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Abstract

In this note, we introduce pollution and examine its effects in a finite bilateral
oligopoly model where agents have asymmetric Cobb-Douglas preferences. We de-
fine two strategic equilibria: the Stackelberg-Cournot equilibrium with pollution
(SCEP) and the Cournot equilibrium with pollution (CEP). While the supplied
quantities of the polluting and the non-polluting good depend on the preferences
of all economic agents in the case of symmetric preferences, we show that when
preferences are asymmetric, i) at both equilibria, each polluter’s equilibrium supply
depends only on the non-polluters’ preferences for the non-polluting good; i) at the
CEP and the SCEP, the elasticity of the polluters emissions is greater when non-
polluters preferences for the non-polluting good increase, compared to an increase
in their own preferences for this good; i) firm’s emissions’elasticity decreases with
the market power if their marginal cost is lower than their competitor.
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1 Introduction

In this paper, we investigate the consequences of asymmetric Cobb-Douglas pref-
erences on equilibrium strategies and pollution emissions level, in a bilateral oligopoly
model with Stackelberg competition. To this end, we extend Julien and Tricou (2012)’s
bilateral oligopoly model based on Gabszewicz and Michel (1997) by introducing a pol-
luting good, and assuming asymmetric preferences. In this framework, we study two
strategic equilibria in an exchange economy with production and pollution emissions. In
the Stackelberg-Cournot model, we assume that a Stackelberg leader and one follower
produce a non-polluting good, while other followers supply a polluting good. By con-
trast, in the Cournot equilibrium model, all firms set their decisions simultaneously.

Studies dealing with pollution mostly focus on partial equilibrium and are devoted
to pollution permit markets. In a seminal paper, Hahn (1984) pioneered the analysis of
strategic interactions in pollution permit markets. He considers two different scenarios.
In the first, it is assumed that firms sell their products on perfectly competitive markets.
In the second scenario, one dominant firm is assumed to face a competitive fringe. In
this case, it is shown that the permit market is cost-effective if the dominant firm’s initial
endowment of permits is such that he chooses not to trade. Westskog (1996) extends
Hahn (1984)’s model by considering several dominant firms and a competitive fringe in
the permit market. In line with Hahn (1984), he finds that the permit market is cost-
effective if the dominant firms endowments of permits are such that they don’t need to
be exchanged. All the above mentioned studies share the assumption that the dominant
firm behaves non-strategically in the final product market, and the economy embodies
competitive fringe. Some firms are therefore sentenced to be price-takers.

When the input market is strategic and the final good market is competitive, Salop
and Scheffman (1983), Misiolek and Elder (1989) show that the dominant firm would
manipulate the price of the input in order to increase the production costs of its rival.
Thus, these studies do not provide an answer to the strategic markets of the final goods
and, consequently, do not integrate the fact that a firm use its market power on the
permit market to increase its efficiency on the final goods market. Montero (2009) re-
lax that assumption by allowing firms to compete on both the permit markets and the
product market. Kolstad and Wolak (2008) show that electric utilities in California used
the NO, market to enhance their ability to exercise (unilateral) market power in the
electricity market. More recently, Dickson and Mackenzie (2018) study strategic trade in
pollution permit market where firms decide endogenously to be buyers or sellers. They
investigate the interplay between market power in the product market and the permit
market equilibrium, and examine the effect of increased demand in the product market
by assuming that firms have symmetric market power. They show that there is a unique
equilibrium in which trade in permits takes place. Their assumption is not always ap-
propriate because there are economies where agents display heterogeneous market powers

