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Abstract

We propose a model of environmental overcompliance in a duopoly
setting where consumers are environmentally concerned and may pa-
tronise the product they buy, firms set their green investment to
abate the impact of productivity on pollution and a government sets
the environmental standard with the aim to maximise welfare. We
show that, with no patronising consumers, overcompliance is unilat-
eral by the firm with higher quality standard under Bertrand behav-
iour, whereas both firms may overcomply under Cournot competition
if the environmental impact of production is sufficiently low. Con-
versely with patronising consumers, overcompliance is unilateral with
low environmental impact of production under price competition, and
both firm overcomply under quantity competition.
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1 Introduction

Environmental overcompliance takes place when firms voluntarily conform to
environmental standards higher than the ones required by the environmental
regulation. There is a large evidence documenting the growing of environ-
mental overcompliance (see Lyon and Maxwell, 2004 for a discussion).

The economic literature proposed several explanation of environmental
overcompliance. One argument relies upon the assumption that consumers
are environmentally concerned and thus they reward firms that overcomply
by redirecting their demand towards them (Arora and Gangopadhyay 1995
(from now on, AG95), Bansal and Gangopadhyay, 2003, and Bagnoli and
Watts, 2003, inter alia). Another explanation is that overcompliance has the
aim to preempt the enactment of tighter regulation (Maxwell et al., 2000,
and Lyon and Maxwell, 2003, inter alia). Finally, Denicolo (2008) suggests
that a firm can overcomply to signal an uninformed government about low
overcompliance costs and thus leading the government to require a tougher
regulation. Here overcompliance has the purpose of raising rival’s costs.

The present analysis nests in the approach related to the presence of
green consumers. In particular, AG95 and Bansal and Gangopadhyay (2003)
examine a vertically differentiated duopoly where firms sell a good differing
in environmental quality (due to higher environmental production standards)

and compete in prices. They show that overcompliance may emerge but

[i] the environmental standard is exogenously determined and thus not

established through social welfare maximisation,

[ii] they do not consider the presence of the environmental externality

(which in turn affects the endogenously-determined environmental stan-
dard) and

[iii] competition in quantities is not taken into account.



In this paper we take the AG95’s standpoint by considering the presence
of an environmental externality, and endogenously setting the environmental
standard through social welfare maximisation by the government. Further,
we evaluate the introduction of an environmental standard with Cournot
competition. Finally, we investigate the case in which consumers are green
and “patronise” the good they choose to buy, i.e., they specifically care about
the environmental impact of the good they buy.

Our results show that, with no patronising consumers, an environmen-
tal standard quality brings about unilateral overcompliance by the firm with
higher quality standard under Bertrand behaviour, whereas both firms over-
comply under Cournot competition if the environmental impact of produc-
tion is sufficiently low. The result can be explained by the interaction be-
tween the price effect, that induces the two firms to increase environmental
quality differentiation, and the environmental standard: the firm with lower
environmental standard would lower its price (and thus its environmental
quality) in order to acquire consumers that otherwise would not have bought
the good, therefore the introduction of an environmental standard would in-
duce an increase in quality. This may not happen under Cournot behaviour
competition, since competition is softer and thus less differentiation occurs.
Therefore the low-environmental-quality firm may set its quality above the
standard. On the other hand, the firm with higher environmental quality
raises its price (and quality) because of the price effect and by doing this it
overcomplies.

Conversely, when we consider patronising consumers, overcompliance is
unilateral if the environmental impact of production is sufficiently low and
under Bertrand behaviour, and both firm overcomply under Cournot com-
petition. Here the environmental quality contributes with the price effect
to maximise profits. This because a consumer specifically cares about the

pollution of the purchased good. Since a firm want to keep a relatively



high environmental standard to please consumers, quality differentiation is
smaller than the previous case, and this in turn increases the situation where
overcompliance takes place.

The present analysis is similar to the literature on minimum quality stan-
dard in polluting industries, where the quality of goods is exclusively hedonic
(see Lambertini and Tampieri (2012a) and Ecchia et al. (2011)). Papers that
consider green consumers are also André et al. (2009) and Lambertini and
Tampieri (2012b). Finally, Garcia-Gallego and Georgantzis (2009) assume
green consumer in a duopoly setting where firms follow rules of Corporate
Social Responsibility.

