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Investment in Cleaner Technology and Signaling Distortions in a

Market with Green Consumers

Abstract

I analyze the pricing and investment behavior of a �rm that signals the environmental at-

tribute of its production technology through its price to uninformed environmentally conscious

consumers. I then analyze the e¤ect of change in environmental regulation on the signaling

outcome and the �rm�s ex ante incentive to invest in cleaner technology. When regulation is

weak, a �rm signals cleaner technology through higher price; in this case, the �rm earns lower

pro�t when it has cleaner technology and thus, has no incentive to invest in cleaner technol-

ogy. The price charged by the clean �rm declines sharply beyond a critical level of regulation.

When regulation is su¢ ciently stringent, the �rm with cleaner technology charges lower price

but earns higher signaling pro�t, and ex ante the �rm has positive incentive to invest in cleaner

technology. With weak regulation, the incentive of the �rm to directly disclose its environmental

performance rather than signal it through price (signaling distortion of pro�t) is increasing in

the level of regulation, but the opposite holds when regulation is su¢ ciently stringent.

JEL Classi�cation: D42, D43, D82, L51.

Key-words: Environmental consciousness; Environmental regulation; Incomplete informa-

tion; Investment; Signaling.



1 Introduction

The growing environmental consciousness among consumers and increasing stringency of environ-

mental policies by public authorities in the past decades have encouraged private �rms to invest in

the adoption and development of cleaner technology that causes lesser or no environmental damage.

One can view environmental consciousness (willingness to pay more for goods produced with lower

environmental damage)1 among consumers as an important social mechanism that disciplines the

negative environmental externalities created by rent seeking �rms and is therefore complementary

to environmental regulation by public authorities. While consumer consciousness should encourage

�rms to invest in cleaner technology, environmental groups often claim that the e¤ectiveness of

consciousness in inducing such investment is limited because consumers lack information about the

actual production process of individual �rms. Thus a �rm with cleaner technology has an incentive

to distinguish itself from a �rm with dirtier processes which, in turn, distorts its market power and

pro�t. Some information is provided through ecolabeling2 and other certi�cation intermediaries as

well as the fact that �rms are in compliance with government regulations; it is, however, fair to say

that such information often pertains to only certain speci�c kinds of environmental damage and re-

mains signi�cantly limited relative to the environmental concerns of consumers. Even if regulatory

authorities succeed in gathering better information about the actual environmental performance of

�rms and make it publicly accessible,3 such information may not always percolate down to individ-

ual consumers. This gap between consumer concern and the availability of information is likely to

increase in the future with increase in environmental consciousness.

This argument then goes on to suggest the need for mandatory disclosure laws4 and public

provision of information about �rms�actual technology. In this paper, I critically examine this

1The recent theoretical literature in environmental economics considers environmental friendliness as a vertical
attribute of a product and shows that environmentally conscious (green) consumers pay a price premium for an
environment-friendly product (See Cremer and Thisse (1999), Arora and Gangopadhyay (2003), Bansal and Gan-
gopadhyay (2003)). Teisl et al. (2002) �nd that introduction of "dolphin-safe" labels increases the market share
of canned tuna. Galarraga and Markandya (2004) show that consumers in the UK pay signi�cant price premium
for organic and fair trade co¤ee. Casadesus-Masanell et al. (2009) �nd that consumers are willing to pay more for
sportswear made of organic cotton that involves lower use of pesticides and fertilizers.

2See Karl and Orwatt (2000); Dosi and Morretto (2001), Sedjo and Swallow (2002); Mason (2006), Grolleau and
Ibanez (2008).

3See Sartzetakis, Xepapadeas, and Petrakis (2005; 2008) and Uchida (2007). Rege (2000) argues that government
can provide information about environmental quality of a �rm by imposing penalty on the non-compliant �rm.

4Following are few examples of mandatory environmental reporting imposed by public authorities on �rms: Toxic
Release Inventory (USA), Environmental Reporting Decree (the Netherlands), Green Accounts (Denmark), and
Pollutant Release and Transfer Register (UK).
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argument by studying the e¤ect of consciousness and information on the incentive of a �rm to

invest in cleaner technology when the �rm reveals its actual environmental performance through

the price of the produce. Existing literature has largely focused on the normative question of

optimal policy to reduce the negative externalities created by the production process of �rms when

the public authorities lack the information about �rms�technology and consequential environmental

damage; in contrast, I investigate the incentive of a �rm to invest in cleaner technology under the

information asymmetry between consumers and the private �rm.

Environmental regulation such as emission taxes, pollution permit requirements, liability laws

etc. that impose additional cost on the �rms for their negative environmental externalities in

turn a¤ect the kind of prices needed to be adopted to convey the right information to consumers.

Further, when consumers do not learn about technology change, the incentive to shift to cleaner

technology is not just based on reducing the burden of regulation on production cost but also on

the indirect e¤ect of change in cost di¤erentials between cleaner and dirtier �rms, on their market

power and pro�ts (signaling distortion). It is important to understand the link between regulation

and consciousness in promoting green technological change when a �rm decides whether to directly

disclose its environmental performance or signal through price.

In situations where direct credible communication of environmental performance to consumers

is too costly, product prices and other market variables play an important role in signaling the

environmental performance of �rms. Signaling often requires �rms to distort their actions in order

to convince consumers that such actions could only be taken by a �rm that has a certain type

of technology. Thus, the market outcome and the pro�t of the �rms in a signaling outcome can

di¤er signi�cantly from the full information economy. The signaling incentives of �rms and in

particular, the extent of signaling distortions, are in�uenced by environmental regulations that

modify the private production cost associated with di¤erent types of technology through pollution

taxes, emission permits, liability of actual damage etc. Like consumer consciousness (and perhaps

related to it), the stringency of environmental regulation has been increasing over time. It is

important to understand how a change in the level of environmental regulation a¤ects the incentive

to signal and the signaling outcome in the market. Further, with uninformed green consumers, the

ex ante incentive of a �rm to invest in cleaner technology ultimately depends on the di¤erence in

pro�tability of clean and dirty technology as generated in the signaling outcome which, in turn,
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is in�uenced by environmental regulation. This e¤ect of environmental regulation on investment

in cleaner technology that works through signaling outcomes deserves clear understanding. This

paper attempts to address these issues systematically in a simple framework.

