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Carbon policy in presence of a consumer-friendly firm.  
 

By 
 

Arturo García Martínez 
 
Abstract 
 

This dissertation studies the implications of the emergence of a consumer-friendly 

firm in a duopolistic polluting industry when the regulator can or not commit credibly 

to an environmental instrument, such as an emission tax or a tradable permits policy. 

The welfare and environmental consequences are examined. It also investigates the 

conditions under which one of these instruments is superior to the other. 

In the second chapter, the study considers a Cournot duopoly model with a 

consumer-friendly firm and analyzes the interplay between the strategic choice of 

abatement technology and the timing of government’s commitment to the 

environmental tax policy. We show that the optimal emission tax under committed 

policy regime is always higher than that under non-committed one, but both taxes 

can be higher than marginal environmental damage when the consumer-friendliness 

is high enough. We also show that the emergence of a consumer-friendly firm might 

yield better outcomes to both welfare and environmental quality without the 

commitment to the environmental policy. 

The third chapter considers the timing of environmental policies with a consumer-
friendly firm having abatement technology and compares two market-based 
regulatory instruments, tradable permits, and emission tax regulations. When the 
government can credibly commit its policy, we show that the equilibrium outcomes 
under both policies are equivalent in terms of permits price and tax rate. Under the 
non- committed policy, however, the equivalence breaks down because firms have 
opposite incentives to induce time-consistent policy to be adjusted ex-post. In 
particular, compared to pre-committed government, firms abate less emission to 
induce higher emission quotas under the permits policy while a consumer-friendly 
firm abates more emissions to reduce tax rate under the tax policy. Finally, we show 
that tax policy will result in higher welfare and lower environmental damage unless 
the concern on consumer surplus is considerable.
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Chapter 1.  
 
Introduction 
 
This dissertation examines the implications of the emergence of a consumer-friendly 
firm in a duopolistic polluting industry when the regulator can or not commit credibly 
to a market-based environmental instrument. The types of instruments considered 
are an emission tax or a tradable permits policy. A comparison between these 
instruments is made to determine the superiority of one of them.  
 
A consumer-friendly firm has a different objective than a for-profit (profit maximizer) 
firm. The first has an (altruistic) interest in consumer surplus, besides its own profits. 
There is a vast literature on mixed oligopolies where private profit-maximizing 
companies compete with a public company (maximizing the welfare of society). 
However, the rise of social responsibility has led researchers in Industrial 
Organization to consider this other type of mixed oligopoly, where private companies 
have different objectives.  
 

In this research, the firms’ interactions and the intervention of the government 
are modeled and analyzed through game theory. The decisions are made 
sequentially. Therefore, the games formulated are multi-level programming 
problems. 
 
1.1 Motivation 
 
There is extensive research that points to corporate social responsibility (CSR) as a 
fundamental part of the operations of companies. A socially responsible company 
makes its decisions not only based on maximizing its own profit but also taking into 
account other aspects, such as concern for the environment, workers or buyers. This 
work focuses on a social responsibility oriented to the consumer. Corporate altruism 
towards consumers is represented by including the benefits of consumers in the 
objective function of the company, that is, the company seeks to maximize a sum of 
its profit plus a portion of the consumer surplus. The strategic decisions of the 
consumer-friendly firm would be, then, different from those that would take if it were 
for-profit. The firm would be inclined to expand output1. In the case of polluting 
industry, the output expansion effect might not be desirable to the environment or 
the social welfare. Therefore, it is essential to investigate the presence of consumer-
friendly firm in a polluting industry when designing environmental regulation.  
 
However, it is also crucial for both companies and the government to understand the 
consequences of the latter not committing to a certain level of taxes or amount of 
emissions permits. Corporations invest large sums of money in abatement 
technology. If they cannot believe that the decision made by the government will not 
change due to political reasons, they will have to make strategic decisions based on 

                                                
1 This result has been found by Goering (2008), Flores and García (2016) among others.   
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the belief that the government will change regulation once they have chosen how 
much to invest. 
 
In the literature of environmental economics, the comparison of the effectiveness to 
reduce pollution and the welfare merits of between emission tax and emission trade 
system is an essential topic. In fact, the 2017 Handbook on Carbon Pricing contains 
a map that shows a large number of countries that have implemented at least one 
of the instruments mentioned above or have them under consideration. Even though 
the two instruments share many similarities, there are some theoretical and practical 
arguments regarding the equivalence of both instruments. This thesis attempts to 
answer if, indeed, these instruments are equivalent. We also consider the role played 
by the ability or inability of the government to commit itself credibly with a particular 
policy, to support the equivalence of both instruments. 

 
1.2 Problem Statement and Context 
 
This dissertation studies the implications of the emergence of a consumer-friendly 
firm in a duopolistic polluting industry when the regulator can or not commit credibly 
to an environmental instrument, such as an emission tax or a tradable permits policy. 
It also investigates the conditions under which one of these instruments is superior 
to the other. 
  
This thesis presents two mixed-duopoly studies characterized by the co-existence 
of a for-profit firm and a consumer-friendly firm which does not only aim to maximize 
its profit. A consumer-friendly firm displays pro-consumer interests (committing to 
increase production at a low price).  This altruistic interest of a firm is considered as 
one way of adopting Corporate Social Responsibility activities.     
 
Recently, incorporating CSR actions has become very widespread around the world. 
The ‘KPMG Survey of Corporate Responsibility Reporting 2017’ accounts that 78 
percent of the world’s largest companies include CSR information in their annual 
financial reports2. This represented a significant increase compared to 2011 when 
only 44% percent of the largest companies included CSR statistics in their annual 
reports. 
 
On the other hand, global warming is undeniably a worldwide problem. Besides the 
destabilization of the ecosystem and the increase of temperatures, it triggers social 
and health crises. Those responsible for public policy must take action on the matter. 
The discussion now focuses on which political instrument is best for society and the 
environment. According to the 2017 Handbook on Carbon Pricing emissions taxes 
and emissions trading or cap-and-trade systems (ETS) incentivize markets to reduce 
greenhouse gas (“GHG”) emissions (the main catalysts of climate change) while at 
the same time generating income that can be used productively. Many countries 
have carried out or are considering the use instruments above.3The implementation 

                                                
2 They refer to the world’s 250 largest companies by revenue based on the Fortune 500 ranking of 2016. 
3 In December 2015, 195 countries adopted the Paris Agreement on climate change. Mexico committed to 
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of these instruments in Mexico is recent. On the one hand, the carbon tax began to 
be applied to producers and importers of fossil fuels in 2014. On the other hand, the 
ETS is under examination. The Ministry of Environment and Natural Resources 
(SEMARNAT) and MEXICO2 developed a market exercise in which the conditions 
of an ETS are simulated. The exercise, divided into 3 phases, had its first phase in 
December 2017 and the third simulation began in May 2018. Participating in the 
simulation are companies such as Petróleos Mexicanos (Pemex), as well as others 
that operate in the oil and electricity industries, gas, cement, steel, mining, glass, 
aviation, and cellulose; according to the newspaper "The economist". 
 
The intention of the pricing policy mechanisms is for the private sector to reduce its 
emissions, which implies that companies invest large sums in abatement activities. 
These decisions are irreversible, which is why Helm et al. (2003) highlight the 
importance of the credibility of the government in establishing environmental policy.  
The government cannot always credibly commit itself to a political instrument. 
Elections or changes in administration make the decisions of politicians susceptible 
to being changed. The companies, therefore, have to make their decisions 
considering the possibility that the government increased the regulation. 
 
The previous literature (Petrakis and Xepapadeas (1999), Poyago-Theotoky and 
Teerasuwannajak (2002) and Moner-Colonques and Rubio (2015)) addresses this 
time inconsistency-problem considering only pure oligopolies (profit-maximizer 
firms). However, this thesis takes into account the co-existence of consumer-friendly 
firms and for-profit firms. 
 
1.3 Research Questions 
 
In the occurrence of an environmental problem,  this dissertation investigates the 
effects of the emergence of a consumer-friendly firm when the regulator can or not 
commit credibly to an environmental policy. The questions that each study 
addresses are the followings: 
 
Particularly,  
 
What is the relationship between the consumer-friendliness and the tax? How is the 
tax compared to marginal environmental damage?  
When the government uses a tax system, how the consumer-friendliness affects 
environmental damage comparing a committed vs. a non-committed regime? 
If the regulator is unable to commit credibly to a level of any of the instruments, how 
consumer-friendliness affects the welfare and environmental quality? 
Which instrument are welfare and environmental superior under a committed 
regime? Which one is superior under a non-committed regime? 
1.4 Solution Overview 
 

                                                

reduce 22% of its GHG emissions by 2030. 
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To analyze the consequences of the implementation of a certain political 
instrument, some duopoly games are proposed. The modeling of the 
interaction of the firms and the government is based in Game Theory. The 
following chapters study models in which decision-makers are fully informed 
about all previous actions. The games and their elements are described 
below: 
 
Two polluting companies (players) choose outputs to satisfice the market 
demand. They also choose the level of investment in certain technology to 
abate emissions and thus comply with certain regulations. The regulation is 
established by a third agent, the government. Companies differ in their 
objectives: the for-profit firm aims to maximize its profit, while the consumer-
friendly firm wants to maximize a combination of its profit and the consumer 
surplus. The government, as a third player, decides the environmental tax rate 
or the emission permit level in order to maximize social welfare. 
 
Decisions are made sequentially, so the games become multi-level 
programming problems. Two policy regimes are analyzed to examine the 
interplay between the strategic choice of abatement technology and the timing 
of government’s commitment to the environmental regulation. Each regime 
corresponds to a three-level game between a welfare-maximizing regulator 
and the two firms where the role of the leader and the follower are exchanged.  
 

In the committed regime, the government is the leader, and the firms are 
followers. While, in the non-committed policy regime, both firms are leaders 
when choosing their abatement strategy and the government plays as the 
follower. Specifically: 
 
The committed game:  
 
1st . The leader is the regulator, which establishes the environmental 

instrument level (either the tax rate on emissions or the amount of 
emission permits) that maximizes the welfare of society. 

2nd. The followers are the firms, given the instrument level, choose the 
abatement investment simultaneously and independently. They do this so 
that they maximize their objective functions. 

  
 
The non-committed policy game:  
 
1st . The leaders are the firms. They choose the abatement investment-

simultaneously and independently- to maximize their objective functions. 
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2nd. The follower is the regulator. Given the abatement levels, the regulator sets 

the environmental instrument level that maximizes the welfare of 
society. 

 
In both kinds of regime, there is a 3rd stage. At the last stage the firms, given the 

abatement investment and the instrument level, select their production output in a 

Cournot competition game, so that they maximize their objective functions. The 

difference between this game and the original model introduced by A. Cournot in 

1838 is that one of the firms is not a for-profit firm but a consumer-friendly firm.  

Subgame perfect equilibrium 
 
A dynamic game is one that is played over a number of time 
periods. A perfect subgame balance (SPE) is a solution concept for dynamic games. 
The SPE concept, a refinement of ordinary game theoretic equilibrium (Nash,1951), 
was proposed by Reinhard Selten in 1965. The solution to the game, that is, the 
strategy profile of the players, is an SPE if it represents Nash equilibrium in each 
subgame of the game.  
 

The method used in this thesis to find the SPE in the multi-level programming 

problems is backward induction. This is a dynamic programming technique, which 

consists of first solving the last stage of the problem and continuing until reaching 

the first stage. 

To determine the consequences of the time of the government’s commitment to the 

tax policy, the second chapter compares the tax rate, welfare and environmental 

damage corresponding to the SPE of each regime. The third chapter compares the 

results obtained with a tax and an emissions trade system. 

 

1.5 Main Contributions 
 

We have considered CSR initiatives of the firms and examined the timing of 

government’s commitment to the environmental policies (tradable permits and 

emission tax). In chapter two it is shown that the optimal emission tax under the 

committed policy regime is always higher than that under the non-committed one, 

but both taxes can be higher than marginal environmental damage when the 

consumer-friendliness is high enough. It is also proved that the emergence of a 

consumer-friendly firm might yield better outcomes to the welfare and environmental 

quality without the commitment to the environmental policy under certain conditions. 

In chapter three it is shown that the equilibrium outcomes under both policies are 

equivalent in terms of permits price and tax rate only when the government can 

credibly commit its policy. Under the non-committed policy, however, the 

equivalence breaks down because firms have opposite incentives to induce time-
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consistent policy to be adjusted ex post. In particular, compared to pre-committed 

government, firms abate less emission to induce higher emission quotas under the 

permits policy while a consumer-friendly firm abates more emissions to reduce tax 

rate under the tax policy. Finally, it is proved that tax policy will result in higher welfare 

and lower environmental damage unless the concern on consumer surplus is large. 

 

1.6 Dissertation Organization  
 

The remainder of this thesis is organized as follows. Chapter 2 considers a Cournot 

duopoly model with a consumer-friendly firm and analyzes the interplay between the 

strategic choice of abatement technology and the timing of government’s 

commitment to the environmental tax policy. Chapter 3 considers the timing of 

environmental policies with a consumer-friendly firm having abatement technology 

and compares two market-based regulatory instruments, tradable permits, and 

emission tax regulations. Lastly, concluding remarks are presented, as well as the 

future research in chapter 4  

Additionally, in the appendix section, referring to Chapter 2, an extra case is shown 

in which the consumer-friendly company also has interest in environmental 

damage; while regarding chapter 3 it is analyzed tradable emission permits with a 

discriminatory quota. 
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Chapter 2  
 

The Timing of Environmental Tax Policy with a Consumer-
Friendly Firm 
 

Hitotsubashi Journal of Economics 

 
By Mariel Leal, Arturo García, Sang-Ho Lee 

 
 

 

2.1 Introduction 
 
Recently, a large number of companies participated in fair trade or greenhouse gas 
reduction programs and issued various statements on corporate social responsibility 
(CSR) and outlined activities in their annual reports.4 Due to the current expansion 
of CSR, many industries are characterized by the co-existence of for-profit firms and 
not-for-profit firms. Thus, the heterogeneity of objectives among the firms emerges 
as an essential research topic in the literature.5 
 
Numerous theoretical studies have formulated models for analyzing the CSR 
activities in different competition models.6 In the fields of public economics and 
industrial organization, many studies considered an oligopoly model where profit-
maximizing firms compete with their rival firms that adopt CSR activities. In 
particular, as one way of adopting CSR initiatives, they utilized consumer surplus as 
a proxy of CSR concern and define the objective of the firm as a combination of 
consumers surplus and its profits. Then, the firms put a higher weight on output in 
an oligopoly, which induces rivals to reduce their output and thus profits can be 
higher for a firm which adopts CSR activities.7 Thus, the firm may strategically use 
CSR initiative as a commitment to expand the outputs and thus the firm that adopts 
CSR obtains higher profits than its profit-seeking competitors and induces a higher 
level of social welfare. However, these results put aside the environmental policy, 
which is becoming an essential part of contemporary economies. As pointed out 
Lambertini and Tampieri (2015) and Garcia et al. (2018), in the presence of an 
environmental problem, firms concern on CSR (and thus committing a higher output) 
might be neither profitable to the firms nor desirable to the society. 
 
