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Abstract

    In this paper, we assume two countries with trade of environmental goods 
(EGs), and then investigate the impacts of the emission tax, the tariff on imported 
EGs, and the subsidy for purchasing EGs.  In our model, EGs are produced only in 
the exporting country, and the firms in the eco-industry which produces EGs engage 
in Cournot competition with free entry, while a polluting final goods sector in EGs’ 
importing country is perfectly competitive.  Then, assuming the end of pipe pollution 
abatement in the polluting sector, we can obtain the following results: (I) Trade 
liberalization of EGs, that is, a decrease in the tariff on EGs and the subsidy for 
purchasing EGs increase the total output of EGs, and thus decrease the amount of 
emissions.  (II) The impact of the subsidy on the price of EGs depends on the shape 
of the demand curve for EGs, while trade liberalization decreases the price.  (III) The 
optimal emission tax level will be lower than the Pigouvian one if the level of the 
subsidy is higher than that of the tariff.  (IV) The optimal tariff evaluating at the 
optimal emission tax level is negative, that is, the import subsidy can be optimal 
when the demand curve for EGs is linear or weak convex.  (V) Under the same 
demand condition, the optimal purchasing subsidy is positive even when EGs’ 
importing country implements the optimal emission tax. 
JEL Classification: F12, F18, Q58
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1.  Introduction

The industries which supply environmental goods and services such as pollution 
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management, resource management, and cleaner technology and products are called 
environmental industries or eco-industries.  Assignment of environmental goods (hereafter, 
EGs) to be liberalized has become one of the important subjects in WTO and other negotiations 
regarding trade and the environment because the expansion of domestic eco-industries and the 
dissemination of EGs through international trade can simultaneously achieve economic 
development and environmental protection.  For example, APEC member countries agreed to 
reduce the applied tariff rate on EGs to 5% or less by the end of 2015, and then determined 54 
items as EGs to be covered in 2012.  Given this actual situation, it is very important for us to 
investigate the economic and environmental impact of trade liberalization of EGs, and to clar-
ify the relation between the liberalization and domestic environmental policies.2) 

David and Sinclair-Desgagné (2005) noted that “significant segments of the eco-industry, 
such as waste management, are dominated by a small number of large suppliers.  These envi-
ronment firms certainly enjoy some market power and matter to each other.” Since their litera-
ture, the research for imperfectly competitive eco-industries has been actively conducted.  
Then, sorting these papers from the perspective of (i) with or without international trade of 
EGs, (ii) with or without free entry and exit, that is, long run or short run; we obtain the 
following Table 1.3)

As denoted in David, et al. (2011) and Lee and Park (2011), an emission tax imposed on 
polluting downstream producers can increase the number of firms in the upstream eco-

industry, while it reduces the output of each incumbent firm which produces EGs.  Due to this 
effect, they show that, unlike the case of the short run, the level of optimal emission tax can be 
not only higher but also lower than that of the Pigouvian tax.  Therefore, in addition to (i), we 
need to consider the difference between the short-run and long-run effect when we investigate 
the impacts of trade and environmental policies on the upstream and downstream markets and 

  2)  Sinclair-Desgagné (2008) is a comprehensive survey in this filed.
  3)	 In a small open economy, Abe and Koonsed (2016) examined the impacts of the tariffs and the emission tax 

on the imports of polluting final goods and EGs.  They then considered the optimal combination of these 
policies.  As different types of EGs, e.g., Wan, et al. (2018) supposed final goods whose consumption 
improves the environment, and then analyzed the impact of trade liberalization in such EGs.

Table 1: Classification of articles for imperfectly competitive eco-industries

(ii) / (i) Closed economy
(without trade of EGs)

Open economy
(with trade of EGs)

Short run

David and Sinclair-Desgagné (2005)
Canton, et al. (2008)

David and Sinclair-Desgagné (2010)
Schwartz and Stahn (2014) 

Nimubona and Benchekroun (2015)
*There are many papers.

Canton (2007)
Greaker and Rosendahl (2008)

Nimubona (2012)
Dijkstra and Mathew (2015)

Long run David, et al.  (2011)
Lee and Park (2011) None
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pollution emissions.4)

On the other hand, Canton (2007), Greaker and Rosendahl (2008), Nimubona (2012), and 
Dijkstra and Mathew (2015) have analyzed international trade of EGs in the short run.  Canton 
(2007) supposed two countries whose abatement technologies are different, then examined the 
role of cooperative and non-cooperative environmental taxation.  Greaker and Rosendahl 
(2008) investigated the impact of environmental standards on the output of EGs, the level of 
cost reducing R&D in upstream firms which produce EGs, and welfare under reciprocal 
market model.  Nimubona (2012) examined the relation between optimal emission tax and the 
tariff on an imported EG in the case where the developing country cannot domestically 
produce the EG.  Dijkstra and Mathew (2015) analyzed R&D incentive for introducing cleaner 
technology in the upstream firms under autarky and free trade. 