In particular, I consider a monopoly where environmentally conscious consumers are uninformed

about the environmental damage caused by the production process of the �rm.5 A �rm signals the

environmental attribute of its production technology which is either clean or dirty to uninformed

green consumers through its price.6 I treat regulation as exogenous and abstract from information

problems between the regulator and the �rm.7 I use this framework to understand how changes in

regulation may in�uence the incentive of a �rm with market power to invest in the development of

less damaging environmental production process.

In a monopoly market that is not subject to any environmental regulation, Mahenc (2007; 2008)

shows that better environmental quality is signaled by higher price, if the marginal production cost

is relatively higher for the clean type. In this paper, I show that this continues to hold when

the industry is subject to environmental regulation, but regulation is "weak". However, under

signi�cantly higher level of environmental regulation, the �rm may use a lower price to signal its

clean technology. This part of the analysis is closely related to quality-signaling games considered

in the industrial organization literature (see, for instance, Bagwell and Riordan, 1991). However,

unlike much of the quality-signaling literature, in my framework, the e¤ective marginal cost of

production depends on the level of exogenously given environmental regulation, and for signi�cantly

higher level of regulation, the clean type has lower e¤ective marginal cost of production compared

to the dirty type, and thus, lower price may signal better "quality".8

An important contribution of this paper is that it brings out the e¤ect of environmental regula-

tion on its price used to signal various levels of environmental performance that, in turn, in�uences

market power, pro�tability, and consumer surplus. The fact that consumers are uninformed about

the actual environmental performance of the �rm though they are willing to pay more for the

5Even if public regulation takes the form of emission permit or tax, information about the actual trades or tax
payments by the �rm may not be available to consumers.

6Hwang et al. (2005) �nd that consumers use price as a signal of the quality of genetically modi�ed food (corn,
bread, and egg).

7Antelo and Loureiro (2009) discuss the incomplete information problem where �rms signal environmental perfor-
mance to the regulator, and then the regulator decides on the optimal policy.

8The closest result to this, in the existing literature, is provided in a somewhat di¤erent context by Daughety and
Reinganum (1995): They show that lower price signals a safer product when marginal cost of risk per unit output
sold is signi�cantly high.
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product produced by a clean technology, creates an incentive for the �rm to act di¤erently from

the way it would have behaved under full information. In particular, when the �rm is of clean

type it may need to charge a price di¤erent from its full information monopoly price in order to

convince consumers that it is not of dirty type; it could do so by charging a price that would never

be optimal had the �rm been of a dirty type (with a di¤erent e¤ective marginal cost of production)

even if consumers were fooled into believing that the �rm was clean. This deviation from the full

information monopoly price by the �rm when it is of the clean type is the price distortion due to

signaling which in turn generates pro�t distortion due to signaling. The extent and nature of price

distortion depends, among other things, on the di¤erence in e¤ective marginal cost of production

of clean and dirty types and the latter, in turn, depends on the extent of regulation. This allows

me to examine the e¤ect of change in regulation on price distortion and also pro�t distortion due

to signaling.

I �nd that there is no price or pro�t distortion due to signaling when the level of environmental

regulation is either very low or very high. However, in an intermediate range of regulation there

is signaling distortion. Further, within this range, there is a critical level of regulation such that

the clean type charges higher price compared to its full information price if the level of regulation

is below the critical level. Below the critical level, increase in regulation increases the extent of

price distortion due to signaling which, loosely speaking, increases the loss of both consumer and

producer surplus. However, as regulation increases beyond the critical level, there is a downward

jump in the clean �rm�s signaling price to a level below its full information monopoly price which

reduces market power and increases consumer welfare. Price distortion and pro�t distortion decline

as regulation is increased beyond the critical level. My analysis sheds light on a possible bene�cial

e¤ect of increasing regulation that can act through reduction in both price and pro�t distortion

and market power under incomplete information and result in increase of consumer welfare. Note

that this e¤ect is entirely independent of any bene�cial e¤ect that regulation has through changes

in the environmental externality caused by the �rm.

The pro�t distortion due to signaling re�ects the incentive of the �rm to move, if possible,

to a world of full information through direct and credible disclosure to consumers. The e¤ect of

increase in regulation on the extent of pro�t distortion therefore establishes an interesting rela-

tionship between environmental regulation and the incentive for direct disclosure of environmental
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performance through an eco-label (or other third party certi�cation) as well as its incentive to lobby

for imposition of mandatory disclosure regulation. When regulation is weak, �rms have greater in-

centive for direct disclosure when environmental taxes or other regulations become more stringent;

but once the level of regulation goes beyond a critical level, further increase in regulation will only

reduce this incentive (and �rms will be more likely to stay with the signaling outcome).

Next, I examine whether a �rm initially endowed with dirty technology has any incentive to

invest in the development of a cleaner production technology where the outcome of investment is

intrinsically uncertain; the latter may re�ect uncertainty about the success of the project or the

environmental impact of the new technology. Investment is observed publicly but not the realized

technology (or the environmental attribute of the technology i.e., whether it is clean or dirty). In

the next stage, the �rm with private information about its technology sets price.

To the best of my knowledge, the existing literature contains no analysis of the relationship

between environmental regulation, signaling of environmental attribute of technology to green con-

sumers through price, and their relation to the incentive of a �rm to invest in cleaner technology.

I show that even though green consumers are willing to pay more for the product of a clean �rm

and even when the cost of investment is arbitrarily small, a monopolist has no incentive to invest

in cleaner technology if regulation is not strong enough. However, if regulation exceeds a critical

level, higher regulation increases the e¤ectiveness of consumer consciousness and creates incentive

to invest in the development of potentially cleaner technology. This provides theoretical support

for the principal claim of the celebrated Porter Hypothesis i.e., "stringent regulation can actually

produce greater innovation" (Porter (1991); Porter and van der Linde (1995)). Further, I discuss

how the incentive of a �rm to invest in cleaner technology changes with the level of environmental

regulation and provide a numerical example to illustrate the e¤ect of regulation on this incentive.9

The remainder of the paper is organized as follows. Section 2 describes the signaling game

and how environmental regulation a¤ects the nature of separating equilibrium under monopoly. In

section 3, I discuss a case where a monopolist may invest in cleaner technology in the �rst stage

9 In the standard product quality literature, Shieh (1993) analyzes whether a monopolist has an incentive to invest
in cost reducing technology even when consumers are not aware of the �rm�s investment decision and the quality of
the product. Note that in this paper, I mainly focus on a �rm�s incentive to adopt cleaner technology when the �rm
is supposed to pay an emission price for per unit environmental damage that it causes during its production process
and consumers are environmentally conscious though they are not informed about the actual production technology
used by the �rm.
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and analyze the e¤ect of an increase in the level of environmental regulation on the incentive to

invest. Section 4 concludes.