In the process of policy-making, on the other hand, the ability of a government to 
commit credibly to an environmental policy has significant implications to support the 
superior welfare properties associated with a committed policy. Due to the political 

                                                
4 See CSR trend report by PricewaterhouseCoopers (2010) and KPMG (2013, 2015). 
5 For example, Chirco et al. (2013), Matsumura and Ogawa (2014), Flores and Garcia (2016) and Cho and Lee (2017) showed 
that behavioral heterogeneity may produce different market structure. 
6 In the CSR literature, see Goering (2012, 2014), Kopel and Brand (2012), Brand and Grothe (2013, 2015), Nakamura (2014), 
Chang et al. (2014), Kopel (2015) and Matsumura and Ogawa (2014, 2017) among others. 
7 The approach that CSR concerns account for consumer surplus is very closely related to the literature on strategic 
delegation and sales targets for managers in oligopolies, as suggested by Fershtman and Judd (1987) and Vickers (1985).  
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reason, however, if the regulator cannot commit credibly to the stringency of the 
policy instrument, firms have strategic incentives because the regulator has an ex-
post possibility to ratchet up regulation.8 Petrakis and Xepapadeas (1999), Poyago-
Theotoky and Teerasuwannajak (2002) and Moner-Colonques and Rubio (2015) 
examined environmental taxation under the time inconsistency problem when the 
regulator is not able to commit credibly and showed an interesting result that firms 
undertake increased abatement activities generating less pollution, which might 
result in higher welfare. However, they concentrated on the symmetric case of 
homogeneous objectives where both firms only maximize their profits under 
environmental policies. However, asymmetric equilibrium can produce the same 
incentive to ratchet down the regulation and increase profits and welfare under 
efficient abatement technology. In the present chapter, we complement and 
elucidate these works by examining the role of CSR that can play in designing of 
environmental policy under asymmetric equilibrium. 
 
In this chapter, we consider a quantity-setting Cournot duopoly model with 
heterogeneous objectives between firms where a consumer-friendly firm competes 
with a for-profit firm emitting pollutants in the presence of emission tax.9 We then 
analyze the interplay between the strategic choice of abatement technology and the 
timing of government’s commitment to the environmental policy. In specific, we 
consider the ability of the environmental regulator to commit credibly or not to an 
emission tax, and examine the properties of either committed or non-committed 
regime regarding environmental policy. In the former case of the committed policy 
regime, the regulator sets the emission tax then the firms, taking the tax rate as 
given, choose abatement investment. In the latter case of the non-committed policy 
regime, firms first select their abatement levels and then the regulator sets the 
emission tax. Thus, under the non-committed policy regime, when an emission tax 
is chosen firms would expect the regulator to change it after they have determined 
their investment in abatement. We investigate this time-inconsistency problem in 
deciding environmental policy in the presence of a consumer-friendly firm. 
 
The main findings we obtain are as follows: Regarding positive implications on 
emission taxes, we show that the tax rate under the committed policy regime is 
always higher than that under the non-committed one, but both emission taxes can 
be higher than marginal environmental damage when the consumer-friendliness is 
high enough. It represents that the strategic incentive of innovation will ratchet down 
the regulator’s ex-post possibility to decide tax rate, which is dependent on the 
strategic relationship between the firms. In particular, as the concern on consumer 
surplus rises, a consumer-friendly firm produces more outputs aggressively, which 
increases total outputs and total emissions even under higher abatement levels. 
Thus, irrespective of policy regimes, the optimal emission tax will be higher than 
Pigouvian level. This sharply contrasts to the previous result in the private market 
where firms have homogeneous payoffs under environmental taxation. For example, 
                                                
8 See, for example, Gersbach and Glazer (1999), Requate and Unold (2003) and D'Amato and Dijkstra (2015) for a 
commitment issue regarding environmental regulation. 
9 Similar market configuration can be found in the literature on mixed oligopolies where the objectives between public and 
private firms differ. Recent works on mixed markets with environmental tax policies can be found in Wang and Wang (2009), 
Pal and Saha (2014), Pal and Saha (2015), Xu et al. (2016), Kim et al. (2017) and Lee and Xu (2017) among others. 
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Shaffer (1995) and Lee (1999) showed that the optimal emission tax should be lower 
than marginal environmental damage under oligopolistic competition.10 
 
Regarding normative implications on the two policy regimes, we also show that the 
non-committed policy regime can induce the firms to decide not only more outputs 
and higher profits but also more abatement and lower emission than under the 
commitment when the consumer-friendliness is high and the efficiency of abatement 
technology is not so high. Therefore, a consumer-friendly firm under the non-
committed policy regime might yield better outcomes to the welfare and 
environmental quality as well. It implies that the heterogeneity of objectives between 
the firms is significant in designing of environmental policies.11 
 
The remainder of this Chapter is organized as follows. In Section 2.2, we formulate 
a Cournot duopoly model with a consumer-friendly firm having abatement 
technology. We analyze the committed and non-committed policy regimes, 
3.respectively, in Sections 2.3 and 2.4. In Section 2.5, we compare the results and 
provide main findings. We conclude the Chapter with Section 2.6. 
 
2.2 The Model’s Description 
 
We consider a quantity-setting Cournot duopoly model.12 One of the firms is a 
consumer-friendly (CF) firm (hereafter referred to as firm 0 ) that cares for not only 

its profits but consumers surplus. The other is a for-profit (FP) firm (hereafter referred 

to as firm 1) that maximizes only its profits. Firms sell homogeneous output, 
0 > 0q  

and 
1 > 0q , respectively, at the market clearing price ( ) = 1p Q Q  where 

0 1=Q q q . 

We assume that both firms have identical production costs of the form, 21
( ) =

2
i ic q q , 

{0,1}i . 

Production leads to pollution, > 0ie , but each firm can reduce pollution by 

undertaking abatement activities. Suppose that firm i  chooses pollution abatement 

level > 0ia . Then, the emission level can be reduced to =i i ie q a  by investing an 

amount of 2( )
2

i

k
a  in abatement, which is characterized by decreasing returns.13 Note 

that a lower value of 𝒌 implies higher efficiency of the abatement technology. 
The extent of environmental damage due to pollution by the industry is given by 

                                                
10 In the literature on environmental taxation, the rationale for a higher or lower optimal tax level depends on the relative 
effects of distortions, such as market powers between the related markets with abatement technologies, excessive or 
insufficient entry, and externality. See, for example, Canton et al. (2005), Requate (2007) and Lee and Park (2011) among 
others. 
11 In the literature on CSR, different approaches on the objectives of a consumer-friendly firm emitting emissions have been 
proposed. For example, Liu et al. (2015), Lambertini and Tampieri (2015) and Garcia et al. (2018) considered net consumer 
surplus or different weights on consumer surplus and environmental damages in the objectives of the firms with CSR-
initiatives, while Lee and Park (2017) and Hirose et al. (2017) emphasized environmental damages only. In Appendix A.3, 
we examine the case in Liu et al. (2015) where the consumer-friendly firm cares for net consumer surplus and show that 
most findings in the analysis hold. 
12 Our model could be extended to the oligopoly model without further insights gained. 
13 The particular choice of the end-of-pipe technology in the specification of the pollution generation process is made for the 
sake of simplifying the analysis where there is no strategic effect under the committed regime. 
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2

=
2

ii
e

ED


, where the marginal environmental damage is = ii
MED e . The 

government imposes an environmental tax on the emission level, for which the 

uniform tax rate is t . The total tax revenue is = ii
T t e . 

The profit of CF firm is given by 2 2

0 0 0 0 0

1
=

2 2

k
p q q t e a      . We assume that the CF 

firm maximizes profits plus a fraction of consumer surplus ( )CS . Thus, the payoff 

that CF firm maximizes is as follows:  
  

 𝑉0 = 𝜋0 + 𝜃𝐶𝑆 (2.1) 

where 
2

=
2

Q
CS . The parameter (0,1)   measures the degree of concern on 

consumer surplus that the CF firm has, which is exogenously given. 
 
The FP firm seeks only for profit maximization:  
   

𝜋1 = 𝑝 ⋅ 𝑞1 −
1

2
𝑞1

2 − 𝑡 ⋅ 𝑒1 −
𝑘

2
𝑎1

2                                                                                  (2.2) 

 
The social welfare is the sum of consumer surplus, CS, the profits of both firms, 

0 1  , and tax revenue, T , minus environmental damage, ED :  

 𝑊 = 𝐶𝑆 + 𝜋0 + 𝜋1 + 𝑇 − 𝐸𝐷 (2.3) 

  
To guarantee non-negative emissions in the analysis, we assume the followings: 
 
A2.1. The efficiency parameter of abatement technology is such that  

 2 3 4 21
( ) = 400 544 248 8 (20 20 ) .

4(2 )
k k       


       


 

Note that (0) = 0k  and ( )k   increases on  . 

 
We shall consider two alternative policy regimes, each featuring a three-stage game 
between a welfare-maximizing regulator and firms, to examine the properties of 
either a committed or a non-committed policy regime regarding environmental policy. 
In the former case of the committed policy regime, the regulator sets the emission 
tax then the firms, taking the tax rate as given, choose abatement investment 
simultaneously and independently. In the latter case of the non-committed policy 
regime, firms first select their abatement levels and then the regulator sets the 
emission tax. Finally, in both regimes, the firms select outputs in the third stage. 
 
2.3 The Committed Policy Regime 
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In the third stage, firms 𝟎 and 𝟏 choose their outputs to maximize (2.1) and (2.2), 

respectively, given the emission tax rate, 𝒕 . Using the first-order conditions we get 
the following equilibrium output level of each firm and total outputs: 
 

                    𝑞0 =
(1 − 𝑡)(2 + 𝜃)

2(4 − 𝜃)
, 𝑞1 =

(1 − 𝑡)(2 − 𝜃)

2(4 − 𝜃)
, 𝑄 =

2(1 − 𝑡)

4 − 𝜃
 (2.4) 

Note that each firm´s output decreases in the emission tax. Also if the concern on 
consumer surplus rises, the CF firm is more aggressive and thus increases its output 
while the FP firm decreases the output. However, the total outputs increases. 
In the second stage, firms choose abatement efforts to maximize their payoffs. Firm 
𝟎  chooses 𝒂𝟎  that maximizes (2.1) while firm 𝟏 chooses 𝒂𝟏 that maximizes (2.2). 
Solving these problems gives the equilibrium abatement level as a function of the 
tax:  

𝑎𝑖 =
𝑡

𝑘
, 𝑖 ∈ {0,1} (2.5) 

that defines a positive relationship between abatement and the emission tax. Note 
that there is no strategic interaction between the firms. 
In the first stage, the government sets the emission tax that maximizes social welfare 
in (2.3). Solving the first-order condition yields the optimal emission tax, which is 
given by14 
 

                 𝑡𝑐 =
𝑘(8(4 − 𝜃) + 𝑘(2 + 𝜃)2)

𝐷
 (2.6) 

where    2 2 2 2= 20 4 32 12 8(4 ) > 0D k k         . We employ superscript c to 

denote the equilibrium under the committed policy regime. From (2.6) the equilibrium 
output, abatement and emission levels are obtained: 
 

𝑞0
𝑐 =

2(2 + 𝑘)(4 − 𝜃 + 𝑘)(2 + 𝜃)

𝐷
 

𝑞1
𝑐 =

2(2 + 𝑘)(4 − 𝜃 + 𝑘)(2 − 𝜃)

𝐷
 

𝑎0
𝑐 = 𝑎1

𝑐 =
8(4 − 𝜃) + 𝑘(2 + 𝜃)2

𝐷
 

𝑒0
𝑐 =

4𝑘(5 + 𝑘) + 2(8 + 2𝑘 + 𝑘2)𝜃 − (4 + 3𝑘)𝜃2

𝐷
 

(2.7) 

                                                

14 Solving this problem gives the following first order condition: −
𝒅𝑬𝑫

𝒅𝒕
= −(𝟏 − 𝑸(𝒕))

𝒅𝑸

𝒅𝒕
+ ∑ 𝒒𝒊(𝒕)

𝒅𝒒𝒊

𝒅𝒕

𝟏

𝒊=𝟎
+ 𝒌 ∑ 𝒂𝒊(𝒕)

𝒅𝒂𝒊

𝒅𝒕

𝟏

𝒊=𝟎
 

where the left-hand side measures the marginal benefit of taxation that is given by the reduction in environmental damages 
associated to an increase in the emission tax rate and the right-hand side the marginal cost of taxation that has three 
components: the decrease in consumer surplus coming from the fall in output market, the decrease in the output of each firm, 
the raise in investment costs all caused by an increase in the emission tax rate. 
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𝑒1
𝑐 =

4𝑘(5 + 𝑘) − 2(8 + 10𝑘 + 𝑘2)𝜃 + (4 + 𝑘)𝜃2

𝐷
 

  
In equilibrium under the committed policy regime, the CF firm’s output is larger than 
that of the FP firm’s, but both firms make the same abatement effort; therefore the 
CF firm’s emission level is also larger than its rival’s. Note that 𝛛𝒒𝟎

𝒄 𝛛𝜽⁄ > 𝟎, 

𝛛𝒒𝟏
𝒄 𝛛𝜽⁄ < 𝟎 and 𝛛𝒂𝒊

𝒄 𝛛𝜽⁄ > 𝟎, 𝒊 ∈ {𝟎, 𝟏}  for any 𝜽𝝐(𝟎, 𝟏). 

 
Finally, we have the resulting profits of the firms, environmental damage, and social 
welfare:  
  

𝜋0
𝑐 =

4(2 + 𝑘)2(4 + 𝑘 − 𝜃)2(2 + 𝜃)(6 − 5𝜃) + 𝑘(8(4 − 𝜃) + 𝑘(2 + 𝜃)2)2

2𝐷2
 

𝜋1
𝑐 =

12(2 + 𝑘)2(4 + 𝑘 − 𝜃)2(2 − 𝜃)2 + 𝑘(8(4 − 𝜃) + 𝑘(2 + 𝜃)2)2

2𝐷2
 

𝑀𝐸𝐷𝑐 =
2𝑘(20 + 4𝑘 − 8𝜃 − 𝜃2)

𝐷
 

𝐸𝐷𝑐 =
2𝑘2(20 + 4𝑘 − 8𝜃 − 𝜃2)2

𝐷2
 

𝑊𝑐 =
(2 + 𝑘)(4𝑘 + (2 − 𝜃)(10 + 𝜃))

𝐷
 

(2.8) 

  
  
Proposition 2.1 Let assumption A2.1 be accepted. Under the committed policy 

regime, 1 0<c c   for any (0,1)  . 