The remainder of the paper is organised as follows. Section 2 presents
the model, Section 3 and 4 examine the results, both in price and quantity
competition, with non-patronising and patronising consumers, respectively.

Section 5 concludes.

2 The model

We consider a duopoly market for homogeneous products supplied by single-
product firms. Production entails a negative environmental externality s > 0.
Firms can adopt a cleaning technology ¢ € [0, Q] that reduces emissions, at
a cost ¢ (q) . We denote the firm that invests more in the cleaning technology
and its competitor as G and B, respectively, so that ¢z > ¢g. From now
on, we will denote the good produced by firm G as “green” and the good
produced by firm B as “brown”.

The demand side is modelled a la Mussa and Rosen (1978). There is
a continuum of consumers differing in the environmental concern, and the
consumer types are identified by the index 6, uniformly distributed with
density equal to one in the interval [0, 0] (thus total demand is equal to

©). Parameter 0 represents the consumers’ marginal willingness to pay for a



good produced according to green standards. Each consumer is assumed to
buy at most one unit of the good in order to maximise the following surplus

function:

U=0q — pi (1)
where p; is the market price at which that variety is supplied by firm i = G, B.
Therefore, the consumer who is indifferent between g5 and ¢p is identified

by the level of marginal willingness to pay 0 that solves
09¢ — pc = 0qp — pB, (2)

and therefore 6 = (p; — pg) / (¢ — q5). Thus, market demand for the green
good is xg = © — H. We assume partial market coverage, so that there is
another consumer, identified by 5, who is indifferent between buying ¢z or

not buying at all:
Oqs — pp = 0, (3)

whereby = pe/qp and the demand for the inferior variety is zp = 9—9.

Accordingly, we can define consumer surplus as follows:

9 e
S = /0 (ks — po)dk+ /9 (246 — p)d=. (4)

This is what one needs to use in order to model Bertrand behaviour, while

inverse demands
pc = (0 —x¢)qe — qpTp
(5)
pp = (© — 26 —7p)qs
are to be used under Cournot competition.
On the supply side, we denote as 7 = pere — ¢c(qe) and 75 =
pprp — cp (qp) the profit functions of the green and brown-quality firm,
respectively, where ¢; (¢;) > 0, ¢, ¢/ > 0 and the marginal cost of production

is normalised to zero. Production entails a negative environmental external-

ity s = b(rg/qc + x5/qB), with b > 0, measuring the negative impact of

5



production on the environment.! Social welfare is determined by the sum of

profits and consumer surplus, minus the environmental externality:
W=0CS+mng+7p—s. (6)

It is important noting that the consumers’ utility function can be modified by
embedding the amount of pollution produced without changing any result.
Indeed, with U = 0¢; — p; — s would not modify the expressions of 0 and 0
resulting from b\qH —pg—S = EqL —pr—s and AéqL —pr—s = —s, respectively.

Competition takes place in two stages. In the first, firms choose the
investment in environmental quality and in the second market competition
takes place. Moves are simultaneous in both stages, and the solution concept
is the subgame perfect equilibrium by backward induction. In what follows,
we investigate separately an industry where price and quantity competition

occurs, respectively.

2.1 Price competition
To begin with, the optimal prices for any given quality pair are:

29C]G(C]G - QB)_ N @CJB(QG - QB)
) pB - (7)
49c — qB 4q9c — qB

e =

where the superscript N stands for Nash equilibrium. The explicit derivation
is omitted as it can be found in Ronnen (1991).

We now turn to the first stage in which environmental quality is chosen.
We will prove our results by manipulating the set of the first order conditions

in the two alternative cases under consideration, i.e., with or without the

!This modelisation of the environmental damage has been borrowed by Lutz et al
(2000).



presence of an environmental standard. The relevant profit functions are:

_ 40°¢¢ (4¢ — as)

uye 5 — ¢a (qc)
(49¢ — qB)

- @2QG(C]]§ (qg —4qp) e (a5) ®)
(49¢ — q5)°

With no environmental standard, the first order conditions for non coopera-

tive profit maximisation are:

Ore  40%qq (493 — 3qaqs + 243)