2 Signaling environmental quality through price

Consider a market where the production process of a �rm causes environmental damage. I assume

that depending on its current production technology, the �rm could be of two types: clean (C) or

dirty (D) ; a �rm produces �C units of emission per unit of output if it is clean; and a �rm emits

�D per unit of output if it is dirty where

0 < �C < �D:

Note that here the type of the �rm i.e., whether its production technology is clean or dirty is given,

and it is known to the �rm but not to consumers. The �rm produces output at constant unit cost,

and the unit production cost of a clean type (de�ned by mC) is greater than that of a dirty type

(de�ned by mD) i.e.,

0 < mD < mC :

Emission in the industry is regulated with the �rm being required to purchase emission permit from

a competitive emission permit market at an exogenously given price t. Here emission is a proxy

for any kind of environmental damage, and the emission price (t) represents any expected cost

that a �rm may have to incur for the environmental damage caused by the production process. For

example, under liability rule, if a �rm�s production process causes signi�cant environmental damage

over time then in the long run, it might be required to pay a penalty or damage compensation by a

court of law in the future, and the emission price would then capture the future expected liability

payments.10 Let

XC = mC + t�C and XD = mD + t�D

be the e¤ective marginal cost of a clean and dirty type respectively.

There is a unit mass of risk neutral consumers in the market. Consumers have unit demand i.e.,

10 It is important to clarify that I do not ask the normative question of optimal regulation, and it is beyond the
scope of this framework to check whether the existing level of regulation is socially optimal as there is no emission or
damage function explicitly modeled.
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each consumer buys at most one unit of the good. A consumer has a quasi linear utility function

for the dirty type�s product

uD = m� 1
2
(a� q)2

and for the clean type�s product

uC = m� 1

2�
(a� q)2

respectively where m > 0, a > 0; � < 1; and 1
� is consumer speci�c environmental consciousness

index that is uniformly distributed on an interval
h
1; 1�

i
. Individual demand for the product

produced by the clean type and the dirty type are given by

qC = a� �p

and

qD = a� p

respectively, whereas the aggregate demand for the clean type product is

DC(p) =
1

1� �

1Z
�

(a� �p) d�

= a� p
�

(1)

where

� =
2

(1 + �)
> 1

and that of the dirty type is

DD(p) = a� p: (2)

I assume the following

t < minftmaxD ; tmaxC g (Assumption 1)

where
a�mD

�D
= tmaxD > t and

a��mC

�C
= tmaxC > t
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8� > 1 to ensure that the marginal cost of a �rm is always less than the choke price. Consumers are

not aware of the actual environmental performance of a �rm (or the trades in the emission permit

market). Ex ante, consumers believe that the �rm is of clean (C) type with probability � 2 (0; 1)

and of dirty (D) type with probability (1� �).

The full information equilibrium monopoly price for a �rm of clean type (which produces at

e¤ective marginal cost of XC) is given by

PFIC =
a�+XC

2
;

whereas, if it is of dirty type (with e¤ective marginal cost of XD) then the full information equi-

librium monopoly price is

PFID =
a+XD
2

:

I consider a two stage Bayesian game. In the �rst stage, nature draws the type (clean or dirty)

of the �rm from a distribution that assigns probability � 2 (0; 1) to clean type and probability

(1� �) to dirty type. This move of nature is observed only by the �rm. After observing its realized

type, the �rm chooses its price. Finally, consumers observe the price charged by the �rm, update

their beliefs, and decide whether to buy. The solution concept used is Perfect Bayesian Equilibrium

(PBE) that satis�es Cho-Kreps (1987) Intuitive Criterion.

Let tR be the critical emission price at which the e¤ective marginal cost of a clean type (XC)

is exactly equal to that of the dirty type (XD) i.e.,

tR =
mC �mD

�D � �C
:

At any emission price t < tR, the e¤ective marginal cost of a clean type is strictly higher than that

of a dirty type whereas the relative cost structure gets reversed at any emission price t > tR. In

the rest of the paper, I will refer any emission price t < tR and t > tR as low and high emission

price respectively; these will also correspond to weak and strong regulation respectively.
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2.1 Low emission price: Clean type has higher e¤ective cost of production

For any emission price t � tR, the e¤ective marginal cost of a clean type is higher than that of a

dirty type (XC � XD) ; and I �nd that in the unique separating equilibrium11 high price signals

environment friendly production process.

Proposition 1 Suppose that t � tR i.e., the emission price is low (weak regulation) so that the

e¤ective marginal cost is lower for the dirty type. Then, the unique separating equilibrium that

satis�es the intuitive criterion is one where higher price signals better environmental performance

(clean type). Further, in this equilibrium, the dirty type always charges its full information monopoly

price whereas the clean type may charge a price equal to or higher than its own full information

monopoly price.

In a separating equilibrium, where the type of the �rm is always revealed, if the �rm is of a dirty

type it will always charge its full information monopoly price. Note that for any emission price

t � tR; the full information monopoly price of a dirty type is lower than that of the clean type;

the di¤erence in prices depends on the di¤erence between the e¤ective marginal costs of the clean

type and the dirty type which in turn varies with the level of emission price. If dirty type imitates

the higher price charged by the clean type, it will fool consumers into believing that the product is

actually being sold by a clean type and therefore, will face a higher market demand. However, as

the full information monopoly price of the clean type is higher, despite the fact that the demand

curve for the clean product is higher, the actual quantity sold at that price may be lower than

what the dirty type sells at its full information monopoly price (with consumer knowing that it is

a dirty �rm). This trade-o¤ between imitating a higher price and selling lower quantity determines

the incentive of the dirty type to imitate. The higher the clean �rm�s price is relative to the dirty

type�s full information monopoly price the less is the quantity sold by imitating the clean type�s

high price. If the di¤erence is large enough there is an incentive to imitate. More importantly, as

the dirty type has a lower marginal cost of production, it is more interested (than the cleaner type)

in selling high quantity at lower price rather than lower quantity at higher price. Further, lower

11 In the separating equilibrium, a clean type must charge a price such that after observing the price consumers
believe that it is a clean type with probability one; in other words, consumers should be convinced that a dirty type
will not charge such a price as it is not pro�table for the dirty type to do so.
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the di¤erence in marginal cost between the two types, the smaller the relative incentive of the dirty

type to charge higher price.