Despite the significant contribution of previous studies so far, there is still room for an 
anatomy in this field with respect to the following two points.  First, as shown in Table 1, the 
effect of trade liberalization of EGs has not yet been analyzed in the model of oligopolistic 
eco-industry with free entry and exit.  Second, the role of a subsidy for purchasing EGs in 
their importing country has not been investigated, too.5) 

Under Ricardian two countries’ model, Abe and Sugiyama (2010) analyzed the role of the 
purchasing subsidy, and then revealed that the subsidy can be substitute for the emission 
tax.  However, as far as we know, there are no papers which treat the subsidy in the model of 
oligopolistic eco-industry with trade of EGs.  Hence, in this paper, we aim for elucidating the 
impacts of trade liberalization in EGs and the subsidy for purchasing EGs in addition to the 
emission tax on markets of polluting final goods (hereafter, FGs) and EGs, the amount of emis-
sions, and welfare of EGs’ importing country.  We then reveal the relation between these poli-
cies from the viewpoint of welfare maximization of the country. 

As shown in Fig. 1, we combine the model of David, et al. (2011) with that of Nimubona 
(2012) in order to implement our analysis.  In detail, our model consists of the exporting and 
importing countries of EGs.  The importing country does not domestically produce EGs, and 
free entry and exit prevails in the eco-industry of EGs’ exporting country.  Then, assuming the 
end of pipe type’s emissions abatement activity, we can obtain the following results: (I) Trade 
liberalization, that is, a decrease in the tariff of EGs and the subsidy for purchasing them 
increase the total output of EGs, and thus decrease the amount of emissions.  (II) The impact 
of the subsidy on the price of EGs depends on the shape of the demand curve for EGs, while 
trade liberalization definitely decreases the price.  (III) The optimal emission tax level will be 
lower than the Pigouvian one if the level of the subsidy is higher than that of the tariff.  (IV) 
The optimal tariff evaluating at the optimal emission tax level seems to be negative, that is, the 
import subsidy for EGs can be optimal when the demand curve for EGs is linear or weak 
convex.  (V) Under the same demand condition, the optimal purchasing subsidy seems to be 
positive even when EGs’ importing country implements the optimal emission tax. 

The remainder of the paper is organized as follows.  Section 2 presents our model.  Sec-

  4)	 For example, see Katsoulacos and Xepapadeas (1995) for the impact of environmental policy on oligop-
olistic final goods market with free entry.

  5)	 In the case of a closed economy, David and Sinclair-Desgagné (2010) show that to achieve the first best 
outcome, instead of the purchasing subsidy to downstream firms, it is necessary to combine the produc-
tion subsidy to upstream firms with the emission tax on the polluting downstream sector.
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tion 3 discusses the impacts of the emission tax, the tariff on imported EGs, and the subsidy 
for purchasing EGs on the supply side of the economy.  Section 4 derives the optimal level of 
each policy.  Section 5 provides some concluding remarks.

2.  Model

There are two countries in our model.  One is the importing country of EGs and the other 
is their exporting country.  The importing country has a polluting and perfectly competitive 
FGs sector.  The firms in this sector abate their emissions by purchasing the imported EGs.  We 
assume that all FGs are consumed within the importing country. 

On the other hand, the eco-industry which produces EGs is assumed as an oligopolistic 
market with free entry and exit, and is located in the exporting country.  There are no domestic 
production and consumption of FGs in this country.

 Emissions from FGs sector are expressed by the following emission function:

E X A X A, ( ),� � � � � �� � � (1)

where E, X, and A represent the amount of emissions, the output of FGs, and the input of EGs, 
respectively.  Moreover, we assume �� � �� X 0, ��� � �� X 0 , �� � �� A 0 , ��� � �� A 0, and 

���� �� A 0  like David, et al. (2011).6) 

As shown in Fig. 2, an increase in the output of FGs increases pollution emissions at an 
increasing ��� � �� �� X 0 , or constant rate ��� � �� �� X 0 .  Along with above mentioned papers 
starting with David and Sinclair-Desgagné (2005), we also assume that although an increase in 
the input of EGs decreases the emissions, the abatement effect of EGs is gradually decreased, 
that is, ��� � �� A 0.  As a result, the remainder after deducting the abated emissions causes the 
external diseconomy. 

In the following analysis, we examine a two-stage game.  In the first stage, the govern-
ment of EGs’ importing country sets the emission tax, the tariff on imported EGs, and the sub-

  6)	 Hereafter, the symbols “ ′ ”, “ ″ ”, and “ ‴ ” attached to a function represent the first, second, and third-

order derivatives of the function, respectively. 

importing country has not been investigated, too.5 

Under Ricardian two countries’ model, Abe and Sugiyama (2010) analyzed the role of the 

purchasing subsidy, and then, revealed that the subsidy can be substitute for the emission tax. 