 
It states that in equilibrium under the committed policy regime, the profit of CF firm 
is always larger than that of FP firm because the CF firm is more aggressive in 
production, which induces less production of FP firm.15 
 
Proposition 2.2  Under assumption A2.1,  the committed policy regime implies:16  
 

    1.   𝒕𝒄 <

>
𝑴𝑬𝑫𝒄 if 𝜽

<

>
𝟐(−𝟏 + √𝟐) ≈ 𝟎. 𝟖𝟐𝟖; 

 

    2.    
𝝏𝒕𝒄

𝝏𝜽
> 𝟎 and 

𝝏(𝑴𝑬𝑫𝒄−𝒕𝒄)

𝝏𝜽
< 𝟎 for any 𝜽𝝐(𝟎, 𝟏); 

 

                                                
15 For more discussion on this point, see Lambertini and Tampieri (2015) and Garcia et al. (2018). 
16 The proofs are provided in Appendix A.2 with the comparable figures, instead of formal mathematics, if it is not 
straightforward. 
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    3.    
𝝏𝑬𝑫𝒄

𝝏𝜽
≥ 𝟎 and 

𝝏𝑾𝒄

𝝏𝜽
≥ 𝟎 if and only if   1

0 < 9 65 0.468
2

     and 

4 8
( ) =ck k







 , where    1 1

9 65 = 9 65
2 2

ck k
   

    
   

 . 

  
Item 1 of Proposition 2.2 states that as like the results in the previous literature on 
the oligopoly model with emission tax, with a small degree of consumer-friendliness 
the emission tax under the committed regime is lower than the marginal 
environmental damage.17 But the tax rate increases as 𝜽 increases and thus, 
interestingly, the opposite result occurs with a high value of 𝜽. Therefore, as the 
concern on consumer surplus rises, a consumer-friendly firm produces more outputs 
aggressively, which increases total outputs and total emissions even under higher 
abatement levels. Thus, the optimal emission tax will be higher than marginal 
environmental damage. Finally, item 3 of Proposition 2.2 states that both welfare 
and environmental damage are simultaneously decreasing or increasing depending 
on the values of 𝜽 and 𝒌. This result represents a typical trade off between welfare 
and environmental damage in the literature. 
 
2.4 The Non-Committed Policy Regime 
 
The last stage in production is the same as in the previous committed policy regime. 
In the second stage, the regulator chooses the welfare maximizing emission tax 
taking as given the firms’ abatement levels. The first order condition of this problem 
yields 
 

𝑡 =
(2 + 𝜃)2 − 4(4 − 𝜃)(𝑎0 + 𝑎1)

20 + 𝜃2
 (2.9) 

   
This expression defines an inverse relationship between firms’ abatement 
investments and the emission tax, that is, the regulator decreases the emission tax 
rate in response to an increase in the firms’ abatement levels. Thus, firms can 
strategically use its choice of abatement to influence taxation: by increasing 
investment in emission-reducing activities, the firms can expect a lower emission 
tax. Also as the concern on consumer surplus increases so does the emission tax. 
In the first stage, firms choose their abatement efforts taking into account how the 
regulator is going to respond. Firm 𝟎 chooses 𝒂𝟎 that maximizes (2.1) while firm 𝟏 
chooses 𝒂𝟏  that maximizes (2.2). Solving these problems gives the following 
reaction functions: 
 

𝑎0 =
128 + 128𝜃 + 4𝜃2 + 4𝜃3 + 𝜃4 − 4(68 − 32𝜃 + 9𝜃2 − 𝜃3)𝑎1

592 − 208𝜃 + 52𝜃2 − 8𝜃3 + 𝑘(20 + 𝜃2)2
 (2.10) 

                                                
17 For example, Shaffer (1995) and Lee (1999) examined the blockaded-entry and free-entry models, respectively, and showed 
that the optimal emission tax might fall short of marginal environmental damage. Further analysis on the rationale for a higher 
or lower optimal tax level, see Canton et al. (2005), Lee and Park (2011) and Requate (2007) among others. 
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         𝑎1 =
128 + 32𝜃 + 36𝜃2 + 4𝜃3 + 𝜃4 − 4(68 − 8𝜃 + 𝜃2 − 𝜃3)𝑎0

592 − 112𝜃 + 20𝜃2 − 8𝜃3 + 𝑘(20 + 𝜃2)2
 

Since the slope of the reaction functions is negative, abatement efforts are strategic 
substitutes. This is in contrast to the commitment case where 𝛛𝒂𝒊 𝛛𝒂𝒋⁄ = 𝟎. Solving 

the reaction functions we derive the following equilibrium abatement efforts: 
 

𝑎0
𝑛𝑐 =

4(512 + 864𝜃 − 272𝜃2 + 36𝜃3 − 8𝜃4 − 𝜃5) + 𝑘(20 + 𝜃2)(128 + 128𝜃 + 4𝜃2 + 4𝜃3 + 𝜃4)

𝑁
 

                𝑎1
𝑛𝑐 =

4(512 − 480𝜃 + 272𝜃2 − 44𝜃3 + 8𝜃4 − 𝜃5) + 𝑘(20 + 𝜃2)(128 + 32𝜃 + 36𝜃2 + 4𝜃3 + 𝜃4)

𝑁
 

(2.11) 

  

where     
2

2 2 3 2= 4(4 ) 20 > = 864 240 56 12 20 > 0N k H H k              . 

We also employ superscript nc to denote the equilibrium under the non-committed 
policy regime. 
 
Proposition 2.3  Let A2.1 be true. Under the non-committed policy regime, one has

0 1>nc nca a  for any (0,1)  . 

 
It states that CF firm is more aggressive in investing abatement technology, which 
induces a larger amount of total abatement under the non-committed policy regime. 
Note that  𝛛𝒂𝟎

𝒏𝒄 𝝏𝜽⁄ > 𝟎 and 𝛛(𝒂𝟎
𝒏𝒄 + 𝒂𝟏

𝒏𝒄) 𝝏𝜽⁄ > 𝟎 for any 𝜽𝝐(𝟎, 𝟏). 

The optimal emission tax is:  
  

𝑡𝑛𝑐 =
𝑘(2 + 𝜃)2(20 + 𝜃2) − 4(8 − 12𝜃 − 2𝜃2 + 𝜃3)

𝐻
 (2.12) 

  

From (2.4) and (2.12) the equilibrium output and emission levels are obtained: 
 

𝑞0
𝑛𝑐 =

2(2 + 𝜃)(𝑘(20 + 𝜃2) + 2(28 − 2𝜃 + 𝜃2))

𝐻
 

𝑞1
𝑛𝑐 =

2(2 − 𝜃)(𝑘(20 + 𝜃2) + 2(28 − 2𝜃 + 𝜃2))

𝐻
 

𝑒0
𝑛𝑐 =

2𝑘2(20 + 𝜃2)2(2 + 𝜃) + 𝑘(20 + 𝜃2)(160 − 16𝜃 − 12𝜃2 − 𝜃4) + 4(384 − 704𝜃 + 176𝜃2 − 20𝜃3 + 4𝜃4 + 𝜃5)

𝑁
 

𝑒1
𝑛𝑐 =

2𝑘2(2 − 𝜃)(20 + 𝜃2)2 + 𝑘(20 + 𝜃2)(160 − 208𝜃 − 12𝜃2 − 8𝜃3 − 𝜃4) + 4(384 − 256𝜃 − 80𝜃2 + 12𝜃3 − 4𝜃4 + 𝜃5)

𝑁
 

(2.13) 

  
In equilibrium under the non-committed policy regime, the CF firm’s output and 
abatement levels are larger than those of the FP firm. Thus, the emissions generated 
by the firms depend on 𝜽 and 𝒌. 
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Proposition 2.4  Under assumption A2.1, the non-committed policy regime provides 

0 1

nc nce e  if and only if 0 < 0.33e    and ( )ek k  , where ( )ek   satisfies that 

0 1( ; ) = ( ; )nc nc

e ee k e k   and ( ) = ( )e e ek k  .  

  
It states that the emissions generated by the CF firm can be less than those 
generated by the FP firm if its consumer-friendliness is low and the efficiency of 
abatement technology is relatively high. Note that 𝛛𝒒𝟎

𝒏𝒄 𝛛𝜽⁄ > 𝟎 and 𝛛𝒒𝟏
𝒏𝒄 𝛛𝜽⁄ < 𝟎 for 

any 𝜽𝝐(𝟎, 𝟏). 
 
Finally, we have the resulting profits of the firms, environmental damage, and social 
welfare:18 

𝜋0
𝑛𝑐 =

𝜌4(𝜃)𝑘4 + 𝜌3(𝜃)𝑘3 + 𝜌2(𝜃)𝑘2 + 𝜌1(𝜃)𝑘 + 𝜌0(𝜃)

2𝑁2
, 

𝜋1
𝑛𝑐 =

𝜆4(𝜃)𝑘4 + 𝜆3(𝜃)𝑘3 + 𝜆2(𝜃)𝑘2 + 𝜆1(𝜃)𝑘 + 𝜆0(𝜃)

2𝑁2
, 

𝑀𝐸𝐷𝑛𝑐 =
2(96 − 96𝜃 − 12𝜃2 − 4𝜃3 − 𝜃4 + 4𝑘(20 + 𝜃2))

𝐻
, 

𝐸𝐷𝑛𝑐 =
2(96 − 96𝜃 − 12𝜃2 − 4𝜃3 − 𝜃4 + 4𝑘(20 + 𝜃2))

2

𝐻2
, 

𝑊𝑛𝑐 =
𝜎4(𝜃)𝑘4 + 𝜎3(𝜃)𝑘3 + 𝜎2(𝜃)𝑘2 + 𝜎1(𝜃)𝑘 + 𝜎0(𝜃)

𝑁2
 

(2.14) 

 
Proposition 2.5  Let assumption A2.1 be fulfilled. Under the non-committed policy 

regime, 1 0

nc nc   if and only if 10 < ( )s k   where 1 1 0 1( ; ) = ( ; )nc nc

s sk k      and 

1 ( ) 0.9428s k  . 

   
It states that in equilibrium under the non-committed policy regime, the profit of CF 
firm can be larger than that of FP firm if the consumer-friendliness is not so high. It 
implies that concerning a certain portion of consumer surplus is beneficial to a CF 
firm irrespective of the timing of the commitment to the environmental policy. 
 
Proposition 2.6 Under assumption A2.1, the non-committed policy regime yields: 
  

    1.  𝒕𝒏𝒄 <

>
𝑴𝑬𝑫𝒏𝒄 if 𝜽

<

>
𝟐(−𝟏 + √𝟐) ≈. 𝟖𝟐𝟖; 

 

    2.  
𝝏𝒕𝒏𝒄

𝝏𝜽
> 𝟎 and 

𝝏(𝑴𝑬𝑫𝒏𝒄−𝒕𝒏𝒄)

𝝏𝜽
< 𝟎 for any 𝜽 ∈ (𝟎, 𝟏); 

 

    3.  
𝝏𝑴𝑬𝑫𝒏𝒄

𝝏𝜽
< 𝟎 and 

𝝏𝑬𝑫𝒏𝒄

𝝏𝜽
< 𝟎 for any 𝜽 ∈ (𝟎, 𝟏); 

 

                                                
18 For the sake of expositional convenience, we provide 𝝆𝒊(𝜽), 𝝀𝒊(𝜽) and 𝝈𝒊(𝜽) in Appendix A.1. 
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    4. 0
ncW







 for any 0 < 0.489W

nc
    if and only if ( )W

nc
k k  , where ( )W

nc
k   

satisfies that = 0
ncW






 and ( ) = ( )W W W

nc nc nc
k k  . 

  
The results in item 1 of Propositions 2.6 state that with a small degree of consumer-
friendliness the emission tax under the non-committed policy regime is also lower 
than the marginal environmental damage. But the tax rate increases as 𝜽 increases 
and thus the opposite occurs with a very high value of 𝜽. This result is the same with 
that under the committed policy regime. However, the inequaltites obtained in items 
3 and 4 of Proposition 2.6 state that it is possible that welfare is increasing and 
environmental damage is decreasing with small values of 𝜽 and 𝒌. This result sharply 
contrast to the result under the committed policy regime where a trade off between 
welfare and environmental damage exists. 
 
2.5 Comparing Policy Regimes 
 
In this section, we provide comparisons between the committed and non-committed 
policy regimes and summarize our findings in a number of propositions. 
 

Proposition 2.7 Let A2.1 be true. Then <nc ct t  for any (0,1)  . 

 
The committed emission tax is larger than the non-committed one. The intuition is 
as follows: Under the non-committed policy regime, due to the time-inconsistency 
problem, each firm has a strategic incentive to increase abatement in order to induce 
the regulator to impose a lower emission tax subsequently. It represents that the 
strategic incentive of innovation will ratchet down the regulator’s ex-post possibility 
to decide tax rate, which is dependent on the strategic relationship between the 
firms. This aspect is absent when the regulator pre-commit to an emission tax.19 
 
Proposition 2.8  Let assumption A2.1 be accepted. Then   

    1. 0 0>nc cq q , 1 1>nc cq q  and >nc cQ Q  for any (0,1)   

    2. 0 0

nc ca a  for any (0,1)   if and only if 
0

ak k  where 
0
( )ak   satisfies that 

0 0
0 0

( ; ) = ( ; )nc c

a aa k a k   

    3. 1 1

nc nca a  for any (0,1)   if and only if 
1

ak k  where 
1
( )ak   satisfies that 

1 1
1 1

( ; ) = ( ; )c nc

a aa k a k   

    4.  0 1 0 1

nc nc c ca a a a    for any (0,1)   if and only if aak k  where ( )aak   satisfies 

that 0 1 0 1( ; ) ( ; ) = ( ; ) ( ; )c c nc nc

aa aa aa aaa k a k a k a k      

  

                                                
19 This finding is also pointed out by Poyago-Theotoky and Teerasuwannajak (2002) and Moner-Colonques and Rubio (2015) 
in the context of non-committed environmental policy regime, but they did not consider the role of consumer-friendly firm. 
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It states that compared to the committed policy regime, both firms increase not only 
outputs but abatement investments under the non-commitment policy regime when 
the efficiency of abatement technology is relatively low. 
 