Under signi�cantly lower emission price, the large di¤erence in the e¤ective marginal costs

implies signi�cant di¤erence in the full information monopoly prices of the clean and the dirty

type. If the dirty type imitates the clean type�s action i.e., charges full information monopoly

price of the clean type then the dirty type (with relatively lower e¤ective marginal cost) sells lower

quantity and earns lower pro�t compared to what it would have earned if it charges its own full

information monopoly price. In that case, the dirty type does not have any incentive to imitate

the clean type. Therefore, in the separating equilibrium a �rm of clean type charges its own full

information monopoly price when the emission price is below a critical level.

An increase in the level of emission price reduces the gap between the e¤ective marginal costs of

both types which implies that the di¤erence between full information monopoly prices of the clean

type and the dirty type becomes smaller; this, in turn, increases the incentive of the dirty type to

imitate the clean type. In other words, if the dirty type imitates the clean type�s higher price-lower

quantity combination then it earns higher pro�t compared to the pro�t it earns when it charges

its own full information monopoly price. Therefore, in order to convince the consumers and deter

the dirty type from imitating its higher price-lower quantity combination, the clean type charges

a higher price than its own full information monopoly price; this deviation by the clean type from

its own full information monopoly price is referred as upward signaling distortion.

The equilibrium outcome described above is supported by the following out-of-equilibrium be-

liefs of consumers: if the price charged by a �rm is above the equilibrium price of the clean type

then consumers believe that it is a clean �rm with probability one, otherwise consumers believe that

it is a dirty �rm with probability one. It is easy to verify that given these out-of-equilibrium beliefs

of consumers, a �rm whether it is clean or dirty has no incentive to charge any out-of-equilibrium

price. Following the argument in Bagwell and Riordan�s (1991) paper, it can be shown that these

out-of equilibrium beliefs satisfy Intuitive Criterion which selects equilibrium with minimum sig-

naling distortion.

As mentioned in the Section 1, in the absence of any environmental regulation, Mahenc (2007; 2008)

shows that higher price always signals better environmental quality of a monopolist. In my frame-

work, a monopolist behaves in the same manner as long as the emission price is below the critical
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level i.e., t � tR:

2.2 High emission price: Clean type has lower e¤ective cost of production

Recall that at any emission price t � tR = mC�mD
�D��C

which is referred as high emission price, the

e¤ective marginal cost of a clean type is relatively lower than that of the dirty �rm (XC � XD) ;

this contradicts the standard assumption (i.e., a clean type has higher marginal cost). In this case,

the di¤erence between the e¤ective marginal cost of the clean type and the dirty type increases

and thus, the incentive of the dirty type to imitate the clean type decreases with increase in the

emission price.

Proposition 2 Suppose that t � tR i.e., the emission price is high (stringent regulation) so that

the e¤ective marginal cost is lower for the clean �rm. Then, in the unique separating equilibrium,

lower price signals better environmental performance (clean type). The dirty type always charges

its full information monopoly price whereas the clean type charges a price which is equal to or lower

than its own full information monopoly price. Incomplete information may reduce the market power

of a �rm.

First, note that Proposition 2 suggests that higher price does not always signal better environ-

mental performance.12 In the separating equilibrium, if a �rm is of dirty type it cannot do better

than charging its own full information monopoly price at any emission price t � tR. Consider an

emission price which is moderately high i.e., though the e¤ective marginal cost of the clean type is

lower than that of the dirty type, the gap between the full information monopoly price of the dirty

type and the clean type is small enough to create an incentive for the dirty type to imitate the clean

type�s action. In this case, since the e¤ective marginal cost of a dirty type is more than that of a

clean type (XD � XC), a clean �rm cannot reveal its type by charging a higher price relative to

the price charged by the dirty type. Rather, in the separating equilibrium, a clean type prefers to

sell a higher quantity and charges a price lower than its own full information monopoly price; this

deviation by the clean type is known as downward signaling distortion. On the other hand, increase

in the emission price beyond a critical level increases the gap between the e¤ective marginal costs

12Mahenc (2008) mentions that if it is cheap to produce cleaner products then the clean type would indeed reveal
its environmental performance by charging a lower price than the dirty type.
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of both types which in turn reduces the incentive of the dirty to type to imitate clean type�s price.

In this case, if the �rm is of clean type it charges its full information monopoly price which is lower

than that of the full information monopoly price of the dirty type (as the e¤ective marginal cost is

higher for the clean type compared to the dirty type).

The equilibrium outcome is supported by the following out-of-equilibrium beliefs of consumers:

if the price charged by a �rm is greater than equal to the price charged by the dirty type then

consumers believe that it is a dirty �rm with probability one, otherwise consumers believe that

the �rm is a clean type with probability one. Given this out-of-equilibrium beliefs of consumers,

a �rm whether it is clean or dirty has no incentive to charge any out-of-equilibrium price. As

before, following the argument in Bagwell and Riordan�s (1991) paper, it can be easily veri�ed that

these out-of-equilibrium-beliefs satisfy Intuitive Criterion which selects the equilibrium with the

minimum signaling distortion.

2.3 Signaling distortion and welfare e¤ects

From the above discussion one can conclude that a monopolist signals its environmental perfor-

mance to consumers through price, and the choice of signaling equilibrium price depends on the

level of emission price. The fact that consumers are uninformed about the actual environmental

performance of the �rm though they are willing to pay more for the product produced by a clean

technology creates an incentive for the clean �rm to act di¤erently from the way it would have

behaved under full information. In particular, if a �rm is of clean type it chooses a price in the

fully revealing equilibrium such that if the �rm were of a dirty type it would not have charged

the same price; thus, the �rm can convince the consumers of its actual environmental performance

by choosing the optimal price. However, for a certain range of emission price the incentive of the

dirty type to imitate the clean type�s action is quite high and the clean type charges a price which

is not equal to its own full information monopoly price. This deviation from the full information

monopoly price by the �rm when it is of the clean type is known as signaling distortion. The

extent and nature of signaling distortion depends, among other things, on the di¤erence in e¤ective

marginal cost of production and the latter, in turn, depends on the extent of regulation.