However, as far as we know, there are no papers which treat the subsidy in the model of 

oligopolistic eco-industry with trade of EGs. Hence, in this paper, we aim for elucidating the 

impacts of trade liberalization in EGs and the subsidy for purchasing EGs in addition to the 

emission tax on markets of polluting final goods (FGs) and EGs, the amount of emissions, and 

welfare of EGs’ importing country. We then reveal the relation between these policies from the 

viewpoint of welfare maximization of the country. 

Importing country 

Perfectly competitive and 

polluting FGs sector 
Exporting country 

Oligopolistic EGs sector 
(The number of firms is also 

an endogenous variable.) 

EGs 

Border 

Fig. 1: The model structure
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sidy to polluting downstream firms for purchasing the EGs to maximize welfare of the 
country.  In the second stage, firms in the upstream eco-industry choose each output level of 
EGs.  Note that there are many potential entry firms in this sector.  These firms will enter as 
long as incumbent firms earn excess profits.  In addition, polluting downstream sector deter-
mines both the output level of FGs and the input demand for EGs.  The subgame-perfect Nash 
equilibrium is deduced by using backward induction.

2.1  The profit maximization of FGs sector
Here, we consider the profit maximization in FGs sector.  Note that the price of FGs (P) is 

given for each firm because of perfect competition.  Let the price of EGs, the emission tax, and 
the subsidy to purchase EGs be p, t, and s respectively.  The profit (Π ) of the FGs producers is 
written as follows:7)

          ,X A PX C X p s A t X A        ,� (2)

where C(X) is cost function for producing FGs, and we suppose �� � �C X 0, ��� � �C X 0.  From 
(2), the first order conditions are represented as follows:

   / 0,X P C X t X         � (3)
   / 0A p s t A        .� (4)

In (3), P intends to the supply price of FGs.  Here, let us denote the demand price for FGs 
as the inverse demand function (P(X)).  Since the market clearing condition of FGs means that 

  7)	 Our model is closely related to the vertical oligopoly model involving trade of intermediate goods.  For 
example, see Ishikawa and Lee (1997) and Ishikawa and Spencer (1999) for this subject.

𝛼𝛼(𝑋𝑋) 

0
𝑋𝑋, 𝐴𝐴

𝛽𝛽(𝐴𝐴) 
∗ 𝛽𝛽′(𝐴𝐴) > 0, 𝛽𝛽′′(𝐴𝐴) < 0 

𝐸𝐸, 𝛼𝛼(𝑋𝑋), 𝛽𝛽(𝐴𝐴) 
Fig. 2: The emission function under the case of ��� � �� �� X 0
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the supply price of FGs is equal to the demand price, the condition from (3) can be expressed 
as follows:

P X C X t X� � � � � � � �� �� ,.� (5)

From (5), we obtain X X t� � �.  Note that this output does not depend on the tariff and the 
purchasing subsidy because of the dichotomy between (3) and (4) stemming from the end of 
pipe type’s emission function.

On the other hand, from (4), we obtain the inverse demand function for EGs as follows:

p A t s t A s, , .� � � � � ���  �  (6)

Hence we have,8) 

p A t s t A p A t s t A
p A t s A
A AA

t

, , , , , ,

, ,

� � � � � � � � � � �
� � � �� � �

�� ���� �
�

0 0
00 0 1

0

, , , , , , ,

, , , ,

p A t s p A t s
p A t s p A t s A

tt s

At tA

� � � � � �
� � � � � � � � ���� ..

� (7)

From (6) and (7), we find that the signs of first-, second-, and third-order derivatives of 
� A� �  are closely related to the demand curve for EGs.  Fig. 3 summarizes the properties of 
the curve.  At first, since we assume ��� � �� A 0, the demand curve becomes downward 
sloping.  It also means that the abatement function increases with the input of EGs at a 
decreasing rate.  Next, the third-order derivative of � A� �  expresses the shape of this demand 
curve.  As shown in Fig. 3, ���� � �� A 0, ���� � �� A 0, and ���� � �� A 0  correspond that the 

8)	 Hereafter, subscripts on p A t s, ,� �  represent the first- or second-order partial derivative of p A t s, ,� �  
with respect to the corresponding variables.

10 
 

purchasing subsidy because of the dichotomy between (3) and (4) stemming from the end of 

pipe type’s emission function. 