= —Cq(ga) =0, 9
S To— 6 (4) )
0 0%% (490 — 7 ,
B _ qz: (4q 3613) — ¢ (qn) = 0. (10)
Jqp (49¢ — qB)

We are now in a position to investigate how the investment in environmen-
tal quality is affected by the introduction of an environmental standard. To
perform this task, we follow a procedure by now consolidated in the existing
literature on minimum quality standards. In the regulated case, the govern-
ment introduces an environmental standard aimed at affecting directly the

behaviour of firm B. Firm G’s FOC remains unchanged, while the regulator

solves:
OW _ Oqj; [Og4q5 (209 — 17gp) + 4b (96 — 45) (49¢ — 45) (246 + 45)]
dqp 2% (4q — q1)°

(11)
—c5 (qg) = 0.

For any pair of generic qualities (qg, ¢g) , overcompliance from firm G occurs
once that the environmental regulation is binding (and therefore brings about
an increase in both environmental qualities) if OW/dqp > Onp/0qp. The

presence of a negative externality implies that

. ow  or .
sign {— - —L} = sign {30¢¢qh + 4b(qc — g5) (29 +q5)} >0 (12)
dqs  Oqp



Note also that both firms’ profits are positive for all

©%q¢qs (96 — qB)
(4QG - QB)2

402¢% (96 — qB)
(4(]G - (IB)2

ca (qa) < , ¢ (gqB) < ; (13)

and that

40°q% (96 — a8) ~ ©%qeqs (ac — as) _ 40%¢c (46 — )

(4QG - QB)2 (4C]G - QB)2 49c — qB

> 0. (14)
The foregoing discussion can be summarised in

Proposition 1 Under Bertrand behaviour an environmental standard qual-
ity brings about unilateral overcompliance by the firm with higher environ-

mental standard.

Proposition 1 can be explained in the following way. Profit maximisation
under Bertrand competition implies that firms strongly differentiate in prices
(and thus in environmental quality) in order to increase the market coverage,
i.e., firm B sets its quality at a lower level to acquire consumers that otherwise
would not have bought the good. Therefore the environmental standard is
always above the quality level of firm B. Still for the competition effect, firm
G raises its environmental quality at a higher level than the environmental

standard.

2.2 Quantity competition

In this section we investigate whether the introduction of environmental stan-
dard of production leads to overcompliance in an industry where firms com-
pete in quantities. To begin with, we characterise optimal outputs for any
given environmental quality pair:

O(29¢ —qB) N Oqc

’l‘ = = ]_5
d9¢ — qB b (15)

N
T =
“ 4qc — qB



The explicit derivation of the Cournot equilibrium is omitted as it is known
from Motta (1993).

We now turn to the first stage where the environmental game takes place.
Like for price competition, we will prove our results by manipulating the set

of the first order conditions. The relevant profit functions are:

0% (29¢ — qB)°

TG — — Cg (QG’>
(ag o) (16)
py = D (qz)
(4qy — QL)2

Without regulation of environmental quality, the first order conditions for

non cooperative profit maximisation are:

org _ 0?2 (16¢3, — 12¢5q5 + 4qcab — 43)

— ¢ (¢e) =0, (17)
e (49¢ — q5)°
or ©%q% (4qg +
B _ cZB( da gB) —cp (QB) —=0. (18)
dqp (496 — qr)
The optimal regulation of environmental quality requires solving the follow-
ing:
OW _ ©[044qp (49c + 3q) + 4b (84 — 6atas + 54645 — ap)] (4p) = 0
04 2 (490 — q8)’ ¢ 7
(19)

For any pair of generic qualities (¢g,¢p), the introduction of a minimum
environmental standard leads firm G to overcompliance if the environmen-
tal regulation is binding, i.e., if firm B will raise its environmental quality
in order to comply, because in turn this would lead firm G to raise its en-
vironmental quality. This occurs if OW/0q;, > Ony/0q,. However, if the
minimum environmental standard is not binding, this would imply that both

firms are already overcomplying. By examining the sign of the difference
OW/0qy, — 01, /0qr, we obtain

ow 0
sign {— — ﬂ} = sign {8bgZ — 4bgaqp + 4bgh — O¢kqs),  (20)
dqr,  Oqr

9



whereby

2 2
W O o all > = M6t (21)
dqr — Iqr 4(29¢ — 998 + q4B)

and conversely. Therefore, if b is not large enough, both firms overcomply,

whereas for b sufficiently large, only firm G overcomplies. Finally, note that

both firms’ profits are positive for all

02 (1642 — 12¢%q5 + 49c9% — ¢3)

ca (qa) < : (22)
(4QG - CJB)3
GQQ?{QL
cp(qr) < ———
(41 — q1)’

The foregoing discussion can be summarised in

Proposition 2 Under Cournot behaviour for b < b, both firm overcomply to
a environmental quality standard, and for b > b firm G unilaterally overcom-

plies.