Recall that for any emission price t � tR the e¤ective marginal cost of the clean type is higher

than that of the dirty type and is lower otherwise. The following proposition and Figure 1 summarize
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the e¤ect of increase in the level of emission price on the signaling behavior of a monopolist.

Proposition 3 (i) There exists a critical level of emission price tU such that at any emission price

t 2 [tU ; tR], the clean type charges a higher price compared to its own full information monopoly

price to signal its environmental performance (i.e., there is upward signaling distortion).

(ii) There exists a critical emission price tD such that at any t 2 [tR; tD], a clean �rm charges

a price which is lower than its own full information monopoly price to signal its environmental

performance (i.e., there is downward signaling distortion).

(iii) If the emission price is signi�cantly low
�
i.e., t � tU

�
or high

�
i.e., t � tD

�
; then there is no

signaling distortion, and the market outcome is as under full information.

Proof. See Appendix.

Let �P be the measure of price distortion due to signaling i.e., the di¤erence between signaling

distortion price and full information monopoly price; when �P > 0 then there is upward signaling

distortion, and �P < 0 implies that there is downward signaling distortion. For any t � tR;

�P > 0; and the value of �P increases with increase in the level of emission price; whereas, for any

t 2 [tR; tD); �P < 0; and the absolute value of �P decreases with increase in the level of emission

price. To show the monotonicity of the measure of price distortion due to signaling I assume that

a2�
�
1� �C

�D

�2
(�� 1) +

�
1� �C

�D

�2 >
�
mC �mD

�C
�D

�2
�
1� �C

�D

�2 (Assumption 2)

and this assumption will be maintained in the rest of this paper.

Proposition 4 When the emission price is low
�
tU � t � tR i.e., weak regulation

�
; the extent of

upward signaling distortion (the absolute value of �P ) in the separating equilibrium increases with

an increase in emission price (i.e., increase in regulation). On the other hand, when the emis-

sion price is high
�
tR � t � tD i.e., strong regulation

�
; the extent of downward signaling distortion

(the absolute value of �P ) in the separating equilibrium decreases with an increase in emission price

(i.e., increase in regulation).

Proof. See Appendix.
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In Figure 2, the upward sloping curve of broken-line denotes the full information monopoly

price of the clean type whereas the curve with solid-line depicts the equilibrium price charged by

the clean type in the signaling equilibrium. The two curves converge for any emission price t � tU

and t � tD which implies that there is no signaling distortion. However, at any emission price

tU � t � tR the curve of broken line is below the solid line curve which represents upward signaling

distortion whereas downward signaling distortion by the clean type is depicted over a higher range

of emission price viz., tR � t � tD: It is evident from the Figure 3 that the extent of upward

price distortion due to signaling i.e., the distance between two curves increases as emission price

increases whereas the measure of downward price distortion due to signaling decreases as the two

curve comes closer to each other with increase in regulation. Observe that exactly at emission price

t = tR there is a discontinuity or downward jump in the signaling equilibrium price of the clean

type. This implies that in the signaling equilibrium the clean type charges a price either less than

or more than its full information monopoly price.

Let �� be the measure of pro�t distortion due to signaling i.e., the di¤erence between signaling

distortion pro�t and the full information pro�t of the clean type. Note that full information pro�t

of the clean type is always at least as large as the pro�t earned by the clean type �rm in the

separating equilibrium i.e., �� � 0; further, for any t 2
�
tU ; tR

�
the absolute value of �� increases

with increase in the level of emission price; whereas, for any t 2 [tR; tD]; and the absolute value of

�� decreases with regulation.

Proposition 5 When the emission price is low
�
tU � t � tR i.e., weak regulation

�
; the extent of

upward signaling distortion of pro�t (the absolute value of ��) in the separating equilibrium in-

creases with an increase in emission price (i.e., increase in regulation). On the other hand, when

the emission price is high
�
tR � t � tD i.e., strong regulation

�
; the extent of downward signaling

distortion of pro�t (the absolute value of ��) in the separating equilibrium decreases with an in-

crease in emission price (i.e., increase in regulation).

Proof. See Appendix.

Observe that loss in pro�t due to signaling through price creates an incentive for the clean

type to directly and credibly disclose its environmental performance through an eco-label or other

third party certi�cation. The extent of pro�t distortion due to signaling can be interpreted as
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the maximum amount that a clean type �rm is willing to spend to acquire such an eco-label.

Proposition 5 illustrates that under weak regulation the incentive to acquire an eco-label increases

with regulation, on the other hand, when the level of regulation is signi�cantly strong it decreases

with an increase in the emission price. The presence of pro�t distortion due to signaling also

increases the incentive of a clean type to lobby for mandatory disclosure of the environmental

performance of a �rm. It is evident from Proposition 5 that when the emission price is low i.e.,

tU � t � tR the clean type�s incentive to lobby for compulsory disclosure increases whereas it

decreases with increase in emission price when the regulation is stringent i.e., tR � t � tD:13

This paper is silent about the normative question of optimal environmental regulation since

environmental damage is not explicitly modeled. However, it is possible to study how change in the

level of exogenously given level of regulation a¤ects market power of the clean type and consumer

surplus.

Table 1

Emission Price t � tU tU � t � tR tR � t � tD t � tD

Consumer Surplus Decreases Decreases Decreases Decreases

Market Power Decreases Increases Decreases Decreases

Producer Surplus Decreases Increases Decreases Decreases

Table 1 summarizes the e¤ect of increase in the emission price on consumer surplus, producer

surplus, and market power of the clean type. Consumer surplus decreases as signaling equilibrium

price increases with increase in the level of regulation (except in the neighborhood of the emission

price t = tR). Market power and producer surplus increase with regulation only when the clean

type charges a price above its full information price and decrease otherwise.

Observe that if the level of environmental regulation shifts from an emission price t = tR � �

to t = tR + � where � > 0 and in�nitesimally small, then the signaling equilibrium price of a clean

type falls, market power and producer surplus decrease, and consumer surplus increases. In Figure

2, if the emission price increases from t0 to t1 then signaling equilibrium price of the clean type

13 In the next section, the measure of pro�t distortion plays an important role to analyze how a �rm�s incentive to
invest changes with emission price.
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falls down from p0 to p1; as a result, the consumer surplus increases, and market power as well as

producer surplus decrease. This is perhaps the most striking result as it contradicts the standard

belief that more stringent regulation worsens consumer welfare and helps rent seeking �rm to gain

more market power. In particular, an increase in the emission price a¤ects the signaling behavior

of a monopolist where the consumers are not aware of the actual environmental performance of the

�rm and this, in turn, may increase the well being of consumers.