On the other hand, from (4), we obtain the inverse demand function for EGs as follows: 

𝑝𝑝(𝐴𝐴, 𝑡𝑡, 𝑠𝑠) = 𝑡𝑡𝛽𝛽′(𝐴𝐴) + 𝑠𝑠.                          (6) 

Hence we have,8  

𝑝𝑝𝐴𝐴(𝐴𝐴, 𝑡𝑡, 𝑠𝑠) = 𝑡𝑡𝛽𝛽′′(𝐴𝐴) < 0, 𝑝𝑝𝐴𝐴𝐴𝐴(𝐴𝐴, 𝑡𝑡, 𝑠𝑠) = 𝑡𝑡𝛽𝛽′′′(𝐴𝐴) ⋛ 0,  

𝑝𝑝𝑡𝑡(𝐴𝐴, 𝑡𝑡, 𝑠𝑠) = 𝛽𝛽′(𝐴𝐴) > 0, 𝑝𝑝𝑡𝑡𝑡𝑡(𝐴𝐴, 𝑡𝑡, 𝑠𝑠) = 0, 𝑝𝑝𝑠𝑠(𝐴𝐴, 𝑡𝑡, 𝑠𝑠) = 1,             (7) 

𝑝𝑝𝐴𝐴𝐴𝐴(𝐴𝐴, 𝑡𝑡, 𝑠𝑠) = 𝑝𝑝𝑡𝑡𝑡𝑡(𝐴𝐴, 𝑡𝑡, 𝑠𝑠) = 𝛽𝛽′′(𝐴𝐴) < 0. 

 
Fig.3: The properties of the inverse demand function for EGs 

 

                                                   
8 Hereafter, subscripts on 𝑝𝑝(𝐴𝐴, 𝑡𝑡, 𝑠𝑠) represent the first- or second-order partial derivative of 
𝑝𝑝(𝐴𝐴, 𝑡𝑡, 𝑠𝑠) with respect to the corresponding variables. 

0 
𝐴𝐴 

𝑡𝑡𝛽𝛽′′′(𝐴𝐴) < 0 

𝑃𝑃(𝐴𝐴, 𝑡𝑡, 𝑠𝑠) = 𝑡𝑡 𝛽𝛽′(𝐴𝐴) + 𝑠𝑠 

𝑡𝑡𝛽𝛽′′′(𝐴𝐴) = 0 

𝑡𝑡𝛽𝛽′′′(𝐴𝐴) > 0 

Fig. 3: The properties of the inverse demand function for EGs
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demand curve is concave, linear, and convex, respectively.  As shown in David, et al. (2011), 
and then in our analysis, this sign plays an important role as the determinant factor when we 
examine the impacts of the emission tax, the tariff on imported EGs, and the subsidy for 
purchasing EGs. 

2.2  The profit maximization of EGs firms
Next, we consider the profit maximization of an upstream oligopolistic firm which pro-

duces an EG.  Let firm i’s output and the tariff on EGs be ai and τ , respectively, the profit func-
tion (π) is written as follows:

� � �i i i i i ia A t s p A t s a g a a F, , , , , , ,�� � � � � � � � � � � (8)

where A a jj
n� �� 1  and A A ai i� � � .  In addition, g ai� �  and F denote firm i’s variable cost 

function and fixed cost, respectively.  We suppose �� � �g ai 0  and ��� � �g ai 0. 
From (8), the first order condition is represented as follows:

� � � � � � � � � � � � ��� �i i
A

i ia p A t s a p A t s g a/ , , , , 0.� (9)

Considering symmetric “n” firms, the first order and free entry conditions in the eco-industry 
are written as follows, respectively:

p na t s a p na t s g aA , , , , ,� � � � � � � � � �� � 0  � (10)

p na t s a g a a F, , ,� � � � � � � �� 0 � (11)

where a is the output of a representative firm in eco-industry.  From (10) and (11), each firm’s 
output of EGs (a) and the number of firms (n) are determined as the function of the emission 
tax (t), the tariff on imported EGs (τ ), and the subsidy for purchasing EGs (s).  Namely, they 
are expressed as a a t s� � �, ,�  and n n t s� � �, ,� .

3.  Preliminaries

Total differentiation of (10) and (11) is represented as follows:

p A n p g p a p a
n p a p a

da
dn

pAA A AA A

A A

At� �� � � �� �
�� �

�

�
�

�

�
�
�
��

�
��
� �1

1

2

2

aa p
p a

dt a d a ds
t

t

�� �
�

�
��

�
��

� �
��
�
��

� �
��
�
��

1 1� , � (12)

where the determinant of matrix of the left-hand side is J p a p a p gA AA A� � � ��� �2 2 . More-

over, in the following analysis, we define J p a p g t a gAA A� � � � �� � ��� ��� �� ��2 2� � , where 
J < 0  if the second-order condition for the profit maximization of upstream oligopolistic 

firms is satisfied, and the demand for EGs is downward sloping with respect to the correspond-
ing price (i.e., p tA � ���� 0).  Therefore, we obtain | | | | .J p a JA� �2 0

9)

  9)	 In our model, pAA � ��� �� 0  corresponds to convexity of the demand for EGs.  We assume that the sec-
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3.1  The effect of the emission tax
At the beginning, we show the effect of the emission tax on the output of each upstream 

firm and the number of firms in the eco-industry.  From (12), we obtain 

� � � �� �a t a p p p p p Jt AA A At A/ / , � (13)