Proposition 2.9  Let A2.1 be satisfied and (0,1)  . Then 

    1. 0 0

c nc   if and only if 
0

k k , where 
0
( )k   satisfies that 0 0

0 0
( ; ) = ( ; )c nck k      

    2. 1 1

c nc   if and only if 
1

k k , where 
1
( )k   satisfies that 1 1

1 1
( ; ) = ( ; )c nck k     .  

  
It implies that both firms can earn higher profits under the non-committed policy 
regime when the efficiency of abatement technology is relatively low. 
 
Proposition 2.10  Let assumption A2.1 be true. Then  

    1. c ncED ED  if and only if ( ) <1ED k  , where ( )ED k  satisfies that 

0 1 0 1( ; ( )) ( ; ( )) = ( ; ( )) ( ; ( ))c c nc nc

ED ED ED EDe k k e k k e k k e k k      and ( ) 0.44818ED k  ;  

2. 
c ncW W  if one of the following conditions is satisfied  

         (a) 
1

0 < 0.568W    and 
1

> Wk k  or,  

         (b) 
1 2

0.585W W      and 
2 3

W Wk k k   , 

 where for each =,1, 2,3i , the value of  ( )W
i

k  , solves the equations 

( ; ) = ( ; )c nc

W W
i i

W k W k  , 
1 1 2 1
( ) = ( )W W W Wk k  ,  and 

2 2 3 2
( ) = ( )W W W Wk k   .  

      Otherwise, >c ncW W . 

  
Therefore, with large 𝜽 and high 𝒌 , the total emissions and thus environmental 
damage under the non-committed policy regime are smaller than the commitment 
one. Furthermore, with small 𝜽 and high 𝒌, the welfare under the non-committed 
policy regime is larger than the commitment one. We can plot Fig. 2.1.a and 2.1.b, 
and show the comparisons of environmental damage and welfare between the two 
different policy regimes, respectively. We can also plot Fig. 2.2 and show that (i) the 
non-committed policy regime is better than the committed one, i.e., 𝑬𝑫𝒄 ≥ 𝑬𝑫𝒏𝒄 and 
𝑾𝒄 ≤ 𝑾𝒏𝒄  if 𝜽 is intermediate and 𝒌 is large while (ii) the committed policy regime 
is better than the non-committed one, i.e., 𝑬𝑫𝒄 ≤ 𝑬𝑫𝒏𝒄 and 𝑾𝒄 ≥ 𝑾𝒏𝒄 if both 𝜽 and 
𝒌 are small. 
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ED comparison Welfare Comparison 

 
Fig. 2.1 ED and Welfare Comparisons 

  

 
   

Fig. 2. 2 Commitment vs Non-commitment 

   
2.6 Main Findings and Future Work 
 
We have considered CSR initiatives of the firms and examined the timing of 

government’s commitment to the environmental tax policy. We have emphasized the 

heterogeneity of objectives and its impact on the time inconsistency problem in which 

firms’ strategic decisions on production and abatement activities might result in 

different welfare consequences. We have shown that the optimal emission tax under 
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the committed policy regime is always higher than that under the non-committed 

one, but both taxes can be higher than marginal environmental damage when the 

consumer-friendliness is high enough. We also have shown that under the non-

committed policy the firms decide not only more outputs and higher profits but also 

more abatement and lower emission when the consumer-friendliness is high and the 

efficiency of abatement technology is not so high. Therefore, the emergence of a 

consumer-friendly firm might yield better outcomes to the welfare and environmental 

quality without the commitment to the environmental policy under certain conditions. 

These results show that CSR initiatives can play a significant role in the design and 

implementation of environmental policy. The importance of CSR needs to be further 

examined in some alternative settings under different market structures to check the 

robustness of the results obtained in this chapter. This has to be left for future 

research.  
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Chapter 3  
 

Time-inconsistent environmental policies with a consumer-
friendly firm: Tradable permits versus emission tax 
 

International Review of Economics & Finance 
 

By Arturo García, Mariel Leal, Sang-Ho Lee 
 
 
 

3.1 Introduction 
 

During the last generation, the waves of market-based environmental protection 
have been salient features of economic policies in polluting industries around the 
world. In light of the increasing importance of such environmental policy, the 
government has continuously conducted various environmental regulation by using 
emission standards, quotas, subsidies, taxes and tradable permits. In particular, the 
widespread acceptance of permits trading program generates an interesting debate 
among researchers on the efficiency of environmental and climate change policy.20 
Many economists have shown that governments can promote social welfare by 
implementing market allocation of tradable permits (quantity regulation) or emission 
taxes (price regulation) since they can minimize abatement costs when they differ 
between firms.21 Even though the two instruments share many similarities, there are 
some theoretical and practical disputes regarding the equivalence that neither 
seems preferable to the other. 
 

Recent works on tradable permits have been conducted in a different situation of 
mixed market where the objectives among firms differ. For example, Kato (2006, 
2011) examined a standard mixed market where a welfare-maximizing public firm 
competes with private firms whose objectives are to maximize profits with 
homogeneous products in the same market.22 He showed that this asymmetry in 
their objectives can work for improving social welfare even if the abatement 
technologies are the same because tradable permits can induce the equalization of 
the marginal costs among firms. 

                                                
20 Since 1980s, the United States implemented experimental permits trading systems such as the sulfur dioxide ( 2SO ) trading 

program, in which allowances were freely allocated under the Clean Air Act, and California’s 
2CO  cap-and-trade program. 

Since then, many countries including the European Union and China introduced this program gradually during the last decade. 
Nowadays, it becomes a successful international experiment for controlling a large amount of greenhouse gases in the world. 
Stavins (1998), Kato (2006) and Burtraw and McCormack (2017) introduced some useful real-world discussions on the tradable 
emission permits as climate change policy instrument in the United Nations and the United States. 
21 For example, Borenstein (1988), Malueg (1990) and Sartzetakis (1997) showed that the tradable permits can increase social 
welfare in the competitive production and emission markets when there are differences with respect to the abatement 
technologies among regulated firms. Further, Requate (1993), Sartzetakis (2004) and Lee and Park (2005) demonstrated that 
if firms differ in both production and abatement technologies, the tradable permits cannot always assure efficiency. 
22 On the other hand, recent works on mixed markets with environmental tax policies can be found in Ohori (2006), Wang and 
Wang (2009), Pal and Saha (2015), Xu and Lee (2015, 2018), Xu et al. (2016), Lee and Xu (2018) and Kim et al. (2018). 
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The present chapter extends the analysis into the other context of mixed market 
which are characterized by the co-existence of for-profit firms and not-for-profit firms. 
In particular, we consider a consumer-friendly firm which competes with a for-profit 
firm in a mixed duopoly market under the same abatement technologies. We define 
the objective of the consumer-friendly firm as a combination of consumer surplus 
and its profits. Thus, the firm puts a higher weight on output in order to commit to a 
higher output than rival firm. This type of formulation can be viewed as one way of 
adopting corporate social responsibility (CSR) initiatives, in which it utilizes 
consumer surplus as a proxy of CSR concern.23 Owing to the current expansion of 
CSR, the heterogeneity of objectives among the firms in this mixed market 
configuration is an essential part of our analysis. 
 

In this chapter, we examine tradable permits policy and compare its efficiency with 
that of emission tax policy in the presence of a consumer-friendly firm. We allow the 
possible ability of a government to commit credibly to an environmental policy when 
a pollution-reducing abatement activity is taken into consideration. We point out the 
time-inconsistent policies where the polluter can choose its abatement technology 
before the government decides price or quantity, and compare how these strategic 
behaviors of polluters will affect the optimal ex post time-consistent behavior of the 
government and welfare consequences. 
 

When the government determines its policy ex-ante, i.e., before the firms make their 
abatement decisions, it can be credible only when the regulator possesses a 
commitment mechanism. Thus, if the government can commit the level of permits or 
tax, both policies are fully equivalent in our model. However, once abatement has 
been chosen by the firms, the optimal policy determined ex-ante is not ex-post 
optimal. This is because firms’ abatement costs are already sunk and thus the ex 
post government objective function differs from the ex-ante. Thus, such policies 
which require firms to invest may be subject to a time-inconsistency problem. 
Therefore, if the government cannot react to the firm’s abatement activities, the 
equivalence of both policies might break down. This suggests that the ability of 
credible commitment to an environmental policy in the policy-making process has 
significant implications to support the equivalence between the two policies 
associated with a committed policy. 
 

In the previous literature of environmental economics, Denicolò (1999), Gersbach 
and Glazer (1999), Requate and Unold (2003) investigated the commitment problem 
when the regulator is not able to commit credibly to permits policy and shed light on 
the ex ante and ex post welfare effects of strategic behaviors of the regulated firms. 
Petrakis and Xepapadeas (1999, 2001) and Poyago-Theotoky and 
Teerasuwannajak (2002) pointed out the time-inconsistency problem under 
emission tax policy and showed that if the regulator cannot commit credibly to the 
stringency of the tax, firms have strategic incentives because the regulator has an 

                                                
23 Numerous theoretical studies have recently analyzed this type of formulation for analyzing the CSR activities in different 
competition models. For example, see Goering (2012), Kopel and Brand (2012), Chang et al. (2014), Matsumura and Ogawa 
(2014), Brand and Grothe (2015), Lambertini and Tampieri (2015) and Leal et al. (2018). 



25 

 

ex-post possibility to ratchet up regulation.24 D’Amato and Dijkstra (2015) also 
examined environmental technology adoption with/without long-term commitment in 
which the government ex-ante commits a tax rate before the innovation takes place 
or adjusts an ex-post tax rate after the firms invest. Regarding the strategic choices 
in a dynamic setting with comparison between taxes and permits, Montero (2011), 
Wirl (2014) and Moner-Colonques and Rubio (2015) examined firm’s innovation 
incentives when the government has time-consistent temptations to revise its policy 
design after innovation and showed that the performance of two policy instruments 
differ. 
 

As a closely related work, Moner-Colonques and Rubio (2015) examined the timing 
of environmental policy in a private duopoly model where both firms have the same 
profit functions, and showed that the welfare results between emission standard and 
emission tax depend on the efficiency of abatement technology. Also, Leal et al. 
(2018) examined the timing of environmental tax policy in the presence of a 
consumer-friendly firm, but focused on the comparisons between the ex-ante and 
ex-post emission tax policies. However, our analysis considers a mixed duopoly 
model where both firms have asymmetric payoff functions, and examines the two 
market-based environmental policies, tradable permits and emission tax policies. 
Hence, the welfare comparisons in our analysis lead to different policy implications 
on the choice of efficient environmental policies. 
 

Under the committed ex-ante policy, we show that the equilibrium outcomes under 
both policies are equivalent in terms of permit price and tax rate. We also show that 
both permits price and tax increase as the concern on consumer surplus rises 
because higher productions from the larger concern on consumer surplus cause 
higher total emissions. Further, we show that both firms can earn higher profits with 
permits rather than a tax, but the profit of a consumer-friendly firm is always larger 
than rival’s profit irrespective of policy instruments. However, both welfare and 
environmental damage are simultaneously decreasing or increasing depending on 
the degree of consumer-friendliness. Thus, higher asymmetry between the firms 
might result in the welfare loss, which can outweigh the gains obtained from the 
environmental regulation. 
 

Under the non-committed ex-post policy, we also show that some results under the 
committed policy still hold. However, we find several different results in which the 
equivalence breaks down. First, both permits price and tax rate increase as the 
concern on consumer surplus rises but permits price is always higher than the tax 
rate. This is because firms have different incentives to induce ex-post time-
consistent policy. In particular, compared to the outcomes under the committed 
policy, both firms reduce abatement levels under the permits policy to increase their 
emission quotas unless the concern is large while a consumer-friendly firm increases 
its abatement levels under the tax policy to reduce tax rate unless the concern is 
small. Thus, the significance of strategic incentives of the firms affect the 
equivalence properties of both policies. 
                                                
24 Recent analysis of the timing of policies in mixed oligopolies can be found in Xu et al. (2017), Hsu et al. (2017), Lian et al. 
(2018), Xu and Lee (2018), Leal et al. (2018) and Lee et al. (2018). 
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Second, the abatement activities and emissions of a consumer-friendly firm are 
always larger than those of a for-profit firm, but its relative amounts depend on the 
concern on consumer surplus and policy instruments. In particular, both firms’ 
abatement activities under permits are always lower than tax, and thus, total 
emissions under permits might be more significant than those under tax. 
 

Finally, under both policies, it is possible that welfare increases but environmental 
damage decreases when the consumer-friendliness is not large. This result sharply 
contrasts to the result under the committed policy. Furthermore, under the non-
committed policy, tax policy induces higher welfare and lower environmental damage 
than permits policy unless the consumer-friendliness is large. Therefore, due to the 
larger time-consistent distortion of abatement activities with permits policy, tax can 
be a better policy than permits in the presence of a consumer-friendly firm. 
 

The remainder of this chapter is organized as follows. In section 3.2, we formulate a 
Cournot duopoly model with a consumer-friendly firm having abatement technology. 
We analyze tradable permits and tax, respectively, in section 3.3 and 3.4. Finally, 
section 3.5 provides main findings. 
 

3.2 Model 
 

We consider a quantity-setting Cournot duopoly model.25 One of the firms is a 
consumer-friendly (CF) firm (hereafter referred to as firm 0 ) that cares for not only 

its profits but consumers surplus. The other is a for-profit (FP) firm (hereafter referred 

to as firm 1) that maximizes its profits only. Firms sell homogeneous output, 
0 > 0q  

and 
1 > 0q , respectively, at the market clearing price ( ) = 1p Q Q  where 

0 1=Q q q . 

We assume that both firms have identical production costs of the form, 2( ) =i ic q q , 

{0,1}i . 