3 Incentive to invest in cleaner technology

Suppose that a �rm is initially endowed with a dirty production technology i.e., it produces �D

units of emission per unit of output and incurs a post-regulation marginal cost of XD = mD+ t�D;

where mD is the unit cost of production, and t is the exogenously given emission price. Before

going in to production, the �rm decides whether or not to undertake a project to develop cleaner

technology. If it decides to undertake the project, it has to incur (an exogenously �xed amount)

f > 0 as cost of investment. If undertaken, the project is successful with probability � 2 (0; 1) in

which case it leads to development and adoption of a clean production technology; however, the

project is unsuccessful and the technology remains dirty with probability (1� �) : If a �rm does not

invest then it incurs zero investment cost and remains dirty for sure. If investment leads to clean

technology; the �rm emits �C < �D per unit of output incurring a post-regulation marginal cost of

XC = mC + t�C ; where mC is the unit cost of production. I assume that if the realized outcome is

a clean production technology then the �rm always uses that technology.14 As described in section

2, there is a unit mass of risk neutral consumers with unit demand; the aggregate demand for the

product of the clean and the dirty types are given by (1) and (2) respectively.

Formally, I have a multi-stage Bayesian game. In the �rst stage, a �rm decides whether to invest

in development of cleaner production technology; consumers observe �rm�s investment decision, but

they do not know the realized outcome (in case the �rm invests). Then, nature draws the type

of an investing �rm from a distribution that assigns probability � 2 (0; 1) to the clean type and

probability (1� �) to the dirty type. This move of nature is only observed by the �rm. Next, the
14Observe that after �rms invest to develop a cleaner technology, if �rms are again allowed to choose the production

technology to be used, then if dirty technology is cheaper, a �rm may discard the realized clean technology as the
dirty �rm may earn higher pro�t. In this case, consumers will infer that any �rm that invests is a dirty �rm with
probability one, and therefore, in equilibrium no �rm invests.
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�rm chooses its price, and �nally, consumers decide whether to buy.

If the e¤ective marginal cost of the dirty type is lower than the clean type i.e., XD < XC then

in the signaling equilibrium the dirty type (which charges its own full information monopoly price)

earns higher pro�t than the pro�t earned by the dirty type if it imitates the higher price and lower

quantity of the clean type; otherwise, the dirty type will always imitate the clean type. The market

pro�t of the dirty type if it imitates the clean type is always larger relative to that of the clean

type as the e¤ective marginal cost of the dirty is lower than the clean type. Therefore, in this case,

a �rm has no incentive to invest in development of clean technology since the dirty type always

earns higher pro�t than the clean type; this continues to hold even if the cost of investment is zero.

However, if the cost structure is reversed i.e., XD > XC ; then the clean type earns higher pro�t in

the separating equilibrium. Therefore, under strong regulation when the e¤ective marginal cost of

the clean type is higher than the dirty type, a �rm endowed with dirty technology has an incentive

to invest in clean technology. Observe that for any t > tR (which implies XD > XC) as emission

price increases, the di¤erence between pro�ts earned by a clean type and a dirty type decreases.

Proposition 6 (i) If the emission price t � tR = mC�mD
�D��C

i.e., regulation is weak, a �rm does not

invest in cleaner technology (no matter how small the cost of investment f).

(ii) At any emission price t > tR = mC�mD
�D��C

i.e., if regulation is strong, and in addition, the cost of

investment f is not too large, then the �rm invests in development of clean production technology.

Proof. See Appendix.

The fact that at signi�cantly higher level of regulation
�
t > tR

�
the monopolist does have an in-

centive to invest in cleaner technology con�rms the fundamental claim of famous Porter Hypothesis

that "stringent regulation" induces "innovation".

Recall that the main objective of the paper is to critically examine the e¤ectiveness of environ-

mental regulation to motivate a monopolist to adopt cleaner technology where the market consists

of environmentally conscious consumers who are willing to pay more for the product produced by

the cleaner �rm though they are not aware of the actual technology used by the �rm. From the

above mentioned proposition it is clear that in order to promote green technological change in such

a market structure the level of regulation should be set above a critical level t = tR: In the rest of

this section, I intend to analyze how a �rm�s incentive to invest in cleaner technology changes with
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(exogenous) increase in emission price beyond this critical level.

The incentive to invest in cleaner technology is measured by the di¤erence in the expected pro�t

earned by the �rm if it invests in cleaner technology and the pro�t earned by the �rm if it does

not invest and thus remains dirty. Let �I denote the measure of the incentive to invest in cleaner

technology under incomplete information. For any emission price t 2
�
tR; tD

�
;

�I = ��D + (1� �)�FID � �FID

= �
�
�LC � �FID

�
where �D is the pro�t earned by the clean type and �FID is the (full information) pro�t earned by

the dirty type in the separating equilibrium. Further, �I can be decomposed as follows

�I = �
�
�D � �FIC

�
+ �(�FIC � �FID )

= �
�
�� +�

FI
�

�
where �FIC is the pro�t earned by the clean type under full information, �� = �D � �FIC is the

pro�t distortion due to signaling discussed at the end of Section 2, and �FI� = �FIC � �FID is the

measure of incentive to invest in cleaner technology under full information; pro�t distortion due

to signaling is negative at any emission price i.e., �� < 0; but when the regulation is strong�
t 2

�
tR; tD

��
the incentive to invest in cleaner technology under full information is positive i.e.,

�FI� > 0: The following expression represents the e¤ect of regulation on the incentive to invest in

cleaner technology:
@�I
@t

= �

�
@ (���)
@t

+
@�FI�
@t

�
:

Proposition 5 illustrates that for any emission price t 2
�
tR; tD

�
the absolute value of pro�t distor-

tion due to signaling decreases with an increase in emission price i.e., @(���)@t < 0. The e¤ect of the

increase in the level of regulation on the measure of incentive to invest in cleaner technology under

full information is given by
@�FI�
@t

= �Dq
FI
D � �CqFIC
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which implies that
@�FI�
@t