� � � �� � � � �� �� ���n t A a p p p p A p g p a JA At t AA A A/ /2  .� (14)

Hence, if the demand curve for EGs is linear pAA �� �0  or concave pAA �� �0 , or if 
p p p pt AA A At<  is satisfied even in the case of convex pAA �� �0 ; we obtain � � �a t/ .0  That 

is, the output of each upstream firm is decreased with an increase in the emission tax as long as 
the demand curve for EGs is not very convex.  Similarly, the sign of ∂ ∂n t/  also hinges on that 
of pAA.  If pAA ≤ 0  or p A p gAA A� � ���2 0  even in pAA > 0 , � � �n t/ 0  is obtained.  However, 
we cannot exclude p A p gAA A� � ���2 0  because of A a> .10)

Moreover, noting dA nda adn� � , we get as follows:

� � � � �� �� � � � �� �� ��� ��A t p g p p a p p J p g p n p Jt A At t A t A A/ / ' / / ,2 2 � � � (15)

where � � �� � �� � �A / 0 denotes the relative curvature degree of the abatement function β  
regarding A.  The larger the degree is, the less efficient the input of EGs becomes.  Considering 
an increase in the number of firms leads to an increase in the total output of EGs, we can con-
firm that the emission tax increases the total output of EGs if 2n � � .11)

On the other hand, from (5), the impact of the emission tax on the output of FGs is as fol-
lows:

dX dt P C t/ / ,� � � � ��� � �� ��� � 0.� (16)

That is, the emission tax definitely reduces the output of FGs because of � �P 0, �� �C 0, � �� 0, 
and �� �� 0. 

In addition, considering (1), the impact on the amount of emissions is written as follows:

� � � �� � � �� �E t X t A t/ / /� � .� (17)

Hence, considering (15) and (16), we can find the emission tax decreases pollution emissions 
when 2n � �  and thus � � �A t/ 0.

Lastly, we confirm that the impact of the emission tax on the price of EGs.  In the 
equilibrium, (6) is expressed as p A t s t A t s s, , , , ,� � �� � � � ��� ���� .  In such a case, the influence 

ond-order condition for the profit maximization of upstream firms is satisfied even in this case.  It means 
that the demand curve for EGs is not very convex.

10)	 As shown in David, et al. (2011), the expected higher profits attract entry of new firms, and then the out-
put of each incumbent firm decreases with new entry.  This effect is called as a ‘‘business-stealing 
effect’’.  In this case, the phenomenon where the number of firms under free entry is larger than the 
socially optimal number is well known as “the excess entry theorem”.  See Mankiw and Whinston 
(1986) and Suzumura and Kiyono (1987) for the theorem.

11)	 If the purchasing subsidy is zero (s = 0), � � �A t/ 0  is definitely realized as long as �� �g 0.  See David, 
et al. (2011) regarding this point.
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on the price is written as follows:

dp dt p A t p a p p p p JA t t AA A At/ / / .� � � � � �� �  � (18)

The determinant factor of the sign of dp dt/  is p p p pt AA A At− .  If the demand curve for EGs is 
linear or concave pAA �� �0 , or if p p p pt AA A At<  is satisfied even in the case of convex 
pAA �� �0 , we obtain dp dt/ > 0.  This condition is similar to (13).  That is, although the 

emission tax has a negative influence on the price via the increase in the total output of EGs, 
this impact is relatively small because the tax decreases each firm’s output of EGs.  It means 
that the indirect effect p A tA� � �� �/ 0  is smaller than the direct effect of the emission tax 
pt �� �0  as long as the demand curve for EGs is not very convex. 

3.2  The effects of trade liberalization and purchase subsidy
Next, we examine the impacts of trade liberalization of EGs and the subsidy to purchase 

the EGs.  However, from (12), we can confirm that both a decrease in the import tariff on EGs 
and an increase in the subsidy for purchasing them have same impacts on the supply side of 
the economy except for the influence on the price of EGs. 

� � � �� �� � � �a a s p a p JAA A/ / / ,�  � (19)

�� � � �� �� � � � � ��n n s p A p g p a JAA A A/ / ( ) / .� 2  � (20)

From (19), we find that the sign of � �a / �  depends on that of pAA, in other words, ���� .  Noting 
that J < 0  and our model includes the case where the demand curve for EGs is weakly 
convex, we have � �a / � 0  if and only if pAA 0.   On the other hand, in (20), the sign of 
� �n / �  depends on that of p A p gAA A� � ��2  such as (14).

Moreover, noting dA nda adn� � ,  we obtain as following equation:

� � � �� �� � � �� � ���A A s p g p JA A/ / / .� 2 0 � (21)

That is, both trade liberalization of EGs and the subsidy to purchase them definitely increase 
the total output of EGs. 