 

Production leads to pollution, > 0ie , but each firm can reduce pollution by 

undertaking abatement activities. Suppose that firm i  chooses pollution abatement 

level > 0iz . Then, the emission level can be reduced to =i i ie q z  by investing an 

amount of 
2

2

iz
 in abatement.26 

The government has a responsibility to regulate emissions. We consider two policy 
options that the regulator may use to protect the environment. The first policy is a 
tradable permits regulation as a quantity instrument: The government decides the 
total emission levels to maximize the social welfare and then assigns emission 

quotas (permits) iE  to each firm in a non-discriminatory manner.27 Given the 

                                                
25 Our model could be extended to the oligopoly model without further insights gained. 
26 The specific function guarantees the interior solutions in the equilibrium for [0,1]  . 
27 In reality, the information burden is quite demanding for a discriminatory quotas system and also politically it might be very 
costly to manage the discriminatory regulation especially under the large number of interest groups. See Burtraw and 
McCormack (2017) and Khezr and MacKenzie (2018). Regarding the informational asymmetry between the government and 
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emission quotas, the government also allows the firms to trade emission permits at 
the emission trading market. The emission trading market is assumed as a 
centralized competitive market in which the emission trading occurs by the market 

clearing price.28 Thus, if we define the net demand of firm i  as = ii iD e E , total net 

demand of emission permits is zero at the market equilibrium 
0 1 = 0D D . It also 

implies that both firms do not have market powers in the emission market and thus, 
they behave as price takers in the centralized competitive emission trading market 
in which firms trade the permits at the realization of market-clearing price.29 
 

The profit of firm i  is given by:  

  2 21
= , = 0,1

2
ii i i i ip q q z e E i        (3.1) 

Note that products market price is a function of total outputs which are determined 
by firms while emission market price is a function of total quotas which are 
determined by government. 
 

The second policy consists in an emission tax regulation as a price instrument: The 
government imposes a tax on the emission level, for which the tax rate is t . The 

resulting total tax revenue collected by the government is = ii
T t e . The profit of 

firm i  is given by:  

 2 21
= , = 0,1

2
i i i i ip q q z t e i       (3.2) 

Note also that products market price is determined by firms decisions while emission 
tax is determined by government’s decisions. 
 

We assume that the FP firm seeks only for profit maximization. However, the CF firm 

maximizes profits plus a fraction of consumer surplus, 
2

=
2

Q
CS . Thus, the payoff 

that CF firm maximizes is as follows:  

 
0 0=V CS   (3.3) 

The parameter [0,1]   measures the degree of concern on consumer surplus that 

the CF firm has, as a CSR-initiative, which is exogenously given. 

                                                
firms, Lee (1996) proposed an optional permits regulation while Lee and Kim (1995) and Lee and Kim (2000) analyzed non-
linear emission tax regulations. 
28 It is seldom to consider that emission price is determined at a perfectly competitive market transaction. As Burtraw and 
McCormack (2017) and Khezr and MacKenzie (2018) mentioned, inefficiency may result from thin emission trading markets, 
weak price discovery, and regulatory or organizational complexities that hinder recognition of opportunity costs and innovation. 
In reality, most transactions occur at the market clearing price in financial markets where trade is centralized. Also, many of 
the recently deregulated utility industries such as electricity generation operate as organized markets where a “market 
operator” aggregates firms’ supplies and, using market demand, determines the market clearing price and firms’ outputs. For 
more discussion on centralized competitive market, see Moreno and Ubeda (2006). Regarding the interaction of a centralized 
competitive emission trading market with an imperfectly competitive products market, see Borenstein (1988), Sartzetakis 
(1997, 2004), Lee and Park (2005) and Kato (2006). 
29 Our analysis of the emission market is linked with the capacity choice game with pre-commitment where firm’s strategic 
capacity choice (in the long-run) under price competition (in the short-run) affects the market-clearing price. In the analysis of 
this Cournot-price game, the market-clearing price is determined by the capacity constraint generated by the first-stage 
decisions. See Moreno and Ubeda (2006), who generalized the capacity choice game in which firms decide capacity first and 
then choose its supply function (as price takers) where all the outputs are sold at the market clearing price. 
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The extent of environmental damage due to pollution by the industry is given by 

 
2

=
2

ii
e

ED


. Note that total environmental damage under permits policy with an 

emission quota iE  to each firm becomes 
 

2

=
2

i
i
E

ED


. Then, the social welfare is 

the sum of consumer surplus (CS), the profits of both firms (
0 1  ) and the total 

taxes collected by the government (T) minus environmental damage (ED):  

 
0 1=W CS T ED      (3.4) 

where = 0T  if the government implements a tradable permits policy.30 

 

We shall consider two alternative policy regimes, each featuring a three-stage game 
between a welfare maximizing regulator and two firms with different objectives. Both 
policies are analyzed in the context of committed or non-committed policy. In the 
committed policy, the regulator sets the environmental instrument value such as 
emission quotas or tax, depending on policy implemented. Taking the instrument 
value as given, the firms choose investment in abatement effort simultaneously and 
independently. In the non-committed policy, firms first select its abatement level, 
simultaneously and independently, and then the regulator sets the emission quotas 
or tax. Finally, the firms select output in the third stage. 
 

3.3 Committed policy 
  
3.3.1 Tradable emission permits 

 

In the third stage, firms 0  and 1 choose their outputs to maximize (3.3) and (3.1), 

respectively. By solving these problems, the equilibrium output as a function of the 
permit price,  , is obtained:  

 
0 1

(3 )(1 ) (3 )(1 ) 2(1 )
= , = , =

3(5 ) 3(5 ) 5
q q Q

    

  

    

  
 (3.5) 

Note that each firm’s output decreases in the permit price. Also if the concern on 
consumer surplus rises, the CF firm is more aggressive and thus increases its output 
while the FP firm decreases the output. However, the total outputs increases. 
 

In the second stage, firms choose abatement efforts to maximize their payoffs. Firm 

0  chooses 
0z  that maximizes (3.3) while firm 1 chooses 

1z  that maximizes (3.1). 

                                                
30 We assume that the government utilizes a grandfathering approach for initial allocating of costless permits to the firms. It 
has by far been the dominant allocation approach in practice, both because it can offset the costs of emission reduction as 

well as for political reasons. If the government implements an auctioning for the initial allocating of permits, T  is a fixed lump-

sum amount and thus we can treat it as a constant number. However, in a consignment auction which combines aspects of 

free allocation and auctioning into one mechanism, = 0T . See Stavins (1998), Fowlie (2010), Burtraw and McCormack 

(2017) and Khezr and MacKenzie (2018) for more discussions. On the other hand, while the emission tax revenue can provide 
double-dividend effect, which can be used for not only externality but for public finance to eliminate other distorting tax system 
such as income tax, the emission tax has its own distorting effects on labor supply, which can have the excess burden as a 
tax on labor income. In the following analysis, we ignore these effects of the public finance. 
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Solving these problems gives the equilibrium abatement level as a function of permit 
price:  

 = , {0,1}iz i   (3.6) 

that defines a positive relationship between abatement and the permit price. It simply 
states that tradable emission permits make the firm’s marginal cost in abatement 
equal to the permit price. 
 

Substituting (3.5) and (3.6) into the total net demand of the emission quota, where 

0 1 = (( ) ) = 0ii ii
D D q z E   , yields:  

 
 0 12 (5 )

=
2(6 )

E E




  


 (3.7) 

One can easily check a negative relationship that the market price of permits is 

higher if the regulator reduces the emission quota of firm i , i.e., < 0
iE




. 

 

Substituting (3.7) into (3.5) and (3.6), we obtain outputs and abatement levels as 
functions of the emission quotas:  

 
     0 1 0 1

0 0 1 1 0 1

3 2 3 2
( , ) = , ( , ) = ,

6(6 ) 6(6 )

E E E E
q E E q E E

 

 

     

 
 

 
   0 1

0 1

0 1 0 1

2 (5 )2
( , ) = , ( , ) = = , = 0,1

(6 ) 2(6 )
i

E EE E
Q E E z E E i




 

   

 
 

 

In this stage the regulator assigns the emission quota to each firm that maximizes 
social welfare, given by expression (3.4). This maximization yields the following 
condition:  

       
1 1 1

0 1 0 1 0 1

=0 =0 =0

1 , 2 , , = , = 0,1i i
ii i

j j ji i i

q zQ
Q E E q E E z E E E j

E E E

 
  

  
  

 (3.8) 
where the first term on the left-hand side measures the increase in consumer surplus 
coming from the increase in total market outputs when the regulator raises the 
emission quotas. The second term stands for the increase in production cost coming 
from the increase in each firm’s output, and the third term stands for the decrease in 
abatement cost from the decrease in each firm’s abatement effort, respectively, 
when the regulator raises the emission quotas. The right-hand side implies the 
increase in environmental damages coming from increase in emission quotas. 
 

From (3.8), we obtain the total emission quota  

 
 2

1

=0

2 63 18 2
=i

i

E
H

  
  (3.9) 

where 2= 909 306 29 > 0H    . When the government sets a non-discriminatory 

emission quota, we can impose an equal quota:  
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2

0 1

63 18 2
= =

tpc tpc

E E
H

  
 (3.10) 

We employ superscript tpc to denote the equilibrium under the tradable permits 

policy with the commitment. Then, we have 
>

0
<

tpc

iE






 if 

< 3
.

> 7
  It states that the 

relationship between the regulator’s optimal emission quota and the concern on 
consumer surplus is non-monotonic. When the concern on consumer surplus is low, 
the optimal emission quota increases with the concern. However, when the concern 
on consumer surplus is increased past a certain level, the optimal emission quota 
begins decreasing with the concern. 
 

From (3.10) the equilibrium permit price, output, abatement levels and emissions are 
obtained:  

 
2

0 1

99 9 2
= , = =c tpc tpc cz z

H

 
 

 
 

 0 1

9(6 )(3 ) 9(6 )(3 )
= , =tpc tpcq q

H H

      
 

 
2 2

0 1

63 36 11 63 72 7
= , =tpc tpce e

H H

      
 (3.11) 

In equilibrium under the committed permits policy, the output of CF firm is larger than 
that of FP firm, but both firms make the same abatement effort; therefore the CF 

firm’s emission level is also larger than its rival’s. Note that 0 > 0
tpcq






, 1 < 0

tpcq






 and 

> 0
tpc

iz






. Also, we have > 0.

c






 Thus, the equilibrium permit price increases as the 

concern on consumer surplus rises. Furthermore, 
0 > 0D  which implies that the CF 

firm buys emission permits. 
 

Finally, we have the resulting profits of the firms, environmental damage and social 
welfare:  

 
2 3 4

0 2

127251 76464 8091 6732 652
=

2

tpc

H

   


   
 

 
2 3 4

1 2

127251 111456 38565 5904 320
=

2

tpc

H

   


   
 

 
 

2
2

2

2 63 18 2
=tpcED

H

  
 

 
2189 54 6

=tpcW
H

  
 (3.12) 

 

 

Proposition 3.1  1 0<tpc tpc   for any 0 < 1  ;  
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It states that the profit of CF firm is always larger than that of FP firm in equilibrium 
under the committed permits policy. This is because the CF firm is more aggressive 
in production to increase consumer surplus, which induces less production of FP 
firm but more production in total outputs.31 

 

Proposition 3.2  > 0
tpcED






 and > 0

tpcW






 iff 

3
0 <

7
   

It states that both welfare and environmental damage are increasing in   unless   

is so high. This result implies that higher degree of   might deteriorate the welfare 

because of excessive production. This is because trading of emission permits 
induces excessive output redistribution from the FP firm to CF firm in controlling 
emissions. Thus, higher asymmetry between the firms results in the inefficiency, 
which can outweigh the gains obtained from the environmental regulation.32 It also 
states that both welfare and environmental damage are simultaneously decreasing 
or increasing depending on the values of  . This result represents a typical trade off 

between welfare and environmental damage in the literature. 
 
3.3.2 Emission tax 

 

In the third stage, firms choose their outputs to maximize their payoffs in (3.3) and 
(3.2), respectively. Given the emission tax rate, t , the first-order conditions get the 

following equilibrium output level of each firm and total outputs:  

 
0 1

(3 )(1 ) (3 )(1 ) 2(1 )
= , = , =

3(5 ) 3(5 ) 5

t t t
q q Q

 

  

    

  
 (3.13) 

Note that each firm’s output coincides with that under permits policy in (3.5) if = .t   

 
In the second stage, firms choose abatement efforts to maximize their payoffs in 
(3.3) and (3.2), respectively. The first-order conditions give the equilibrium 
abatement levels as a function of the tax:  

 = , {0,1}iz t i  (3.14) 

It also defines a positive relationship between abatement and the tax, which states 
that emission tax makes the firm’s marginal cost in abatement equal to the tax rate. 
 
In the first stage the government sets the emission tax that maximizes social welfare 
in (3.4). Solving the first-order condition yields the optimal emission tax, which is 
given by  

 
299 9 2

=ct
H

  
 (3.15) 

where H  is defined as before. We have > 0.
ct






 Thus, the optimal tax increases as 

the concern on consumer surplus rises. From (3.11) and (3.15), it is easy to check 
that the equilibrium output, abatement and emission levels, environmental damage 

                                                
31 For more discussion on this point, see Lambertini and Tampieri (2015) and Leal et al. (2018). 
32 It also happens in a symmetric duopoly when both firms have different costs. For more discussion on this point, see 
Borenstein (1988), Malueg (1990) and Sartzetakis (1997). 
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and social welfare coincide with those of the committed permit policy. Therefore, 
under regulatory commitment both policy instruments are equivalent in the sense 
that they yield the same equilibrium outcomes.33 
 

The profits of both firms under the committed tax regime are the followings:  

 
2 3 4

0 2

114777 71766 8271 6768 644
=

2

taxc

H

   


   
 

 
2 3 4

1 2

114777 106758 38385 5868 328
=

2

taxc

H

   


   
 (3.16) 

We employ superscript taxc to denote the equilibrium under the tax policy with the 
commitment. 
 

Proposition 3.3  1 0<taxc taxc   for any 0 < 1  ;  

It states that in equilibrium under the committed tax, the profit of CF firm is always 
larger than that of FP firm. This result is the same with that under the committed 
permit policy. 
 
3.3.3 Comparing permits and tax 

 

Proposition 3.4  0 0<taxc tpc   and 1 1<taxc tpc   for any [0,1]    

 
Under the committed policy both firms can earn higher profits with permits policy. 
This is because both firms can save tax payments under the same outcomes. It also 
implies that both firms prefer permits policy to tax policy when they can choose or 
lobby for the policy instruments. 
 