The oligopoly models with a finite number of traders were introduced by Gabszewicz
and Michel (1997) and pursued by Bloch and Ghosal (1997), Bloch and Ferrer (2001),
Dickson and Hartley (2008), Julien and Tricou (2012). In these models, both sides of the
market are linked by a price mechanism. This mechanism was developed by Shapley and
Shubik (1977) and refined by Sahi and Yao (1989) and Amir et al. (1990). Our model is

closely related to Julien and Tricou (2012)’s who assumes that all traders have the same
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preferences which can be represented by the same log linear utility function. We relax
this assumption by considering that agents located on both sides of the market exhibit
different preferences which are adequately captured by Cobb-Douglas utility functions.
Morever, our economy enables agents to have different market power. The simple model
we develop here allows for the investigation of the role of preferences on production strate-
gies and pollution emissions in two scenarios that differ in terms of symmetric market
power (Cournot equilibrium with pollution, namely CEP) and asymmetric market power
(Stackelberg-Cournot equilibrium with pollution, namely SCEP). ! To the best of our
current knowledge, this paper is the first to examine the role of asymmetric preferences
on emissions level, in bilateral oligopoly model when firms have asymmetric market power.

This market structure has several applications in ecological economics.?

We show that: 1) at the SCEP and the CEP, the strategic supply of each polluter only
depends on non-polluters preferences while the emissions level depends on the preferences
of all agents; 2) at the CEP and the SCEP, the elasticity of polluters emissions is more
responsive to non-polluters preferences for the non-polluting good compared to their own
preferences for this good; 3) at the CEP, the marginal variation of the polluters emissions
is more elevated when non-polluters preferences for the non-polluting good rises compared
to an increase in their own preferences for this good; 4) at the SCEP, when polluters have
a higher preference for the non-polluting good than non-polluters’, the marginal variation
of the leader’s emissions (the follower’s) is more sensitive to non-polluters (polluters) pref-
erences for the non-polluting good compared to those of the non-polluters’. 5) when the
marginal cost of the firm is low (high) compared to its competitor, the polluters emissions
flexibility when their preferences for the non-polluting good raise, decreases (increases)
with the market power.

The article is structured as follows. The next section outlines the model. In sections
3 and 4, we present and analyze the SCEP and CEP respectively. Section 5 provides a
comparison between the SCEP and the CEP. We conclude in Section 6.

I Environmental externalities are not studied in this paper. Also, issues related to the existence and
uniqueness of oligopolistic equilibrium in general equilibrium models are beyond the scope of this paper
(due to problems raised in Gabszewicz (2002)).

2 Ezample 1: Consider a polluting company (for example McDonald’s, a fish processing company)
owned by several shareholders who have different market (decisional) powers. These shareholders
consume another good (meat or fish) used as an input to produce the final good (burgers or canned
fish). All agents of the economy consume the two goods. In such a context, we describe how the agents’
preferences for the non-polluting good would affect strategies and, discuss climate change mitigation
by asking how to act effectively on these preferences to alleviate pollution, and thus preserve the
environment.

Ezample 2: Imagine two agri-food companies that produce a final good (good 1) with cereals, and
several (n) other companies that own the cereals (good 2). It is assumed that producers are also
consumers and the utility of each agent of the economy depends on the consumption of both goods. In
addition, all the economic agent have Cobb-Douglas preferences that differ in the value of the preferences.
The production of good 1 requires good 2 whose combustion generates pollution. We know that acting
on preferences could reduce pollution. From the social planner point of view, the main questions are:
in which cases should we act on producer-consumer preferences rather than pure-consumer preferences
to better reduce pollution? Conversely, in which cases would an action on pure-consumers preferences
reduce more pollution compared to an action on producer-consumers’preferences 7



2  The model

Let us consider an exchange economy with a productive sector. It consists in n + 2
traders of two types (indexed respectively by i = 1,2 and j = 1,....n) and two divisible
commodities (A and B). Good B which is not produced, is used as an input to produce
good A. py denotes the price of good A in terms of good B so that good B is assumed
to be a numeraire; i.e pg = 1. Pollution results from the processing of good B. Firms i
are consumer-producers and firms j are pure consumers. The preferences of each agent
are captured by the following utility functions:

Uz'y,2) = alnzy + (1 —a)lnzy, aoc(0,1) Vi=1,2 (1)
Uz, 2) = Qlnady + (1 - Q) Inal, Qe (0,1) Vj=1,.n (2)

Following Gabszewicz and Michel (1997), Julien and Tricou (2012), the initial endow-
ments in good A and B for both types of agents are respectively given by:

w' = (0,0), Vi=1,2 (3)
, 1

w = (0, —) : Vi=1,..,n (4)
n

As in Gabszewicz and Michel (1997), an oligopolist must produce to consume. By
using 2' quantity of good B, an oligopolist produces a quantity 3* of good A according
to the linear technology:

= B'>0, Vi=1,2 (5)

Following Crettez et al. (2014), the use of an amount z° of the polluting input generates
a quantity of emissions:
el = ?zi, >0, Vi=1,2 (6)
where 7' measures the magnitude of the pollution. From the last two equations, we
express the production y° of good 1 in terms of the emissions e’ and obtain:
i

yi = ;—e Vi=1,2 (7)

Traders try to manipulate the market price through their strategic supply. Let ¢'
denote the strategy of agent i; e’ their emissions level and &’ the strategy of agents j, the
strategy sets for the supply of both oligopolists are:

s' = {(q",e% eRI0<¢ < g—e} Vi=1,2

sjz{bj eRO<Y S—}, Vi=1,..,n
n



Market price is then given by:

Individual allocations are given by:

:L,z7l,z — T 7,7 i . T zez , 7/2172
(2, 25) <y L )

o o .1 . ‘
Jody — Z_ —
(), x]) = (bj +B*jb7’ " V), j=1,..n

and yield the following indirect utility levels:

Vi(¢,¢,B)=aln(y' —¢')+(1—a ln( , ,
B =t =) + (- (2

bi + B~ n

(10)

q - vie") , =12 (11)

vquigg:Qm(_Jl_y>+@,4Dm<l_w),j:lwwm (12)

where b = (b, b7, ....., b™) is the vector of equilibrium strategies of traders j and ¢ = (¢!, ¢?)

is the vector of equilibrium strategies of traders .

3 The Stackelberg-Cournot equilibrium with pollution

In this game, polluting firms compete "a la Stackelberg"; agent 1 behaves as a Stack-
elberg leader with respect to the (n + 1) remaining agents. The game consists in two

stages. In the first, the leader solves the following program:

1,1 n Gl
(¢',¢") € argmax aln (ﬁ - q1> +(1—a)n (Mql

B ¢+ f(q")

- 7161> (13)

At the second stage, the n + 1 followers simultaneously solve the following problems:

2.2 B
(qg, 62) € argmax «ln (B — q2> +(1—a)ln (—q2 — ’}/262) Vq! (14)

ﬁ2 ql + q2

bi + B—J

) 1 2 1 .
b € argmax an(ub])—i—(l—Q)ln(E—b]),Vql j

=1,..,n,. (15)



Proposition 1 : The solution of the SCEP is given by the following equilibrium strategy
profiles (¢*,G*,b) and emissions level (€', ¢€?):

7= ?ﬁﬁl) i 1o
¢ = [ 5] (17)
by — (<: D) Vi=1,..n (18)
1 _ (1—|—a)
o= 2T, (19)
s Slag 32 1—afp 3

> (( 61> (2 6)) 20

where ¢ = %

From these equilibrium strategies given in proposition 1, the market price is:

pa =24 (21)
The individual allocations are:
Q52 Q1 — 2
) = (gm0 o) (22)
(7%, 2%) = [75%, 7% (23)

~92 Q¢ 52 l -« . aﬁ_2
ATy (62 V2 E ey € ﬁ)) 2
L Q1-a) | B2 B B?