Referring to (5), the effect on the output of FGs becomes dX d dX ds/ / .� � � 0                                 
Hence, from (21), we find that trade liberalization of EGs decreases pollution emissions 
because the liberalization increases entry firms, and then the amount of imported EGs, 
although it may decrease the each firm’s output in the eco-industry.  That is, 

� � � �� �� � � � �� � � �� �� � �E E s A A s/ / / / .� � � � 0  � (22)

Finally, we verify that the impacts of the liberalization and the subsidy on the price of 
EGs.  As denoted above, we obtain p A t s t A t s s, , , , ,� � �� � � � ��� ����  in the equilibrium.  There-
fore, the impacts are expressed as follows:

dp d p A p g JA A/ / / ,� �� � � � � ��� � �2 0 � (23)
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dp ds p A s p a JA AA/ / / ,� � � � �1  � (24)

where ps =1 from (7).
From (23), trade liberalization of EGs clearly decreases the price of the goods because the 

liberalization does not influence on the output of FGs.  On the other hand, the sign of dp ds/  
depends on that of pAA, in other words, ���� .  This condition is similar to (19).  Hence, noting 
that J < 0, we find that ∂ ∂p s/ 0  if and only if pAA 0,.  That is, if the demand curve is 
weak convex, the subsidy can swell not only each firm’s output of EGs but also the number of 
firms in the eco-industry.  In such a case, the indirect effect of the subsidy p A sA� � �� �/ 0  is 
larger than the direct effect ps � �� �1 0 .

We summarize above results as Proposition 1.
Proposition 1: Suppose that J p a p gAA A� � � ���2 0 .  In this case, we obtain the following 
results:
(I) Trade liberalization of EGs, that is, a decrease in the import tariff on the goods decreases 
(increases) the each firm’s output of EGs if   0AAp   , while the tariff does not affect the out-
put if pAA = 0 .  The liberalization increases the number of firms in the eco-industry as long as 
the demand curve for EGs is not very convex.  Then, the liberalization definitely increases the 
total output of EGs while it does not change the output of FGs.  Hence, pollution emissions 
also decreases with trade liberalization.  Moreover, the liberalization definitely drops the price 
of EGs. 
(II) In the case where there are no domestic producers for EGs, the impact of the subsidy for 
purchasing EGs on the supply side of the economy is equivalent to that of trade liberalization 
except for the influence on the price of EGs.  The price increases (decreases) with the subsidy 
if   0AAp   , while it does not affect the price if pAA = 0.

4.  The importing country’s welfare

In the following analysis, we express welfare of the importing country as W.  Tax revenue 
from the emission tax and the tariff on imported EGs is distributed to domestic consumers in a 
lump-sum fashion.  The subsidy for purchasing EGs is also collected from the consumers in 
the same method.    

Considering this point, welfare of the country is written as follows:

W t s P z dz PX PX C X p s A t X A
X

, ,� � �� �� � � ��
��

�
��
� � � � � �� � � � � � � �� ��� ��0 ��

� � � � � �� �� � � � � � � �� �
� � � � � � � �� � � �

t X A A sA v X A

P z dz C X p A v X

� � � � �

� � �� � � �� �� � A
X

0

,

� (25)

where P z dz PX
X

� � ��0
 denotes consumer’s surplus, and v is the marginal environmental 

damage from pollution emissions.
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4.1  The optimal emission tax
Considering (3) and (4), and noting A = na, we can derive the following welfare effect 

with respect to the emission tax:

� � � �� � � � � � � � � �� �� �
� �� � � � � � ��

� �W t t v X t n a t a n t
s n a t a n t

/ / / /

/ /

� �
� �� � � �A p t/ ,

� (26)

where � � � � � � � �A t n a t a n t/ / / , denoting that the impact on the total output of EGs is 
constructed from the changes of the each firm’s output and the number of firms.

As shown in the right-hand side of (26), there are three terms regarding the impact on the 
welfare.  The first term represents the negative externality caused by pollution emissions.  This 
term exists even when we suppose that both downstream and upstream markets are perfectly 
competitive, in other words, we suppose a small open economy.  The first term consists of two 
components.  The first component t v�� �  is the difference between the emission tax and the 
marginal environmental damage or the Pigouvian tax.  The second component is the influence 
of the emission tax on the amount of emissions.  Note that from (15) and (16), � � �A t/ 0  if 
2n � �  and � � �X t/ .0   In this case, we can obtain � � �E t/ 0  from (17).  Hence, the second 
component in the first term becomes negative.

The second term of the right-hand side in (26) denotes the (net) tariff revenue effect.  This 
effect also exists whether the firms in the eco-industry engage in perfect competition or imper-
fect one, as long as either τ  or s is not zero.  Considering the government provides the subsidy 
to purchase EGs, this effect becomes positive when � � s  because � � �A t/ 0  if 2n � � .  