3.4 Non-committed policy 
 
3.4.1 Tradable emission permits 

 

In the last stage, firms choose simultaneously 
0q  and 

1q  that maximize respectively 

0V  and 
1 , taking the emissions quotas and abatement levels as given, which yields 

the same results as in subsection 3.1. Substituting (3.5) into the total net demand of 

the emission quota, where 0 1 = (( ) ) = ( ) = 0i ii i ii i
D D q z E Q z E      , yields:  

 
1

=0

1
= 2 (5 ) ( )

2
ii

i

z E 
 

   
 

  (3.17) 

 

Substituting (3.17) into (3.5), we obtain outputs as functions of the emission quotas 

(where 0 1= ( , )E EE  and 
0 1= ( , )z zz ):  

 

                                                
33 Note that this result does not depend on  . Moner-Colonques and Rubio (2015) examined the timing of the 

environmental policy in a private duopoly model with symmetric payoffs, and showed that the equivalence between emission 
standard and emission tax holds irrespective of the efficiency of abatement costs and environmental damage parameter. 
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1 1

=0 =0
0 1

(3 ) ( ) (3 ) ( )

( , ; ) = , ( , ; ) = , ( , ; ) = ( )
6 6

i ii i
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ii

i

z E z E

q q Q z E

 

  

   


 

E z E z E z  

 

In the second stage, the regulator assigns the welfare maximizing emission quota to 
each firm taking as given the firms’ abatement levels. Welfare defined in (3.4) 
becomes:  

 

22 1 1 1
2 2

=0 =0 =0

( , ; ) 1 1
( ; , ) = ( , ; ) ( , ; )

2 2 2
kk k

k k k

Q
W Q q z E


  

 
     

 
  

E z
E z E z E z

 (3.18) 
 

The first-order conditions are:  
 

 
1 1

=0 =0

( , ; )( ; , ) ( , ; )
= 1 ( , ; ) 2 ( , ; ) = 0, = 0,1k

kk
j j jk k

qW Q
Q q E j

E E E

 
 

 
  

  
 

E zE z E z
E z E z

 (3.19) 
 Or equivalently  

    
1 1

2 2

=0 =0

1 1 1
1 2 9 2 9 1 = 0

18 2 18
ii

i i

z E 
   

       
  

   (3.20) 

 

Solving (3.20) we obtain the total emission quota  

 
  2

1
0 1

2
=0

9 18
=

27
i

i

z z
E





  


  (3.21) 

 

It defines a negative relationship between emission quotas and abatement efforts, 
that is, the regulator decreases the emission quota in response to an increase in 
firms’ abatement efforts. 
 

In the first stage, firms choose their abatement efforts. Under the non-discriminatory 

emission quota, where 
  2

0 1
0 1

2

9 18
= =

2(27 )

z z
E E





  


, firm 0  chooses 

0z  that 

maximizes (3.3) while firm 1 chooses 
1z  that maximizes (3.1). Solving these 

problems yields the following equilibrium abatement levels:  

 
2 3 4 6

0

24057 65124 3726 1998 27 4
=tpnz

        


 

 
2 3 4 6

1

24057 10692 9882 270 459 4
=tpnz

        


 (3.22) 

where  2 2 3 4= 2 99 9 2 > = 3159 405 171 9 2 > 0R R            . We also 

employ superscript tpn to denote the equilibrium under the tradable permits policy 

with non-commitment. It is easy to show that 0 1

tpn tpnz z . Thus, CF firm is more 

aggressive in investing abatement technology, which induces a larger amount of 
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abatement under the non-committed permits policy. Note that similarly to the 

committed policy > 0
tpn

iz






. 

From (3.22), the equilibrium permit price, outputs and emission quotas are obtained:  
2 3 4 2 3 4

0 1

324 162 81 9 2 891 405 27 9 2
= , = =

2

tpn tpnn E E
R R

       


       
 

 
   2 2

0 1

3(3 ) 63 2 3(3 ) 63 2
= , = ,tpn tpnq q

R R

      
 

 

2 3 4 5 6

0

2 3 4 5 6

1

88209 37908 6156 378 63 24 4
= ,

88209 58320 648 2538 279 24 4
=

tpn

tpn

e

e

     

     

     



     



 (3.23) 

In equilibrium under the non-committed permits policy, the output of CF firm is larger 

than that of FP firm. We can also show that 0 1

tpn tpne e  in (3.23). Thus, the emission 

level of CF firm is larger than that of FP firm. Note that 0 > 0
tpnq






, 1 < 0

tpnq






 and 

> 0
tpnQ






. Also, we have < 0

tpn

iE






 and that > 0

n






. It states that in equilibrium 

under the non-committed permits policy, if the concern on consumer surplus rises 
the emission quotas set by the regulator decreases while the permit price increases. 

Furthermore, 
0 > 0D  which implies that the CF firm buys emission permits. 

 

Finally, we have the resulting profits of the firms, environmental damage and social 
welfare:34  

 0
0 2

64240056639
=

2

tpn



 

 1
1 2

64240056639
=

2

tpn



 

 
 

2
2 3 4

2

891 405 27 9 2
=

2

tpnED
R

      
 

 
 2

2

3 24628570263
=tpnW




 (3.24) 

 

 

Proposition 3.5  1 0

tpn tpn   for any [0,1]    

 
It states that in equilibrium under the non-committed permits policy, the profit of CF 
firm is always larger than that of FP firm. The economic reason is the same with the 
committed case where the CF firm is more aggressive in production, which induces 

                                                
34 For the sake of expositional convenience, we provide j  ( = 0,1, 2j ) and j  ( = 0,1, 2j ) in Appendix B.1. 
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less production of FP firm. 
 

Proposition 3.6  < 0
tpnED






 for any [0,1]   but 

>
0

<

tpnW






 if 

<
0.788

>
W

tpn
     

 
It state that welfare increases but environmental damage decreases as the concern 
on consumer surplus increases when   is not so large. Thus, the emergence of a 

consumer-friendly firm might be desirable to both the society and environment when 
its concern on consumer surplus is not so large under the non-committed tradable 
permits policy. This is because as   increases both firms undertake more abatement 

activities and the increase in abatement reduces the emission quotas. Then, higher 
outputs deteriorate the welfare while lower emissions enhance the welfare. Thus, 
lower asymmetry between the firms results in the efficiency, which can outweigh the 
loss, and the emergence of a consumer-friendly firm can be desirable to both the 
society and environment. This is sharply contrast to the results in the committed 
policy. 
 
3.4.2 Emission tax 

 

The last stage is the same as in subsection 3.3.2. In the second stage, the regulator 
chooses the welfare maximizing emission tax taking as given the firms’ abatement 
levels. The first order condition of this problem yields:  

 
 

 

2

0 1

2

9 9 2 9(5 )
=

2 27

z z
t

  



    


 (3.25) 

This expression defines a negative relationship between firms’ abatement 
investments and the tax, that is, the regulator decreases the tax rate in response to 
an increase in the firms’ abatement levels. Thus, firms can strategically use its choice 
of abatement to influence taxation: by increasing investment in emission-reducing 
activities, the firms can expect a lower emission tax. Also as the concern on 
consumer surplus increases, so does the emission tax. 
 

In the first stage, firms choose their abatement efforts taking into account how the 

regulator is going to respond. Firm 0  chooses 
0z  that maximizes (3.3) while firm 1 

chooses 
1z  that maximizes (3.2). Solving these problems we derive the following 

optimal abatement efforts:  

 
2 3 4 6

0

40095 42768 2592 1782 63 4
=taxnz

D

        
 

 
2 4 6

1

40095 1944 10530 387 4
=taxnz

D

      
 (3.26) 

where 2 2 3 4= (99 9 2 ) > = 4779 729 261 27 2 > 0D S S           . We also 

employ superscript taxn to denote the equilibrium under the tax policy with non-

commitment. Then, we have that 0 1>taxn taxnz z . It states that CF firm is more aggressive 

in investing abatement technology, which induces a larger amount of total abatement 
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under the tax policy. Unlike the non-committed permits policy, it is noteworthy that 

> 0
taxn

iz






. Thus, both firms increase more abatement activities under tax policy when 

  increases. 

 

From (3.26), the optimal emission tax, and the equilibrium output and emission levels 
are obtained:  

 
2 4243 810 171 4

=
2

nt
S

    
 

 
 2

0

9(3 ) 69 3 2
= ,

2

taxnq
S

    
 

 
 2

1

9(3 ) 69 3 2
= ,

2

taxnq
S

    
 

 
2 3 4 5 6

0

104247 48843 6723 945 234 36 8
= ,

2

taxne
D

          
 

 
2 3 4 5 6

1

104247 82377 2997 3915 450 36 8
=

2

taxne
D

          
 (3.27) 

 

In equilibrium under the non-committed tax, the CF firm’s output and abatement 

levels are larger than those of the FP firm. But, we have 0 1>taxn taxne e . Thus, the 

emissions generated by the CF firm are higher than those generated by the FP firm. 

Note that 0 > 0
taxnq






, 1 < 0

taxnq






, and > 0

taxnQ






. Also, > 0

nt






. Thus, the tax rate 

increases as   increases. 

 

Finally, we have the resulting profits of the firms, environmental damage and social 
welfare:  

 0
0 2

33373963359
= ,

2

taxn

D





 

 1
1 2

33373963359
= ,

2

taxn

D





 

 
  

2
2 3

2

(3 2 ) 351 45 12 2
= ,

2

taxnED
S

      
 

 2

2

3(30801788919 )
=

2

taxnW
D


 (3.28) 

 

 

Proposition 3.7  1 0<taxn taxn   if 0 < < 0.925     

 
It states that in equilibrium under the non-committed tax policy, the profit of CF firm 
can be larger than that of FP firm except the case when the consumer-friendliness 
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is very large. Thus, similarly to our previous results, higher production by the CF firm 
leads to higher profits to the CF firm in most cases of  . However, if the consumer-

friendliness is very large, higher production induces higher tax rate, which might 
reduce the profits of the CF firm more than that of the FP firm. This is contrast to our 
previous results. 
 

Proposition 3.8  < 0
taxnED






 for any [0,1]  , but 

>
0

<

taxnW






 if 

<
0.43

>
W

taxn
     

 
It states that welfare increases but environmental damage decreases as the concern 
on consumer surplus increases when   is small. This result is the same that under 

the non-committed permits policy, but it sharply contrasts to the result under the 
committed tax policy. Thus, the emergence of a consumer-friendly firm might be 
desirable to both the society and environment when its concern on consumer surplus 
is small under the non-committed tax policy. This is because as   increases, both 

firms not only increase outputs production but undertake more abatement activities 
strategically under tax policy. However, as   is higher, excessive production of 

outputs deteriorates the welfare but induces large abatement activities by strategic 
behaviors, which improves environmental quality. 
 
3.4.3  Comparing permits and tax 

 

Proposition 3.9    

    1.  <n nt   and < =n c ct t   for any [0,1]    

    2.  =c c nt    if 0.1551     

 
Fig. 3 1 Permit price and tax comparison 

 

Therefore, under the regulator’s inability to commit the equivalence between the two 
policy instruments breaks down.35 In particular, it states that under the non-
committed policy where the time-inconsistency occurs, the optimal tax is smaller 

                                                
35 Note that this result does not depend on  . Moner-Colonques and Rubio (2015) also showed that the equivalence between 

emission standard and emission tax breaks down in a private duopoly model when the government cannot commit the policy. 
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than the equilibrium permits price. Figure 3.1 shows that both permits price and tax 
rate increase as the concern on consumer surplus rises. It also shows that, 
compared to the equivalent tax rate or permits price, the tax rate becomes smaller 
and permits price becomes larger. 
 

This finding also indicates that firms’ strategic incentives depends not only on policy 
instruments but the degree of consumer-friendliness. This is because firms would 
expect the regulator to change its policy ex post and thus they have different 
incentives to induce time-inconsistent policy to be adjusted ex post. In particular, 
compared to pre-committed government, firms abate less emission to induce higher 
emission quotas under the permits policy while a consumer-friendly firm abates more 
emissions to reduce tax rate under the tax policy. We will show these findings in the 
following proposition. 
 

Proposition 3.10     

    1.  0 0>taxn tpnq q , 1 1>taxn tpnq q  and >taxn tpnQ Q  for any [0,1]  ;  

    2.  0 0>taxn tpnz z , and 1 1>taxn tpnz z  for any [0,1]  ;  

    3.  0 0<taxn tpne e  and 1 1<taxn tpne e  for any [0,1]  ;  

 
It states that under the non-committed policy, both firms produce more outputs but 
more abatement investments with tax policy than permits policy. Thus, both firm’s 
emission levels become more significant under permits policy. Fig. 3.2 shows how 
both firms choose abatement levels strategically by expecting ex-post policies. In 
particular, under permits policy, both firms reduce abatement levels unless the 
concern on consumer surplus is too large, which induces ex-post permits policy with 
more emission quotas. Under tax policy, a consumer-friendly firm increases its 
abatement levels to reduce tax rate unless the concern on consumer surplus is 
small, which induces a higher tax rate. Thus, these opposite incentives break down 
the equivalence between permits and tax policies. 
 

 
Fig. 3 2 Abatement comparison 
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Proposition 3.11  0 0<taxn tpn   and 1 1<taxn tpn   for any [0,1]  .  

 
It implies that under the non-committed policy both firms can earn higher profits with 
permits policy. Thus, as like in the committed policy, both firms still prefer permits 
policy to tax policy when they can choose or lobby for the policy. It also implies that 
irrespective of the timing of environmental policies, tradable permits policy can be 
an endogenous choice of rent-seeking equilibrium in a political process.36 

 

Proposition 3.12     

    1.  <taxn tpnED ED  for any [0,1]  ;  

    2.  >taxn tpnW W  for any 0 < 0.9134W    where 
W  satisfies =taxn tpnW W .  

  
This proposition states that under the non-committed policy, tax policy induces 
higher welfare and lower environmental damage than permits policy when the 

consumer-friendliness is not so high, i.e., <taxn tpnED ED  and >taxn tpnW W  if 0 < W 

. Because there are opposite strategic effects between the two policies if the 
government can not make credible pre-commitment, we have larger time-consistent 
distortion of abatement activities with permits policy. Therefore, from the policy 
perspective of both welfare and environmental quality, tax policy can be a better 
policy than permits policy when the concern on consumer surplus is not so high. 
Note that the welfare-superiority in the non-committed tax policy holds even when 

= 0  where both firms have the same objectives in a duopoly market.37 

 
3.5 Main Findings and Future Work 
 
We provided the analysis of different policy timing with respect to the two 
environmental regulatory measures between tradable permits and emission tax in a 
mixed duopoly with a consumer-friendly firm. We examined the strategic choices on 
abatement technologies and showed that the equilibrium outcomes under both 
policies are equivalent in terms of permits price and tax rate only when the 
government can credibly commit its policy. Also, we showed that the profit of a 
consumer-friendly firm is always larger than rival’s profit but both firms can earn 
higher profits with permits. 
 

Under the non-committed policy, however, the equivalence breaks down because 
firms have different incentives to induce time-inconsistent policy to be adjusted ex 
post. In particular, compared to pre-committed government, firms abate less 
emission to induce higher emission quotas under the permits policy while a 
consumer-friendly firm abates more emissions to reduce tax rate under the tax 

                                                
36 Regarding rent-seeking behaviors over tradable permits policy, Rode (2014) examined the opportunity cost for a rent-seeking 

lobby in EU’s 
2CO  ETS (Emissions Trading System). 