- Qp (1-Q)¢ .
#hih) = (G T e) i =L (20
Finally, equilibrium utility levels write as:
71 o Q5% _
U _aln—ﬁl(l—a) +In—— 17 +1In(1 — ) (27)
U? =aln [#%] + (1 — a)In [zF] (28)
Qo 1-Qo |

I=01 1—0)1 =1,..,n. 2

7 =t (5o )+ (1= ) 1 (20)

. oel 2 oel Q 2 Hé2 (¢} 2 2 2 X
We remark that: g5 = nngfglglqﬁ = glqs e — %1/ gl <1 2*86”/2— g—1>,

8~2_ ¢ 1 52 /32
08 _ n ag [y (1+ —o 2--).



While partial equilibrium models with pollution usually assume an exogenous (often
linear) market demand function (Hahn (1984), Montero (2009), Chen and Hobbs (2005),
Sanin and Zanaj (2011), Sanin and Zanaj (2012)), the market demand in our model is
endogenous and depends on agents’ preferences.

Proposition 2 : In the SCEP, marginal variations of the leader and the follower emis-
sion levels are greater when non-polluters preferences for the non-polluting good (2) in-
crease, compared to an increase in their own preferences ().

The emissions level of polluters increase with their preferences for the product good,
but this increase remains low compared with what we would have obtained if non-polluters
preferences varied in the same proportions.

Proof: The differences of the marginal variations are g—égl — %—i = W;OM) [n+n(a—
982 98&? 2 n 2Q 2 n_ l-a
0, if Q < a. However, when « is high, the value obtained from % — %—éé is greater than

that obtained with a small value of «, and the follower marginal variation of emissions
become more and more sensitive to polluters preferences compared to those of the non-

polluters. If & > Q, a —Q > 0, (« — Q) < 1. This implies n+ n(a — Q) + Q% > 0, so that
ol ol .. ey . . .
giﬂ — %ia > (0. Morever, the emission elasticities resulting from a variation of preferences

yield the following expressions:

o <1
Eel/a = 5
Y 14+« 2
1
2 2 2
1—%(2—2— :
€&2/a = <1

frje =20 = 2 1

The elasticity of emissions resulting from a variation of non-polluters’ preferences
is the same for the leader and the follower: this elasticity does not depend on market
power and is greater than what recorded if non-polluters’ preferences increase. Then,
to reduce pollution when producers are also consumers, it is better to act on pure-
consumers’preferences.

However, the emissions elasticity resulting from a variation of polluters’ preferences is

different for the leader and the follower. Indeed, ez2/q < (>)§ = 7 jﬁ < < (>)§ with

2

1

X = % (2 — g-j) °. By solving this inequality, we get e < (3)X, 50 ga20 < (>)5 if
gél/a < (>)X

This result show that to reduce pollution, acting on the follower give a better result than

acting on leader, if the elasticity of the leader’s emission is < to a certain threshold (X).



4 The Cournot equilibrium with pollution

Here, polluters compete "a la Cournot". The Cournot equilibrium is obtained as the
solution of the following system of simultaneous optimization programs:

1,1 B
(¢',e') € argmax «aln (K — 1) +(1—a)ln <—q1 — 'ylel> =1 (30)

Al @+
2.2 B
(¢%,¢?) € argmax aln (”ﬁ—— ) +(1-a)n <mq2—v%2> i—2 @)
1y 2
bV € argmax Qln (mb’) +(1-92)In (ﬁ — b7) =1 ...n. (32)

Proposition 3 : The solution of the CEP is given by the following strategy profiles
(@*,3% b) and emissions level (€',¢%):

7= %qﬁ (33)
P = (34)
w:%:%qs Wi=1 ..n (35)
o = 2
2o QP+ 5, (37)

v (B + 57

where ¢ = %
. . Y . .
From those strategies, we deduce the market price ps = Z]+11 which is:

=1

2ie14
pa=p"+p5 (38)
Individual allocations are

R R Q 2 2 2 2
P = (3, 7h) = (‘;—1 (555) #00-a (5575 ¢) (39
R o Q 1 2 1 2
P = (3%, 3%) = (‘;7 (5575) #00-a(55%) qs) (40
i i i Q 1-0Q
P =@ = (e e ) )



and yield the following utility levels

U'=2In (/315252) +(1—a)In(l —a)+InaQ¢ — aln ' (42)
U?=2In (515152) (1-a)ln(l —a) +Inaf¢ — aln 5 (43)
U/ =Qln ((5122-—%2)") +(1-Q)In(1 -Q¢)+ (2—1)Inn. (44)

The elasticity are given by:

a?
gé\ a = —————
K af? + [t

8@1/Q:€g2/Q:n_Q >1

<1

Polluters react more to an increase in non-polluters’ preferences than to an increase
in their own preferences.

5 Comparison of equilibrium outcomes

We now proceed with the comparison of equilibrium outcomes in the SCEP and CEP.
The strategic supplies of goods A and B exclusively depend on non-polluters preferences
while emissions level depend on the preferences of all agents (polluters and non-polluters).

Proposition 4 : In the SCEP and CEP, when preferences are asymmetric, agents’ sup-
plies only depend on the non-polluters preferences. But, when preferences are symmetric,
equilibrium supplies depend on the preferences of all agents.

Proof: If preferences are asymmetric, g—g = HLQ% > (; % 8—9 = = 94 ng >
0> 03t _ g
0; 55 = 51 Bl ;26" — 2] > 0; 4 == 8‘51 0; %ZZ = 0. Hovvever7 when all agents
have the same utility function U(z? 28) = alna? + (1 — o) Inab, € (0,1) Vi =

1,2, Vj=1,2,...n, the strategic supplies are given by ¢* = %gb, 2[2

po=2ol=b 51 . n

n(n—a)

_aB'
R

We now focus on the effect of a change in agent preferences on the level of emissions.

.08 n BTHaBTi+BY) get 1 Q(BTH?
Indeed we have: & = —g IGREDE ¢ > 0and 5= = VW(Z) > (0. The

emissions level of a relatively inefficient firm (with a high value for () is less sensitive to a
varlatlon in preferences compared to that of a relatlvely efﬁment firm: indeed, if B < p,

m the margmal Varlatlon of emrssrons level resultmg from a varlatlon of the preferences

is represented by:

oo _or_ s
doa 90 Ai(n —Q)(B + )2

(871 (n(Q2 — ) — Q) — np'] (45)



Proposition 5 : At both equilibria, if o > 2, polluters’ marginal variations of emissions
remain more elevated when non-polluters preferences increase compared with an increase
in thewr own preferences. However, at the CEP, the polluter is more sensitive to their
own preferences rather than non-polluters preferences if ’Bﬁ— > m .

At both equilibria, the polluters’ emissions elasticity is greater when non-polluters’
preferences increase, compared to an increase recorded when polluters’ preferences in-
crease.

Proof: V3!, if a > Q, %—’Z - g—g < 0. In addition, solving g% - g% > 0, needs
B7Hn(Q —a) — Q) —npf > 0ie % > -w—or: the ratio of marginal costs remaining
positive and m being negative (a > Q).

Remark 1: When o > (), this condition is sufficient to yield % — g% < 0. This
indicates that a higher preference of polluters for their own good, their level of emissions
increases more with non-polluters preferences compared to the increase observed if their

own preferences varied.

Proposition 6 : An increase in non-polluters preferences for the non-polluting good
affects more the polluter’s marginal variation of emissions if their market power is suffi-
ciently high. However, when their market power decreases, polluters preferences have no
mmpact.
, : oel _oet _ et
Proof: At the SCEP, if o > 2, we have §5— 5= = m[n—i—n(a—&?)—i—ﬂz] >0
52 52 2 2 2 —a

and %& — 9& — % 2—% [(Q—an_LQ) - %@/2— %[Q—FR_LQlT]] < 0. However

with @ > Q, at the CEP we get %= — %2 — W (BY(n(Q2 —a) — Q) —np% >0
B

because ﬂ—; is always positive.