R 0 i¤ �D
�C

R qFIC
qFID

:

where qFID and qFIC are the full information equilibrium quantity produced by the dirty type and

the clean type respectively. Note that �D�C re�ects the relative emission by the dirty type and the

clean type. The emission per unit of output by the dirty type is greater than that of the clean type

i.e.,�D�C > 1; further, dirty type emits signi�cantly more than the clean type then this ratio �D
�C

is

large whereas it is close to one if the di¤erence in emission per unit of output is not signi�cant. For

any emission price t 2
�
tR; tD

�
; the equilibrium output produced by a clean type is greater than

that of the dirty type under full information i.e., qFIC > qFID and therefore, the ratio qFIC
qFID

is also

greater than one. Observe that if the elasticities of the demand curves for the dirty type and the

clean type are similar and (or) the di¤erence in the e¤ective marginal costs is small, then the ratio

of equilibrium quantities produced by the clean type and the dirty type in the full information

equilibrium
�
qFIC
qFID

�
is likely to be smaller than the relative emission by the dirty type and the

clean type
�
�D
�C

�
such that the incentive to invest goes up with increase in the emission price i.e.,

@�FI�
@t > 0: On the other hand, if the demand elasticities are signi�cantly di¤erent and (or) the cost

di¤erence is large then the ratio of full information quantities
�
qFIC
qFID

�
is more likely to be greater than

the relative emission intensity of the dirty and the clean type
�
�D
�C

�
and thus, the measure of the

incentive to invest in cleaner technology of a �rm under full information decreases with regulation

i.e., @�
FI
�
@t < 0. Therefore, for any emission price t 2

�
tR; tD

�
; the e¤ect of increase in emission price

on the incentive to invest in cleaner technology under incomplete information remains ambiguous

as it depends on the net e¤ect of increase in emission price on pro�t distortion due to signaling and

on the incentive to invest under full information. Note that, for any emission price t > tD; change

in the incentive of a �rm to invest in cleaner technology with increase in regulation is identical to

that of the full information case as the clean type charges its own full information monopoly price.

I provide the following numerical example to illustrate the above discussion of the e¤ect of

increase in emission price on the incentive to invest

Example 1 Let assign values to the parameters as follows: a = 20, �C = 0:1; �D = 0:2; mC = 0:5;

mD = 0:4; and � = 5 which imply that tR = 1; tD = 128:29; and tmax = 98:

In Figure 3, I plot emission price t on the horizontal axis and the measure of incentive to
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invest in cleaner technology under full information
�
�FI�

�
on the vertical axis; for t 2 [1; 98] ;

the incentive to invest in cleaner technology under full information
�
�FI�

�
increases with

increase in emission price. Figure 4, re�ects the inverse relation between pro�t distortion

due to signaling (��) and emission price. However, the e¤ect on emission price on incentive

to invest under full information dominates the opposing e¤ect of emission price on pro�t

distortion, and thus the net e¤ect on the incentive to invest in cleaner technology under

incomplete information (�I) increases with increase in emission price (see Figure 5).

Next, I consider another set of parameter values: a = 10, �C = 0:7; �D = 0:75; mC = 0:5;

mD = 0:4; and � = 2 which imply that tR = 2; tD = 19:35 and tmax = 12:8:

In this case for any emission price [2; 12:8], �FI� is a non-monotone function of emission price

(see Figure 6) whereas �� is a decreasing function (see Figure 7) which in turn leads to

a non-monotone relation between the incentive to invest under incomplete information and

emission price illustrated in Figure 8.

4 Conclusion

I consider a market where consumers have higher willingness to pay for the product produced by

cleaner technology but they di¤er in terms of their consciousness. This suggests that increase in

environmental consciousness among consumers motivates �rms to adopt cleaner technology. How-

ever, environmental groups often argue that the e¤ectiveness of environmental consciousness in

promoting green technological change is limited as consumers are unaware of the actual environ-

mental performance of the monopolist. There are several ways viz., eco-labeling or third-party

certi�cation in which the �rm can transmit the information to the consumers; but these mecha-

nisms are not available in every market and the information revealed via any of these is at best

partial. This argument then further goes on to suggest the need for mandatory disclosure of en-

vironmental performance. This paper is an attempt to critically analyze the e¤ect of information

and environmental regulation on a monopolist�s ex ante incentive to invest in cleaner technology.

In particular, the single seller signals its actual technology through its price. The paper mainly

focuses on the e¤ect of increasing regulation on the nature of signaling behavior of the �rm and the

incentive to invest in clean technology in the presence of high market power. I �nd that while a clean
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�rm charges higher price when regulation is weak, this may not hold when regulation is su¢ ciently

stringent. With weak regulation, a monopolist has no incentive to invest in the development of a

potentially less damaging technology even though consumers are willing to pay more for the clean

product; but this incentive is positive if regulation is strong enough. This implies that to promote

green technological change the regulatory authorities should impose an emission price at which the

e¤ective marginal cost of the clean type is lower than the dirty type. With weak regulation, the

incentive of the �rm to directly disclose its environmental performance (say, through eco-labeling)

rather than signal it through price is increasing in the level of regulation, but the opposite holds

when regulation is su¢ ciently stringent. Moreover, contrary to standard belief a small increase in

the level of regulation that drastically changes the relative cost structure of the dirty and the clean

type not only enhances consumer surplus but also reduces market power as well as the pro�t of the

�rm.

Appendix

Proof of Propositions 1 and 2

Propositions 1 and 2 follow from the following characterization of the equilibrium.

Lemma 1 For any t � tR; the unique separating equilibrium prices are

P �D = P
FI
D and P �C = maxfPFIC ; PUg

where P �D and P �C are the equilibrium price charged by the dirty type and the clean type

respectively, and

PU =
a�+XD

2
+
1

2

q
(�� 1)

�
a2��X2

D

�
;

For any t � tR there exists a separating equilibrium

P �D = P
FI
D and P �C = minfPFIC ; PLg

where

PL =
a�+XD

2
� 1
2

q
(�� 1)

�
a2��X2

D

�
:
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Proof: A clean type has no incentive to mimic the dirty type if it charges a price PC in the

equilibrium such that � (C; 1; PC) > �
�
C; 0; PFID

�
15 i.e., the clean type does not earn higher

pro�t when it imitates a dirty type, and this is possible when clean type charges a price PC

such that P � PC � P (incentive compatibility constraint of a clean type) where

P = PFIC � 1
2

q
(a��XC)2 � � (a+XD � 2XC) (a�XD) and

P = PFIC +
1

2

q
(a��XC)2 � � (a+XD � 2XC) (a�XD)