37 In a private duopoly model Moner-Colonques and Rubio (2015) ex examined the time-inconsistent problem in both emission 
standard and emission tax policy and showed that the welfare-superiority of tax policy over emission standard depends on the 
relative efficiency of abatement technology. 
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policy. 
 
Our findings show that not only the regulator’s inability to commit but the firm’s CSR 
initiatives can play significant roles in the design and implementation of 
environmental policy and have detrimental effects on social welfare. However, our 
analysis has a limitation because of the simple structure of our modelling with linear 
demand and quadratic cost functions. It should be further examined in more general 
settings under the alternative market structure with product differentiation, dominant 
market power in the permits market and different timing of the game in choosing 
outputs and emissions. For example, the analysis of emission trading market should 
be more advanced by using auction or other emission supply mechanism. This has 
to be left for future research. 
 

Chapter 4 Conclusion 
 

The market-based environmental protection has been salient features of economic 
policies in polluting industries. The government has continuously conducted indirect 
environmental policies such as emission tax and tradable emission permits. This 
thesis considers a Cournot duopoly model with a consumer-friendly firm and 
analyzes the interplay between the strategic choice of abatement technology and 
the timing of government’s commitment to the environmental policy instrument: tax 
policy and tradable permits. 
 
We show that the optimal emission tax under committed policy regime is always 
higher than that under non-committed one, but both taxes can be higher than 
marginal environmental damage when the consumer-friendliness is high enough. 
We also show that the emergence of a consumer-friendly firm might yield better 
outcomes to both welfare and environmental quality without the commitment to the 
environmental policy. 
 
When the government can credibly commit its policy, we show that the equilibrium 
outcomes under both policies are equivalent in terms of permits price and tax rate. 
Under the non-committed policy, however, the equivalence breaks down because 
firms have opposite incentives to induce time-consistent policy to be adjusted ex 
post. In particular, compared to pre-committed government, firms abate less 
emission to induce higher emission quotas under the permits policy while a 
consumer-friendly firm abates more emissions to reduce tax rate under the tax 
policy. Finally, we show that tax policy will result in higher welfare and lower 
environmental damage unless the concern on consumer surplus is large.
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Appendix A. “The timing of Environmental Tax Policy with 
a Consumer-Friendly Firm” 
 
A.1 The values of  𝝆𝒊(𝜽), 𝝀𝒊(𝜽) and 𝝈𝒊(𝜽)  

 

𝜌0(𝜃) ≡ 36438016 − 37486592𝜃 + 7356416𝜃2 + 2670592𝜃3 − 2543616𝜃4 + 940032𝜃5 − 188416𝜃6 + 25600𝜃7 − 1536𝜃8 − 128𝜃9 

𝜌1(𝜃) ≡ 16(7479296 − 5922816𝜃 − 239616𝜃2 + 821248𝜃3 − 510336𝜃4 + 157312𝜃5 − 35440𝜃6 + 5856𝜃7 − 512𝜃8 + 48𝜃9 + 5𝜃10) 

𝜌2(𝜃) ≡ 16(20 + 𝜃2)(416512 − 235264𝜃 − 67008𝜃2 + 36832𝜃3 − 18800𝜃4 + 3568𝜃5 − 788𝜃6 + 38𝜃7 − 8𝜃8 − 𝜃9) 

𝜌3(𝜃) ≡ (20 + 𝜃2)2(142336 − 53248𝜃 − 31872𝜃2 + 8448𝜃3 − 3056𝜃4 + 608𝜃5 − 16𝜃6 + 8𝜃7 + 𝜃8) 

𝜌4(𝜃) ≡ 4(20 + 𝜃2)4(2 + 𝜃)(6 − 5𝜃) 

 
 

𝜆0(𝜃) ≡ 128(4 − 𝜃)(71168 − 94848𝜃 + 49920𝜃2 − 15520𝜃3 + 4560𝜃4 − 928𝜃5 + 120𝜃6 − 16𝜃7 + 𝜃8) 

𝜆1(𝜃) ≡ 16(7479296 − 10014720𝜃 + 5740544𝜃2 − 1939456𝜃3 + 618624𝜃4 − 144256𝜃5 + 25488𝜃6 − 4576𝜃7 + 480𝜃8 − 48𝜃9 + 5𝜃10) 

𝜆2(𝜃) ≡ 16(20 + 𝜃2)(416512 − 465152𝜃 + 248640𝜃2 − 62624𝜃3 + 20496𝜃4 − 3312𝜃5 + 476𝜃6 − 82𝜃7 − 𝜃9) 

𝜆3(𝜃) ≡ (20 + 𝜃2)2(142336 − 136192𝜃 + 67456𝜃2 − 9728𝜃3 + 4880𝜃4 − 32𝜃5 + 112𝜃6 + 8𝜃7 + 𝜃8)𝜆4(𝜃) ≡ 12(2 − 𝜃)2(20 + 𝜃2)4 

 
 

𝜎0(𝜃) ≡ 32(4 − 𝜃)2(109056 − 38400𝜃 + 4352𝜃2 − 5760𝜃3 − 656𝜃4 − 352𝜃5 − 48𝜃6 − 8𝜃7 − 𝜃8) 

𝜎1(𝜃) ≡ 16(11329536 − 7088128𝜃 + 1734656𝜃2 − 668672𝜃3 + 44288𝜃4 − 19392𝜃5 + 2352𝜃6 + 48𝜃7 + 184𝜃8 + 36𝜃9 + 3𝜃10 + 𝜃11) 

𝜎2(𝜃) ≡ 2(20 + 𝜃2)(4990976 − 2054144𝜃 + 438272𝜃2 − 207872𝜃3 − 13376𝜃4 − 13760𝜃5 − 1328𝜃6 − 480𝜃7 − 52𝜃8 − 4𝜃9 − 𝜃10) 

𝜎3(𝜃) ≡ (20 + 𝜃2)2(214016 − 46080𝜃 + 15616𝜃2 − 5248𝜃3 − 336𝜃4 − 384𝜃5 − 40𝜃6 − 8𝜃7 − 𝜃8)𝜎4(𝜃) ≡ 4(20 + 𝜃2)5 
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A.2 Proofs 
 
Proposition 2.3 
 
  

 

Fig. A.2. 1 Behavior of the derivatives  
𝛛𝑬𝑫𝒄

𝛛𝜽
 and 

𝛛𝑾𝒄

𝛛𝜽
 

   
 
Proposition 2.4 

 

 
Fig. A.2. 2 𝒆𝟎

𝒏𝒄 vs. 𝒆𝟏
𝒏𝒄 
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Proposition 2.5 
  

 
Fig. A.2. 3 𝝅𝟏

𝒏𝒄 vs. 𝝅𝟎
𝒏𝒄 

 
Proposition 2.6 item 4 
  

 

Fig. A.2. 4 Behavior of the derivative 
𝝏𝑾𝒏𝒄

𝝏𝜽
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Proposition 2.8 
 

  
(a) 𝒂𝟎

𝒏𝒄 vs. 𝒂𝟎
𝒄  (b) 𝒂𝟏

𝒏𝒄 vs. 𝒂𝟏
𝒄  

 

 
(c) 𝒂𝟎

𝒏𝒄 + 𝒂𝟏
𝒏𝒄 vs. 𝒂𝟎

𝒄 + 𝒂𝟏
𝒄  

 
Fig. A.2. 5 Abatement comparisons 
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Proposition 2.9 
 
 

  
(a) 𝛑𝟎

𝒏𝒄 vs. 𝝅𝟎
𝒄  (b)  𝛑𝟏

𝒏𝒄vs. 𝝅𝟏
𝒄  

    
Fig. A.2. 6 Profits comparisons 
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A.3 The Case with an Environmental CF Firm 
 
Consider that firm 𝟎 has the following objective function:  
  

V0 = π0 + θ(CS − ED) (1’) 

where 𝐂𝐒 − 𝐄𝐃 is net consumer surplus. Thus, CF firm is also conscious about the 
environment in a degree of 𝛉. In the next analysis, we assume 𝒌 = 𝟏 and compare 
the committed and non-committed policy regimes. 
 
A.3.1 The committed policy regime 
 
The equilibrium abatement efforts and outputs, the optimal emission tax and 
resulting marginal environmental damage are the followings: 
  

𝑡𝑐 =
147456 − 81920𝜃 + 130816𝜃2 + 15360𝜃3 − 15104𝜃4 − 672𝜃5 + 441𝜃6

Ω
 

𝑎0
𝑐 =

32(4608 + 4544𝜃 + 1264𝜃2 + 644𝜃3 − 245𝜃4)

Ω
 

𝑎1
𝑐 =

32(4608 − 5440𝜃 + 5456𝜃2 − 804𝜃3 + 35𝜃4)

Ω
 

𝑞0
𝑐 =

8(30720 + 3840𝜃 + 11904𝜃2 + 8032𝜃3 − 544𝜃4 − 273𝜃5)

Ω
 

𝑞1
𝑐 =

8(30720 − 14592𝜃 + 13696𝜃2 − 5408𝜃3 − 224𝜃4 + 147𝜃5)

Ω
 

𝑀𝐸𝐷𝑐 =
16(12288 − 3584𝜃 − 640𝜃2 + 1632𝜃3 + 36𝜃4 − 63𝜃5)

Ω
 

𝜋0
𝑐 = 64 (

1585446912 − 967311360𝜃 + 1037828096𝜃2 − 184524800𝜃3 − 85241856𝜃4 + 43324928𝜃5

−142243072𝜃6 + 2283168𝜃7 + 9035024𝜃8 + 38178𝜃9 − 171549𝜃10

Ω2
) 

𝜋1
𝑐 = 64 (

1585446912 − 1533542400𝜃 + 1869086720𝜃2 − 1166974976𝜃3 + 502562816𝜃4 − 98203136𝜃5

−22241024𝜃6 + 13432224𝜃7 − 1110592𝜃8 − 287826𝜃9 + 40131𝜃10

Ω2
) 

𝑊𝑐 =
16(18432 − 5376𝜃 + 6720𝜃2 + 352𝜃3 − 964𝜃4 − 63𝜃5)

Ω
 

(2’) 
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where 𝛀 ≡ 𝟏𝟏𝟑𝟎𝟒𝟗𝟔 − 𝟒𝟎𝟏𝟒𝟎𝟖𝜽 + 𝟓𝟓𝟒𝟕𝟓𝟐𝜽𝟐 − 𝟓𝟎𝟏𝟕𝟔𝜽𝟑 − 𝟐𝟒𝟖𝟑𝟐𝜽𝟒 + 𝟔𝟕𝟐𝜽𝟓 +
𝟒𝟒𝟏𝜽𝟔 > 𝟎. 
 

Proposition A.3. 1 Under the committed policy regime, 𝒕𝒄 <

>
𝑴𝑬𝑫𝒄 if 𝜽

<

>
𝜽 ≈ 𝟎. 𝟕𝟑𝟑 

, where 𝜽 is such that 𝒕𝒄(𝜽) = 𝑴𝑬𝑫𝒄(𝜽).  
 
 
A.3.2 The non-committed policy regime 
  
The equilibrium abatement efforts and outputs, the optimal emission tax and 
resulting marginal environmental damage are the followings: 
 

𝑎0
𝑛𝑐 =

3(768 + 1080𝜃 − 580𝜃2 − 25𝜃3)

2(18 − 5𝜃)Δ
 

𝑎1
𝑛𝑐 =

2304 − 3080𝜃 + 1340𝜃2 + 75𝜃3

2(18 − 5𝜃)Δ
 

𝑞0
𝑛𝑐 =

152 + 4𝜃 + 15𝜃2

Δ
 

𝑞1
𝑛𝑐 =

152 − 60𝜃 − 5𝜃2

Δ
 

𝑡𝑛𝑐 =
24 − 4𝜃 + 25𝜃2

Δ
 

𝑀𝐸𝐷𝑛𝑐 =
2(88 − 48𝜃 + 5𝜃2)

Δ
 

𝜋0
𝑛𝑐 =

88501248 − 106707456𝜃 + 29383104𝜃2 + 8923840𝜃3 − 5265200𝜃4 + 466000𝜃5 − 20625𝜃6

8(18 − 5𝜃)2Δ2
 

𝜋1
𝑛𝑐 =

88501248 − 113720832𝜃 + 47768000𝜃2 − 7565120𝜃3 + 2093200𝜃4 − 604000𝜃5 − 35625𝜃6

8(18 − 5𝜃)2Δ2
 

𝑊𝑛𝑐 =
133788672 − 139438080𝜃 + 48558016𝜃2 − 4628160𝜃3 + 533200𝜃4 − 453000𝜃5 − 3125𝜃6

4(18 − 5𝜃)2Δ2
 

(3’) 

   

where 𝚫 ≡ 𝟔𝟑𝟐 − 𝟏𝟖𝟎𝜽 + 𝟐𝟓𝜽𝟐 > 𝟎. 
 
Proposition A.3. 2 Under the non-committed policy regime, 𝒕𝒏𝒄 < 𝑴𝑬𝑫𝒏𝒄 for any 
𝜽𝝐(𝟎, 𝟏).  
 
 
A.3.3 Comparing policy regimes 
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Proposition A.3. 3  𝒕𝒏𝒄 < 𝒕𝒄 for any 𝜽𝝐(𝟎, 𝟏).  
 
Proposition A.3. 4    
    1. 𝝅𝟎

𝒄 < 𝝅𝟎
𝒏𝒄  for any 𝟎 < 𝜽 < 𝜽𝝅𝟎

≈ 𝟎. 𝟒𝟒𝟎𝟏𝟑 where 𝜽𝝅𝟎
 satisfies that 𝝅𝟎

𝒄 (𝜽𝝅𝟎
) =

𝝅𝟎
𝒏𝒄(𝜽𝝅𝟎

);  

    2.  𝝅𝟏
𝒄 < 𝝅𝟏

𝒏𝒄 for any 𝜽𝝐(𝟎, 𝟏).  

  
It implies that both firms can earn simultaneously higher profits under the non-
committed policy regime when the degree of concern on net consumer surplus is not 
too high. 
 
Proposition A.3. 5    
    1. 𝑬𝑫𝒄 < 𝑬𝑫𝒏𝒄 for any 𝜽𝝐(𝟎, 𝟏);  
    2. 𝑾𝒄 > 𝑾𝒏𝒄 for any 𝜽𝝐(𝟎, 𝟏). 
 