Finally, the third-term of the right hand side in (26) corresponds to the terms of trade 
effect.  This effect does not occur in the case of a small open economy (see Abe and Koonsed, 
2016).  We find that this term gives a negative impact to the importing country’s welfare 
because � � �p t/ 0  as long as the demand curve for EGs is not very convex.12)

Hence, setting � � �W t/ 0  in (26), the optimal emission tax rate (t̂) is represented as follows:

    /ˆ / / / / ,v A p t s A t X t At t                � (27)

where, noting � � �A t/ 0  if 2n ≥  , the denominator in the second term of the right-hand side 
is negative.  As denoted in Nimubona (2012), the level of optimal emission tax hinges on the 
terms of trade effect A p t� �� �/  and the net tariff revenue effect � �� �� �� �� s A t/  by raising 
the tax, although in our model, the latter effect includes the influence on the subsidy 
expenditure.

Considering that � � �p t/ 0, namely, the tax worsens the terms of trade as long as the 
demand curve for EGs is not very convex, the former becomes a determinant factor for cutting 
the emission tax.  Moreover, considering � � �A t/ 0, the net tariff revenue effect also becomes 

12)	 Bayindir-Upmann (2003) supposed the asymmetric two countries with Cournot competition where the 
number of firms in the polluting FGs sector endogenously determined in one country but is exogenously 
given in the other country.  Bayindir-Upmann (2003) showed that the optimal environmental tax in the 
former country is constructed from (i) the negative externality from emissions, (ii) the terms of trade 
effect, and (iii) the rent sifting effect, in other words, imperfect competition effect.  Note that there is not 
the imperfect-competition effect in our model because the firms which produce EGs are located only the 
exporting country, and then we consider welfare of the importing country. 
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a determinant factor for reducing the tax if s ��  because the government has an incentive for 
reducing the tax in order to cut the subsidy expenditure.  In such a case, the numerator in the 
second term of the right-hand side becomes positive.  However, the net tariff revenue effect 
can become a determinant factor for raising the tax if s �� . 

We summarize above discussion as the following proposition:
Proposition 2: Suppose J p a p gAA A� � � ���2 0  and 2n ≥ .  In this case, the level of 
optimal emission tax is clearly lower than that of Pigouvian tax, that is, t̂ v  if s �� , and thus 
the net tariff revenue effect is positive ( � �� �� � �� s A t/ 0 ).  On the other hand, if this term is 
negative ( � �� �� � �� s A t/ 0 ), the level of optimal emission tax is determined by the terms of 
trade effect of EGs’ import and the net tariff revenue effect, namely, the sign of 
A p t s A t� � � �� �� �/ /� . 

4.2  The optimal tariff on imported EGs
Considering (4) and (6) in addition to dX d/ � � 0, and noting A na= , we can derive the 

following welfare effect with respect to a decrease in the import tariff on EGs.

� � � � �� � � �� �� � � � � � �� � � � � �� ��W t v s n a a n A p/ / / / .� � � � � � 1 � (28)

From (28), we can confirm that the welfare effect of trade liberalization of EGs consists of the 
negative externality from emissions, the net tariff revenue effect, and the terms of trade 
effect.  For the last term of the right hand side in (28), we can derive � � � � � � � � �p p A p a JA AA/ / /� �1 1 0 

� � � � � � � � �p p A p a JA AA/ / /� �1 1 0   if pAA 0.  Then, the terms of trade effect becomes � � � �p / � 1 0  as 

long as the demand curve for EGs is linear or concave.  Adversely, � � � �p / � 1 0  if the curve 

is convex, whereas J p a p gAA A� � � ���2 0.

Hence, setting � � �W / � 0  in (28), we obtain the optimal tariff on imported EGs  ˆ  .

     ˆ / 1 / / .t v s A p A             �  (29)

From (29), the tariff is complementary with the purchasing subsidy.  Moreover, since 
� � �A / � 0  and � � �E / � 0  from (21) and (22), respectively, a decrease in the tariff reduces 
the amount of emissions.  Therefore, we find that in the case of s = 0, the optimal tariff on EGs 
is definitely positive (negative) if t v� �( )  and the terms of trade effect gives the negative 
(positive) impact on the welfare, that is, pAA � �� �0, and thus � � � � �� �p / � 1 0.

Moreover, as a benchmark, we evaluate the optimal tariff at the level of the optimal 
emission tax.  In this case, by substituting t̂  in (27) into t in (29) and assuming s = 0, ̂  is 
rearranged as follows:

   
   

ˆ ˆˆ | / 1 / ( / )
{ ( / ) / / / / 1 / ( / )} / .

t t t v A p A
A p t X t A t p A H

   
    

        
              


 � (30)

As mentioned in footnote 11, we can derive � � �A t/ 0  without the condition 2n � �  if 
s = 0.  Therefore, �� � � �� � �� �X t A t/ / 0 and then H X t X t A t� �� � �� � � �� �� � �� � �/ / / / 0.  
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In this case, noting that � � �A / � 0  in (30), we obtain pAA ≥ 0, and thus � � � �p / � 1 0  as the 
sufficient condition for ˆˆ | 0t t   .  That is, if the government implements the optimal emission 
tax, and the demand curve for EGs is linear or weak convex, the level of optimal tariff seems 
to be negative. 