Remark 2: If polluters market power is below a certain threshold, their emissions’
marginal variation is higher when their own preferences vary compared to a variation in
that of non-polluters. From this threshold, their emissions becomes more responsive to
non-polluters preferences. Moreover, at the CEP, the impact on polluters’ emissions level
resulting from a variation of their preferences may be identical to that which would be
recorded if the preferences of non-polluters varied in the same proportion. However, if
the same firm competed at the SCEP as a leader, this coincidence could not be observed.

g _ o8 _ i B nQ=0)-02 44 98t oet
Indeed, 5= — 55 = 0 if 5= = ~ while 55 — 5= # 0 because the value recom-

mended for « is greater than 1, ie a = 1+ Q — %2 < 0. The ratio of marginal costs
remaining positive, g_ez — g—g = 0 if and only if Q > «.

Remark 3: The emission elasticity does not depend on firms’ marginal costs (/3
and %) when 2 increases while it depends on it when « increases. At the SCEP as at
the CEP, when firms have the same marginal cost, they have also the same vulnerability
in their emission. At the SCEP as at the CEP, polluting firms react in the same way
to a change in the preferences of non-polluting agents (ezi/q = €si/), and this value is
greater than what recorded with a variation in their own preferences.® However, at the

3This result is not obvious when producers consume the good they produce.
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CEP, ez1/o > 1f and only i

while at the SCEP, ez, is always < 2,V52 B

Proposition 7 : If 3¢ < B7%, firm’s emission elasticity decreases when their market
power increase. However, if 5 > p7", firm’s emission elasticity increases when their
market power increases.

Proof : Indeed, €z, =

CL and €elja = 1_%1 = Eelja > E&l/a if 61 < ﬁ2.
82

Also, €22/ < €224 if and only if
1

52 61+/32 /32 2
PN (2_ ﬁ) > 1

5 < i (2 — 5—2> . This is equivalent to solve

61+B 2431

o If Bt > 2 ie g—? < 1, we get % <1, (2 - B—?) < v/2: this yields £ 251 1;)52 <2 - g—f)
I =een <éez/a.

€a2/a > €82/a 1=2
€el/a > €6l/a 1=1

"> 7% then we get{

o When ' = %, we get €a1/q = €22/a = €1/ = 107

Finally, we determine the conditions under which the two equilibria coincide.

Proposition 8 : When ' = %2 = 3 and +* = v, the SCEP coincides with the CEP.

. 0el o _ 98 0 _ o8 08 _ & 2
Remark 4: Morever, 55— 35 = 55— 35 = 50 — 94 = momy(n+n(a—Q)+Q% > 0.

. i i 12~ Q s1 22 i Qo)
Proof: If ' =fF and ' =, weget ¢! =¢*=q¢ = ¢ and e' =¢ —@—T¢.

6 Conclusion

In this note, we pionneered the analysis of asymmetric preferences on pollution in
bilateral oligopoly market by extending the model of Julien and Tricou (2012). We set
out to examine the consequences of asymmetric preferences on emissions when polluters
have asymmetric and symmetric market power. Three results can be emphasized. First,
the supply of each polluter depends on the non-polluters’ preferences. Second, when the
firm’s market power increases, their emission increases or decreases according to the rela-
tionship between its marginal cost and that of its competitor. Third, when producers are
also consumers, an action on pure-consumers’preferences reduce more the pollution, and
this regardless of the producers’ market power. From the point of view of the social plan-
ner, to reduce pollution it is more benefit to act on firms with big market power rather
than small firms. This study can be extended to a dynamic context and in particular to
the dynamics of government health expenditures.
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