Therefore, the committed regime is better for any degree of concern on net 
consumer surplus.
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Appendix B. “Time-inconsistent environmental policies 
with a consumer-friendly firm: Tradable permits versus 
emission tax” 
 
B.1 The values of 𝚿𝒋 and 𝝍𝒋 

2 3 4 5 6

0

7 8 9 10 12

2 3 4 5 6

1

= 21029474664 2549735820 501129180 908895330 110242296 46078632

3185244 904041 27216 7128 16 ;

= 42199249752 19671583860 6129679860 1632888558 309171816 55573128

67

     

    

     

      

    

      

 7 8 9 10 12

2 3 4 5 6

2

7 8 9 10 12

2 3

0

36932 798903 55728 3240 16 ;

= 6407052696 1928855268 717799644 80048574 42270336 1893456

1212084 18873 12528 1560 16 ;

= 19755079146 1776371067 252749403 547148

    

     

    

   

   

      

    

    4 5 6

7 8 9 10 11 12

2 3 4 5 6

1

7 8 9 10 11

034 143738388 34205409

4527819 486567 25272 360 144 16 ;

= 28584262773 13764085704 3714674175 1124686620 180945819 36948636

3873177 563193 36936 4248 144 16

  

     

      

    

 

     

     

      12

2 3 4 5 6

2

7 8 9 10 12

;

= 12416587524 3686527485 1334901060 129078927 64796436 1012095

1744740 76626 19440 3168 32



      

    

     

    



51 

 

Bibliography 
 

Borenstein, S. On the efficiency of competitive markets for operating licenses.  

Quarterly Journal of Economics, 103(2):357-385, 1988.  

Brand, B. and Grothe, M. A note on ’Corporate Social Responsibility and Marketing 

Channel Coordination’.  Research in Economics, 67(4):324-327, 2013.  

Brand, B. and Grothe, M. Social responsibility in a bilateral monopoly.  Journal of 

Economics, 115(3):275-289, 2015.  

Dallas Burtraw and Kristen McCormack.  Consignment auctions of free emissions 

allowances.  Energy Policy, 107:337 - 344, 2017.  

Canton, J. and Soubeyran, A. and Stahn, H. Environmental Taxation and Vertical 

Cournot Oligopolies: How Eco-Industries Matter.  Environmental and Resource 

Economics, 40:369 - 382, 2005.  

Chang, Yang-Ming and Chen, Hung-Yi and Wang, Leonard F. S. and Wu, Shih-Jye.  

Corporate Social Responsibility and International Competition: A Welfare Analysis.  

Review of International Economics, 22(3):625–638, 2014.  

Chirco, Alessandra and Colombo, Caterina and Scrimitore, Marcella.  Quantity 

competition, endogenous motives and behavioral heterogeneity.  Theory and 

Decision, 74(1):55–74, 2013.  

Cho, S. and Lee, S.-H. Subsidization policy on the social enterprise for the 

underprivileged.  Korean Economic Review, 33(1):153-178, 2017.  

Denicolò, V. Pollution-reducing innovations under taxes or permits.  Oxford 

Economic Papers, 51(1):184-199, 1999.  

Alessio D’Amato and Bouwe R. Dijkstra.  Technology choice and environmental 

regulation under asymmetric information.  Resource and Energy Economics, 41:224 

- 247, 2015.  

Fershtman,Chaim and Judd,Kenneth L. Equilibrium Incentives in Oligopoly.  The 

American Economic Review, 77(5):927, 1987.  

Flores, D. and Garcia, A. On the output and welfare effects of a non-profit firm in a 

mixed duopoly: A generalization.  Economic Systems, 40(4):631-637, 2016.  

Fowlie, M. Emissions trading, electricity restructuring, and investment in pollution 

abatement.  American Economic Review, 100(3):837-869, 2010.  

Garcia, Arturo and Leal, Mariel and Lee, Sang-Ho.  Endogenous timing with a 

socially responsible firm. Working paper, Chonnam National University, 2018.  

Gersbach, H. and Glazer, A. Markets and regulatory hold-up problems.  Journal of 

Environmental Economics and Management, 37(2):151-164, 1999.  



52 

 

Gregory E. Goering.  Corporate social responsibility and marketing channel 

coordination.  Research in Economics, 66(2):142 - 148, 2012.  

Goering, Gregory E. The Profit-Maximizing Case for Corporate Social Responsibility 

in a Bilateral Monopoly.  Managerial and Decision Economics, 35(7):493–499, 2014.  

Hirose, K. and Lee, S.-H. and Matsumura, T. Environmental corporate social 

responsibility: A note on the first-mover advantage under price competition.  

Economics Bulletin, 37(1):214-221, 2017.  

Hsu, C.-C. and Lee, J.-Y. and Wang, L.F.S. Consumers awareness and 

environmental policy in differentiated mixed oligopoly.  International Review of 

Economics and Finance, 51:444-454, 2017.  

Kato, K. Can allowing to trade permits enhance welfare in mixed oligopoly?.  Journal 

of Economics, 88(3):263-283, 2006.  

Kato, K. Emission quota versus emission tax in a mixed duopoly.  Environmental 

Economics and Policy Studies, 13(1):43-63, 2011.  

Khezr, P. and MacKenzie, I.A. Consignment auctions.  Journal of Environmental 

Economics and Management, 87:42-51, 2018.  

Kim, Seung-Leul and Lee, Sang-Ho and Matsumura, Toshihiro.  Eco-technology 

licensing by a foreign innovator and privatization policy in a polluting mixed duopoly.  

Asia-Pacific Journal of Accounting and Economics,, 2017. forthcoming.  

Kim, Seung-Leul and Lee, Sang-Ho and Matsumura, Toshihiro.  Eco-technology 

licensing by a foreign innovator and privatization policy in a polluting mixed duopoly.  

Asia-Pacific Journal of Accounting and Economics,, 25(3-4):433-448, 2018.  

Kopel, M. Price and Quantity Contracts in a Mixed Duopoly with a Socially 

Concerned Firm.  Managerial and Decision Economics, 36(8):559-566, 2015.  

Michael Kopel and Björn Brand.  Socially responsible firms and endogenous choice 

of strategic incentives.  Economic Modelling, 29(3):982 - 989, 2012.  

KPMG.  International Survey of Corporate Responsibility Reporting 2013.  

KPMG.  International Survey of Corporate Responsibility Reporting 2015  

Luca Lambertini and Alessandro Tampieri.  Incentives, performance and desirability 

of socially responsible firms in a Cournot oligopoly.  Economic Modelling, 50:40 - 48, 

2015.  

 

Leal, Mariel and Garcia, Arturo and Lee,S.-H. The Timing of Environmental Tax 

Policy with a Consumer-Friendly Firm.  Hitotsubashi Journal of Economics, 59(1):25-

43, 2018.  



53 

 

Lee, S.-H. and Kim, I.-T. Self-selection and optimal nonlinear effluent charges.  

Environmental and Resource Economics, 16(1):1-14, 2000.  

Lee, S.-H. and Matsumura, T. and Sato, S. An analysis of entry-then-privatization 

model: welfare and policy implications.  Journal of Economics, 123:1 - 18, 2018.  

Lee, S.-H. and Park, C.-H. Eco-Firms and the Sequential Adoption of Environmental 

Corporate Social Responsibility in the Managerial Delegation.  B.E. Journal of 

Theoretical Economics,, 2017. forthcoming.  

Lee, Sang-Ho.  An optional permit system for global pollution control.  Economics 

Letters, 50(1):79 - 84, 1996.  

Lee, Sang-Ho.  Optimal taxation for polluting oligopolists with endogenous market 

structure.  Journal of Regulatory Economics, 15(3):293–308, 1999.  

Sang-Ho Lee and Jae-Cheol Kim.  Oligopolistic incentives for pollution control with 

nonzero conjectures.  Economics Letters, 49(1):95 - 99, 1995.  

Sang-Ho Lee and Chul-Hi Park.  Environmental Regulations on Vertical Oligopolies 

with Eco-Industry.  Korean Economic Review, 27(2):1 - 17, 2011.  

Lee, Sang-Ho and Park, Sang-Ha.  Tradable Emission Permits Regulations: The 

Role of Product Differentiation.  International Journal of Business and Economics, 

4(3):249-261, 2005.  

Lee, Sang-Ho and Xu, Lili.  Endogenous timing in private and mixed duopolies with 

emission taxes.  Journal of Economics, 124(2):175-201, 2018.  

Lian, X. and Gong, Q. and Wang, L.F.S. Consumer awareness and ex-ante versus 

ex-post environmental policies revisited.  International Review of Economics and 

Finance, 55:68-77, 2018.  

Liu, C.-C. and Wang, L.F.S. and Lee, S.-H. Strategic environmental corporate social 

responsibility in a differentiated duopoly market.  Economics Letters, 129:108-111, 

2015.  

Malueg, D.A. Welfare consequences of emission credit trading programs.  Journal 

of Environmental Economics and Management, 18(1):66-77, 1990.  

Matsumura, Toshihiro and Ogawa, Akira.  Corporate Social Responsibility or Payoff 

Asymmetry? A Study of an Endogenous Timing Game.  Southern Economic Journal, 

81(2):457–473, 2014.  

Matsumura, Toshihiro and Ogawa, Akira.  Endogenous Timing in Mixed Duopolies 

With Externality.  Australian Economic Papers, 56(4):304–327, 2017.  

Moner-Colonques, R. and Rubio, S.J. The timing of environmental policy in a 

duopolistic market.  Economia Agraria y Recursos Naturales, 15(1):11-40, 2015.  



54 

 

Montero, J.P. A note on environmental policy and innovation when governments 

cannot commit.  Energy Economics, 33:S13 - S19, 2011.  

Moreno, D. and Ubeda, L. Capacity precommitment and price competition yield the 

Cournot outcome.  Games and Economic Behavior, 56(2):323-332, 2006.  

Nakamura, Y. Capacity choice in a duopoly with a consumer-friendly firm and an 

absolute profit-maximizing firm.  International Review of Economics and Finance, 

34:105-117, 2014.  

Nash, John. Non-Cooperative Games. Annals of Mathematics, 54(2): 286–295, 

1951. 

Ohori, S. Optimal environmental tax and level of privatization in an international 

duopoly.  Journal of Regulatory Economics, 29(2):225-233, 2006.  

Pal, R. and Saha, B. Mixed Duopoly and Environment.  Journal of Public Economic 

Theory, 16(1):96-118, 2014.  

Pal, R. and Saha, B. Pollution tax, partial privatization and environment.  Resource 

and Energy Economics, 40:19-35, 2015.  

Petrakis, E. and Xepapadeas, A. Does government precommitment promote 

environmental innovation?.  In Environmental Regulation and Market Power: 

Competition, Time Consistency and International Trade, Edward Elgar Publishing, 

:145-161, 1999.  

Petrakis, E. and Xepapadeas, A. To commit or not to commit: Environmental policy 

in imperfectly competitive markets.  Working paper, University of Crete, 2001.  

Poyago-Theotoky, J. and Teerasuwannajak, K. The timing of environmental policy: 

A note on the role of product differentiation.  Journal of Regulatory Economics, 

21(3):305-316, 2002.  

PricewaterhouseCoopers.  CSR Trends. 2010.  

Requate, T. Pollution control in a Cournot duopoly via taxes or permits.  Journal of 

Economics, 58(3):255-291, 1993.  

Till Requate.  Environmental Policy under Imperfect Competition.  In The 

International Yearbook of Environmental and Resource Economics 2006/2007, ed. 

T. Tietenberg and H. Folmer. Northampton, MA: Edward Elgar., 2007.  

Till Requate and Wolfram Unold.  Environmental policy incentives to adopt advanced 

abatement technology:: Will the true ranking please stand up?.  European Economic 

Review, 47(1):125 - 146, 2003.  

Rode, Ashwin.  Rent-seeking over tradable emission permits: Theory and Evidence. 

Working paper, University of Chicago, 2014.  



55 

 

Sartzetakis, E.S. On the efficiency of competitive markets for emission permits.  

Environmental and Resource Economics, 27(1):1-19, 2004.  

Sartzetakis, E.S. Tradeable emission permits regulations in the presence of 

imperfectly competitive product markets: Welfare implications.  Environmental and 

Resource Economics, 9(1):65-81, 1997.  

Shaffer, Sherrill.  Optimal linear taxation of polluting oligopolists.  Journal of 

Regulatory Economics, 7(1):85–100, 1995.  

Stavins, R.N. What Can We Learn from the Grand Policy Experiment? Lessons from 

SO2 Allowance Trading.  Journal of Economic Perspectives, 12(3):69-88, 1998.  

The Climate Reality Project. Handbook on Carbon Pricing Instruments,  2017. 

Vickers, J. Strategic competition among the few-some recent developments in the 

economics of industry.  Oxford Review of Economic Policy, 1(3):39-62, 1985.  

Wang, L.F.S. and Wang, J. Environmental taxes in a differentiated mixed duopoly.  

Economic Systems, 33(4):389-396, 2009.  

Wirl, F. Taxes versus permits as incentive for the intertemporal supply of a clean 

technology by a monopolist.  Resource and Energy Economics, 36:248 - 269, 2014.  

Xu, L. and Cho, S. and Lee, S.-H. Emission tax and optimal privatization in Cournot-

Bertrand comparison.  Economic Modelling, 55:73-82, 2016.  

Xu, L. and Lee, S.-H. Strategic privatization with tariffs and environmental taxes in 

an international mixed duopoly.  Hitotsubashi Journal of Economics, 56(1):135-154, 

2015.  

Xu, L. and Lee, S.-H. The timing of environmental policies with excess burden of 

taxation in free-entry mixed markets.  International Review of Economics and 

Finance, 2018. Article in Press.  

Xu, L. and Lee, S.-H. and Matsumura, T. Ex-ante versus ex-post privatization 

policies with foreign penetration in free-entry mixed markets.  International Review 

of Economics and Finance, 50:1 - 7, 2017.    



56 

 

Published papers 

Leal, M., Garcia, A., Lee, S.H. The timing of environmental tax policy with a 
consumer-friendly firm. Hitotsubashi Journal of Economics, 59, 25-43, 2018 
 
García, A., Leal, M., Lee, S.H. Time-inconsistent environmental policies with a 
consumer-friendly firm: Tradable permits versus emission tax. International Review 
of Economics & Finance, In Press. 
 
 
  



57 

 

Curriculum Vitae 

Arturo García Martínez was born in Nuevo Laredo Tamps., México, on November 
26, 1987. He earned the Business Management degree from Universidad 
TecMilenio in September 2009 and the Master in Economics degree with orientation 
in Industrial Economy in February 2012. He entered the graduate program in School 
of Engineering and Sciences in August 2014. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This document was typed in using Microsoft Word by Arturo García Martínez 
 

 
 


	Tesis
	DCI_ARTURO GARCIA MARTINEZ(2)
	p02