Under Cournot competition the incentive in overcompliance is stronger
than in the Bertrand case. In particular, both firms overcomply if the mar-
ginal impact of production on pollution is sufficiently low. The intuition of
this result can be spelled out as follows. Cournot competition is softer than
Bertrand competition. The competition effect implies that it is not neces-
sary for firm B to lower the price (and therefore the environmental quality)
as much as in the Bertrand case. If the marginal impact of pollution is
sufficiently low, the competition effect is such that firm B keeps the environ-
mental quality higher than the socially optimal environmental standard. If
conversely production has a strong impact on pollution, then the regulated
environmental standard would set the environmental quality to a higher level
than the one who maximises the private profit of the B firm, because of the
strong contraction of market coverage which in this case more than offset the

competition effect aforementioned.

10



3 Patronising consumers

In this section we analyse markets in which consumers specifically care for the
pollution of the good they buy. We refer to them as “patronising” consumers
as the specifically patronise the green quality of their purchased product.
Unlike the previous scenario, in this case to consider the specific pollution
of the good purchased in the utility function makes a difference according to

the product quality. Therefore a consumer’s utility function is now

U=0q,—pi—b/q, (23)

where b/q; is the individual pollution due to the production of the good
purchased. Thus, the consumer who is indifferent between ¢ and ¢p is

identified by the level of marginal willingness to pay 9 that solves
09c — pc —b/qc = 0qs — pp — b/qB, (24)

and therefore
5 _ 4cy8 (pc —ps) —b(9c — qs)

0 25
P 9¢q8 (9c — qB) (25)

The consumer Ep who is indifferent between buying ¢ or not buying at all

is:

0,98 —ps —b/qp =0, (26)
whereby
= peqs + 0
0 = —=5—. (27)
dp

Thus, market demand for the green and the brown good are g = © — §p
and xg = 5,3 — Ep. We now consider the exercise developed in Section 3 in

the case of patronising consumers.

11



3.1 Price competition

With price competition, the profits 7 and 7 in the second stage are:

_ —blam —
TG = pa |© — 9¢48 (pc — pB) (96 — qB) — e (qa)
lel’):] <QG - QB)2 ) (28)
_ pBlacys (Paqs — peac) — b (q% — q3)]
= 3 —CB (QB)
9c9s (9¢ — qB)

Solving the FOCs w.r.t. prices yields:

o = (96— a5) 20654 + b (46 — ap)]
“ dcqB (46126‘ —qB) ’ (29)
(96 — qB) [2099cqp + b (29¢ — qB)]
qcqs (49¢ — qB)

N __
B =

p

We now turn to the first stage in which environmental quality is chosen.

With no environmental standard, the first order conditions for non coopera-

tive profit maximisation are:
Oma _ 054 (g — 31ap +24p) + 24000545 (46 —ap) 3y
a2q% (4ge — qp)°

dqc

b (g — qn)’ (4¢% — 15qcqp + 2¢3) _
3 .2 3 —¢g (qe) =0,
496498 (4QG - QB)
Orp _ ©%¢4a5 (49c — Tas) + 2604cqy (845 — 69695 (9c — aB) + ap]
9605 (496 — q8)°
(31)

dqB
b* (4845 — 20g5as — 126245 + 9964y, + 245) _
1 3 - CB (qB) - O
9cq5 (496 — qB)

In the regulated case, the regulator solves:

ow _ 09545 (209¢ — 17q) + 200¢%4q% (165 — 12¢2q5 + 5q3) (32)
20¢4; (damr — az)’

aQB
b (14443, — 36q5qp — 5645q% + 33q%qh — 6qaah + 243)
2q¢.9% (4qu — q1)

12



By examining the sign of the difference 0W/0q; — Om,/0qr, we obtain

ow 0
sign {— — ﬂ} = sign {60O¢zq5 — 30°qLqp+ (33)
dqr.  Oqr

b* (124 + Agiap — Taaah + 20645 — 243) }

whereby
ow a’ﬂ'L
— > — for all 34
qr, oqr, (34)
_ 2 2
b<b 39461 (35)

3¢ + 3 (g + q8) (1263, — 8¢2qs + qaq? + ¢3)]"”
and conversely.

