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Abstract

Policy makers have paid attention to border tax adjustments as

climate change policies. One of the key issues is whether or not such

border measures are disguised protectionism. To examine this issue,

we analyze incentives for governments to use border taxes based on

CO2 emissions of traded products. For this purpose, we introduce the

carbon-content tari¤ on imports and carbon tax on exports to a model

with oligopoly since carbon-intensive sectors such as steel have a fea-

ture of oligopolistic competition. We consider a situation in which a

domestic �rm competes with a foreign exporting �rm a la Cournot in

the domestic market. In contrast to standard trade measures such as

import tari¤s and export subsidies, the carbon-based border taxes pro-

vide incentives for �rms to abate emissions of CO2. We show that the

domestic government has incentives to manipulate the carbon-content

tari¤ on imports to protect the domestic �rm and the foreign govern-

ment has incentives to manipulate the carbon tax on exports for export

promotion. These results suggest that carbon-based border measures

can be applied in a discriminatory manner. However, when other trade

measures such as import tari¤s and export subsidies can be applied,

the carbon-content tari¤ and carbon tax in the noncooperative case

can achieve the cooperative optimal value. This suggests that border

taxes based on CO2 emissions of traded products are not beggar thy

never policies and they can be used to control cross-border pollution.
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1 Introduction

In the �elds of climate change mitigation policies, one of the topical issues is

border tax adjustments. If developed countries initiate carbon regulations,

domestic �rms would incur additional costs for CO2 emissions. In particular,

carbon intensive industries such as iron, cement, and paper insist that they

would have disadvantage as compared to low-cost producers in developing

countries since they do no pay comparable costs for emissions. In response

to these voices, policy makers in developed countries have paid attention to

border tax adjustments, i.e., levying a carbon tax on imports or exempt-

ing exports from a carbon tax when trade partners do not regulate CO2
emissions.1

Even though such border tax adjustments have a rationale as environ-

mental policies, they might be inconsistent with the rules of international

trade. There is the growing debate on the WTO consistency of border tax

adjustments.2 One of the key issues is whether or not the border tax ad-

justments are disguised protectionism. That is, a measure of border tax

adjustments can be justi�ed as an exception of GATT XX as long as it

does not constitute a means of arbitrarily or unjusti�able discrimination or

a disguised restriction on international trade.3

In this paper, we examine this issue with a simple model of interna-

tional oligopoly. Carbon intensive sectors have a feature of international

oligopolistic competition, i.e., a few large �rms compete with each other

to gain pro�ts. We consider a domestic market in which a domestic �rm

competes with a foreign exporting �rm a la Cournot. In addition to car-

bon taxes and trade measures, the domestic government has an option of a

�carbon content tari¤�, which is di¤erent from an import tari¤ in that it is

based on CO2 emissions during production of an imported product. If the

carbon content tari¤ is applied, an exporter would incur costs for emissions

so that it provides an incentive to abate CO2 emissions. We examine an in-

1Hufbauer, Charnovitz, and Kim (2009) point out that border measures are aimed at
preventing carbon leakage, protecting competitiveness, and encouraging other countries
to cooperate in adopting equivalent environmental policies.

2Hufbauer, Charnovitz, and Kim (2009) provides an excellent discussion of
GATT/WTO consistency of border adjustments in the context of global warming.

3WTO and UNEP (2009) point out that the relevance of the WTO rules to climate
change mitigation policies depends on how these policies are design and the speci�c con-
ditions for implementing them.
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centive for the domestic government to manipulate the carbon content tari¤

to protect the domestic �rm.

When the domestic country can choose an import tari¤ optimally, the

optimal carbon-content tari¤ is set to equal its marginal damage of emis-

sions. That is, cross-border-externalities caused by foreign emissions are

internalized by the carbon content tari¤. However, if the standard trade

measure is not available, an incentive to choose a carbon content tari¤ is

distorted due to pro�t shifting motives. The optimal carbon content tari¤ is

higher than the marginal damage because the government has an intent to

enlarge the market share of the domestic �rm. This result suggests a possi-

bility that the carbon content tari¤ is applied to imports in a discriminatory

manner.

We also examine an incentive for the foreign government to manipulate

a carbon tax on exports. The optimal carbon tax on exports is set to equal

its marginal damage as long as an export subsidy is chosen optimally. How-

ever, when the export subsidy is banned, an incentive to set the carbon tax

on exports is distorted and is smaller than the marginal damage because

of a motive for export promotion. In addition to a pro�t gain for the ex-

porting �rm, the export promotion bene�ts the foreign country because of

a reduction in cross-border external costs caused by domestic �rm�s emis-

sions. A reason to lower the carbon tax on exports is not only to enhance

the pro�ts of the exporting �rm but also to remedy the damage caused by

the cross-border externalities of CO2 emissions.

Lastly, we derive cooperative optimal policies. It is optimal that the

sum of the optimal carbon-content tari¤ on imports and the carbon tax on

exports equals the total marginal damages of the countries. In fact, this is

achieved in the noncooperative case as long as the import tari¤ and export

subsidy can be set optimally by the governments. This suggests that the

border measures based on the CO2 emissions of traded products are not

intrinsically beggar they neighbor policies. However, restrictions on the use

of trade policies could distort incentives to use the border measures of carbon

policies.