We summarize above discussion as the following proposition:
Proposition 3: Suppose J p a p gAA A� � � ���2 0  and s = 0.  In this case, the level of optimal 
tariff on imported EGs is positive (negative) if t v� �( )  and pAA � �� �0 , and thus 
� � � � �� �p / � 1 0 .  Moreover, the optimal tariff evaluating at the level of optimal emission tax 
is negative if pAA ≥ 0, and thus � � � �p / � 1 0.

4.3  The optimal subsidy to purchase EGs
Considering (4) and (6) in addition to dX ds/ = 0, and noting A na= , we can derive the 

following welfare effect with respect to the subsidy for purchasing EGs. 

� � � � �� � � �� �� � � � � � �� � � � ��W s t v s n a s a n s A p s/ / / / .� � � (31)

Again, we can confirm that the welfare effect of the subsidy consists of the negative externality 
from emissions, the net tariff revenue effect, and the terms of trade effect.  For the second term 
of the right hand side in (31), � � �p s p a JAA/ /  0  if pAA 0.  That is, the price of EGs is 
increased or unchanged with the subsidy as long as the demand curve is concave or 
linear.  Adversely, it decreases with the subsidy if the curve is convex, while J p a p gAA A� � � ���2 0

J p a p gAA A� � � ���2 0.
Setting � � �W s/ 0  in (31), the optimal subsidy for purchasing EGs  ŝ  is

   ˆ / / ( / ).s t v A p s A s          � (32)

From (32), the purchasing subsidy is complementary with the tariff on imported EGs.  More-
over, since � � �A s/ 0  and � � �E s/ 0  from (21) and (22), respectively, the subsidy decreases 
pollution emissions.  Therefore, we find that in the case of � � 0, the optimal purchasing 
subsidy is definitely positive (negative) if t v� �( )  and the terms of trade effect gives the 
positive (negative) impact on the welfare, that is, pAA � �� �0, then � � � �� �p s/ 0.

Moreover, as a benchmark, we evaluate the optimal subsidy at the level of the optimal 
emission tax.  In this case, by substituting t̂  in (27) into t in (32) and assuming � � 0, ŝ is rear-
ranged as follows:

   
   

ˆ ˆˆ | / / ( / )
{ ( / ) / / / / / ( / )} / ,

t ts t v A p s A s
A p t X t A t p s A s H


  

        
              


 �      (33)

where H X t X t A t� �� � �� � � �� �� � �� � �/ / / / 0  if 2n � � , and thus � � �A t/ 0.
Note that � � �A s/ 0  in (33).  In this case, we can show that pAA ≥ 0  and thus � � �p s/ 0  

is the sufficient condition for ˆˆ | 0t ts   .  That is, if the government implements the optimal 
emission tax, and the demand curve for EGs is linear or weak convex, the level of optimal 
subsidy seems to be positive.
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We summarize above discussion as the following proposition:
Proposition 4: Suppose J p a p gAA A� � � ���2 0  and � � 0.  In this case, the level of optimal 
subsidy to purchase EGs is positive (negative) if t v� �( )  and pAA � �� �0, and thus 
� � � �� �p s/ 0.  Moreover, the optimal subsidy evaluating at the level of optimal emission tax 
is positive if 2n ≥ , and pAA ≥ 0 thus � � �p s/ 0.

5.  Concluding Remarks

In this paper, we investigate the impacts of the emission tax, trade liberalization of EGs, 
and the subsidy to purchase EGs in a model of oligopolistic eco-industry with free entry.  We 
then evaluate the relation between these policies from the perspective of the importing coun-
try’s welfare.  As our main results, we then show that both trade liberalization of EGs and the 
subsidy for purchasing EGs increase the total output of EGs, and hence, decrease pollution 
emissions.  The optimal emission tax level will be lower than the Pigouvian one if the level of 
the subsidy is higher than that of the tariff.  Moreover, if the government sets the emission tax 
at the optimal level, the subsidy to import EGs or to purchase them seems to be optimal. 

As a further research in this subject, we need to introduce the domestic production of 
EGs, and then consider asymmetric entry policies between developed and developing countries 
(e.g., a fixed number of firms in a developing country and free entry in a developed 
country).  In this setting, we will examine the economic and environmental impacts of easing 
entry regulations in a developing country and the subsidy to domestic eco-industries in 
addition to the emission tax.
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