The foregoing discussion can be summarised in

Proposition 3 Under Bertrand behaviour and patronising consumers, if b >
Z, both firm overcomply to a environmental quality standard, and if b < b firm

G unilaterally overcomplies.

Proposition 3 intuitively shows that, if a consumer specifically cares about
the pollution of the purchased good and the marginal impact of production
in pollution is sufficiently high, then both firms would increase the environ-
mental quality level in order to increase the number of customers and thus
their profits, irrespective of the socially optimal standard. Now indeed com-
petition is not only related to price differences, like in the cases outlined
in the previous section, but it is also related on keeping the environmental
quality relatively high in order to satisfy the patronising customers, and this
offsets the price effect for a high b. When b is not so high instead, then the

price effect is stronger and overcompliance is unilateral.

13



3.2 Quantity Competition

With quantity competition, the profits 7 and 7 in the second stage are:

b
Te = 7g |9c (© — ¥¢) — gz — — | — ¢ (¢0)

2 “ (36)

_ 2p[q5 (0 —ag —xp) — b

= —cp (qB)
4B
Solving the FOCs w.r.t. quantities yields:
= O40q5 (296 — q8) + b (96 — QQB)’
dcas (49 — q5) (37)
2N = ©qcap — b (245 — 2(]3).

493 (49¢ — qB)

In the first stage where the environmental game takes place and with-
out regulation of environmental quality, the first order conditions for non

cooperative profit maximisation are:

Ore _ ©%¢Eqy (1645 — 12q5q5 + 49645 — 4b) + 2b0q8q% (16gc — 11g5)

dqa 0243 (496 — q)°

(38)

b? (4% — 31¢3qp + 48qaqy + 4¢%)
2 o 3 — Ca (QG> =0,
4693 (496 — qB)
orp _ O%qdq} (4qc + qB) + 200¢2.q% (82, — 64%qB + 4qcq% + 43) ~ (39
dqp atah (dac — qn)°
b? (48¢% — 20qtqp — 16¢3.0% + 12q2.4% — 4qcqh — af) _
—Cp (CIB) = 0.

q&ab (4g9e — qp)’
The optimal regulation of environmental quality requires solving the follow-

ing:

ow ©%¢4q5 (49¢ + 3¢) + 200¢2.q3; (16¢5 — 12295 + 129045 + q3)
9qp 20344 (496 — qp)°

(40)
b? (14443 — 68qLqs — 60¢3q% + 48¢%4%, — 24qads + ¢)

atas (4q¢ — qp)°

- CIB (q) = 0.
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By examining the sign of the difference 0W/0q; — Om,/0qr, we obtain

ow 0
sign {— — ﬂ} = sign {200¢2q}; — O%¢tah—, (41)
aC]L 3QL

b? (1244, — dqkas — 843q% + g — 3q5) } < 0.

The foregoing discussion can be summarised in

Proposition 4 Under Cournot behaviour and patronising consumers both

firm overcomply to a environmental quality standard.

The reason of this result is the same as for price competition, but now the
effect of keeping a high environmental quality in order to acquire patronising

consumers is stronger due to the softer competition under Cournot behaviour.

4 Concluding remarks

We have analysed a duopoly model of environmental overcompliance with
green consumers and a government setting the environmental standard with
the aim to maximise welfare. When consumers do not patronise the good
they buy, unilateral overcompliance takes place under Bertrand behaviour,
whereas both firms may overcomply under Cournot competition if the envi-
ronmental impact of production is sufficiently low. On the other hand with
patronising consumers, overcompliance is unilateral with low environmental
impact of production under Bertrand competition, and both firm overcomply

under Cournot behaviour.
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