Observe that the incentive compatibility constraint for clean type is always satis�ed at

PC = PFIC when XD < XC . Similarly, a dirty type has no incentive to imitate the clean

type i.e., �
�
D; 0; PFID

�
> � (D; 1; PC) if the clean type charges a price PC such that either

PC � PU =
a�+XD

2
+
1

2

q
(�� 1)

�
a2��X2

D

�
or PC � PL =

a�+XD
2

� 1
2

q
(�� 1)

�
a2��X2

D

�
(incentive compatibility constraint of a dirty type). Note that

(�� 1)
�
a2��X2

D

�
> 0 since � > 1:

For any emission price t < tR ( =) XD < XC), PU < P and PL < P ; this implies that if

a clean type charges a price PC such that P � PC < PU then a dirty type has an incentive

to imitate the clean type. On the other hand, if a clean type charges a price below PL then

incentive compatibility constraint of a clean type implies that the clean type �nds it pro�table

to imitate the dirty type as PL < P: Therefore, a clean �rm cannot reveal its type by charging

a lower price than PU . In particular, if PFIC � PU then in the separating equilibrium a clean

type charges PFIC ; whereas, if PFIC < PU i.e.,

XC �XD <
q
(�� 1)

�
a2��X2

D

�
(3)

15Pro�t of a �rm is written as a function of type of the �rm, the probability that it is a clean type, and the price
charged by the �rm.
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then it charges PU (which is also the minimum upward signaling distortion price) in order to

deter the dirty type from imitating its higher price-lower quantity combination.

For any emission price t > tR ( =) XD > XC) ; P
U > P and PL > P ; this implies that if a

clean type charges a price above PU in order to deter dirty �rm from imitating its action, it

always has an incentive to imitate the dirty type�s higher price-lower quantity combination.

On the other hand, if a clean type charges a price PC such that PL < PC � P then a dirty

type has an incentive to imitate the clean type�s action Therefore, a clean cannot reveal its

type by charging a higher price than PL: In particular, P �C = minfPFIC ; PLg where PL is the

minimum (downward) signaling distortion price, and P �C = P
L if

XD �XC >
q
(�� 1)

�
a2��X2

D

�
: (4)

Note that the dirty type does not have any incentive to deviate to any price as

�
�
D; 0; PFID

�
> max

p
� (D; 1; p) =

(a�XD)
4�

2

:

Similarly, individual rationality constraint of the clean type is satis�ed i¤

� (C; 1; P ) > max
p
� (C; 0; p) =

(a�XC)
4

2

(P �XC)
�
a� P

�

�
� (a�XC)

4

2

> 0

=) P 2 � P (a�+XC) + �
(a+XC)

4

2

< 0

This implies that individual rationality constraint will be satis�ed for the clean type if the

price charged by the clean type

pC 2
�
a�+XC

2
� 1
2

q
(�� 1)

�
a2��X2

C

�
;
a�+XC

2
+
1

2

q
(�� 1)

�
a2��X2

C

��

Now, the upward distortion equilibrium price PU = a�+XD
2 + 1

2

q
(a�+XD)

2 � � (a+XD)2
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of the clean type

(a�+XC)

2
� 1
2

q
(�� 1)

�
a2��X2

C

�
< PU <

(a�+XC)

2
+
1

2

q
(�� 1)

�
a2��X2

C

�
and the downward distortion equilibrium price PL = a�+XD

2 � 1
2

q
(a�+XD)

2 � � (a+XD)2

charged by the clean type

(a�+XC)

2
� 1
2

q
(�� 1)

�
a2��X2

C

�
< PL <

(a�+XC)

2
+
1

2

q
(�� 1)

�
a2��X2

C

�
satisfy the individual rationality constraint as � > 1; XC �XD <

q
(�� 1)

�
a2��X2

D

�
when

P �C = P
U (from (3)); and XD �XC >

q
(�� 1)

�
a2��X2

D

�
when P �C = P

L (from (4)):

Proof of Proposition 3.

From Lemma 1; we know that for any t � tR in the unique separating equilibrium the clean

type charges a price P �C = maxfPFIC ; PUg. Now observe that PFIC � PU when t � tU =

tR �
q
(�� 1)

�
a2��X2

D

�
: We also know that for any t � tR the clean type charges a price

P �C = minfPFIC ; PLg in the unique separating equilibrium. PFIC R PL =) t Q tD = tR +q
(�� 1)

�
a2��X2

D

�
: Q.E.D.

Proof of Proposition 4

From Proposition 3, we know that for any t 2 [tU ; tR] P �C = PU and

�P = PU � PFIC =
XD �XC

2
+
1

2

q
(�� 1)

�
a2��X2

D

�
> 0 from (3) .

@�P
@t

=
�D � �C

2
� (�� 1)�DXD
2
q
(�� 1)

�
a2��X2

D

� > 0
a2�

�
1� �C

�D

�2
(�� 1) +

�
1� �C

�D

�2 >
�
mC �mD

�C
�D

�2
�
1� �C

�D

�2 (5)
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However, for any t 2 [tR; tD] P �C = PL,

�P = PFIC � PL = XC �XD
2

+
1

2

q
(�� 1)

�
a2��X2

D

�
> 0 from (4)

@�P
@t

=
�C � �D

2
� (�� 1)�DXD
2
q
(�� 1)

�
a2��X2

D

� < 0
Proof of Proposition 5

For any emission price t 2
�
tU ; tR

�
�� = �U � �FIC

=
�
PU �XC

��
a� P

U

�

�
� (a��XC)

4�

2

< 0

@��
@t

=
�
PFIC � PU

���C
4�
� 2
�

@PU

@t

�
> 0

For any emission price t 2
�
tR; tD

�
�� = �D � �FIC

=
�
PD �XC

��
a� P

D

�

�
� (a��XC)

4�

2

< 0

@��
@t

=
�
PFIC � PD

���C
4�
� 2
�

@PD

@t

�
< 0

Proof of Proposition 6

For t � tR since � (D; 0; P �D) > � (C; 1; P �C) , a �rm does not have any incentive to invest in

cleaner technology. However, for any t � tR � (C; 1; P �C) > � (D; 0; P �D) which implies a �rm will

invest in cleaner technology as long as f � �� (C; 1; P �C) + (1� �)� (D; 0; P �D) � � (D; 0; P �D) =

� [� (C; 1; P �C)� � (D; 0; P �D)] :
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