The idea of a carbon content tari¤ originates in a pollution content

tari¤ introduced by Copeland (1996). He shows that a government has an

incentive to impose a tax on the pollution content of imports in a setting

with two small-open economies. Unlike his work, this paper focuses on
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international oligopoly so that it can examine an incentive for a government

to use a carbon content tari¤ in the imperfectly competitive market. Walz

and Wellisch (1997) examine how a strategic motive for export promotion

distorts an incentive for a government to tax local pollution in international

oligopoly. While they focus on an exporting sector, we examine optimal

policies in an import competitive sector. Also, unlike their work, we consider

a cross-border externality so that we can examine an optimal carbon content

tari¤.

The rest of this paper is organized as follows. In Section 2, we set up the

model. In Section 3, we examine the optimal policies in the noncooperative

case. In Section 4, we derive optimal policies in the cooperative case and

compare them with those of the noncooperative case. In Section 5, we close

this paper with conclusion.

2 Model

Assume that there are two countries, a domestic country and a foreign coun-

try. Each country has one �rm producing commodity Z. Production of Z

emits CO2 and �rms have technologies to abate emissions of CO2. We focus

on the domestic market, in which the foreign exporting �rm competes with

the domestic �rm in a Cournot fashion.

Each country�s government chooses environmental and trade policies

optimally. The home government imposes a CO2 emission tax (carbon tax) �

on domestic production and a tari¤ t on imports from the foreign country. In

addition, the home government levies a carbon content tari¤ �m on imports.

The foreign government imposes a carbon tax �� on foreign production and

provides a subsidy s� to exports of commodity Z.

The home and foreign �rms produce commodity Z with constant mar-

ginal costs, and they avoid emission taxes by undertaking abatement e¤orts.

For the abatement technology, we follow Waltz and Wellisch (1997). If the

home �rm devotes a, 0 � a � 1, units of e¤ort to the abatement activ-

ity, it can achieve an emission level (1 � a)e per output. The home �rm
incurs an abatement cost geh(a) per output, where g is an abatement cost

parameter, e is an emission coe¢ cient per output, and the abatement cost

function h(�) is convex, h0 > 0 and h00 > 0. Similarly, the foreign �rm incurs

the abatement cost g�e�h(a�) to achieve the emission level (1 � a�)e� per
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output.

The domestic �rm produces output x to the domestic consumption. Us-

ing p as a domestic market price and m as a constant marginal cost for

production, the pro�t of the domestic �rm can be written as

� = (p�m)x� [�(1� a)e+ geh(a)]x: (1)

The foreign �rm produces output y to the domestic consumption. Using m�

as a constant marginal cost for production, the foreign �rms�s pro�t can be

written as

�� = (p�m� + s� � t)y � [(�� + �m)(1� a�)e� + g�e�h(a�)] y: (2)

Given the level of emission taxes, each �rm chooses the optimal abate-

ment e¤ort, which yields the �rst order conditions,

� = gh0(a); (3)

�� + �m = g
�h0(a�): (4)

The marginal abatement cost equals the emission tax rate. Using the opti-

mal e¤ort levels, the marginal cost of each �rm can be written as

c(�) = m+ [�(1� a)e+ geh(a)] ;

c�(s�; ��; t; �m) = m
� � s� + t+ [(�� + �m)(1� a�)e� + g�e�h(a�)] :

Given the levels of tari¤ and subsidy, each �rm chooses output to maximize

the pro�t, which leads to the �rst order conditions,

xp0 + p� c(�) = 0; (5)

yp0 + p� c�(s�; ��; t; �m) = 0: (6)

The inverse demand for commodity Z in the domestic market is assumed

to be linear, p = � � �Z; (a; b > 0), where Z is the quantity of demand,

and Z = x + y in market equilibrium. Then, the �rst order conditions for
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outputs can be written as

2�x+ �y = �� c(�);

�x+ 2�y = �� c�(s�; ��; t; �m):

Solving these equations simultaneously, we can derive equilibrium outputs,

x =
1

3�
[�� 2c(�) + c�(s�; ��; t; �m)]; (7)

y =
1

3�
[�� 2c�(s�; ��; t; �m) + c(�)]; (8)

The equilibrium market price and output are respectively derived as follows,

p =
�+ c(�) + c�(s�; ��; t; �m)

3
; (9)

Z =
2�� c(�)� c�(s�; ��; t; �m)

3�
: (10)

3 Noncooperative Government Policies

In this section, we analyze optimal trade and carbon policies when the gov-

ernment choose them noncooperatively. We also consider a case in which

the import tari¤ and export subsidy rates are constrained to equal zero

due to WTO agreement, and examine an incentive for the governments to

manipulate the carbon-content tari¤ and carbon tax polices.

The utility function of the domestic country is quasi linear,

W = �Z +
�

2
Z2 + l �G; (11)

where l is the consumption of nemeraire and G is the environmental damage.

Note that the nemeraire is competitively produced with one unit of labor

and its production does not emit CO2. Let E and E� denote the total

emissions of domestic and foreign country respectively, i.e., E = (1 � a)ex
and E� = (1� a�)e�y. Local environmental damages are convex function of
total CO2 emissions,

G = �
(E + E�)


;

where � > 0 denotes a damage parameter and  � 1. Using L as the total
labor force which is constant, we can derive the budget constraint of the
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domestic country as

pZ + l = � + ty + �E + �mE
� + L;

With this budget constraint, the welfare function of the domestic country

can be written as

W = �Z +
�

2
Z2 � pZ + � + ty + �E + �mE� + L� �

(E + E�)



= �Z +
�

2
Z2 � py � [m+ geh(a)]x+ ty

+ �mE
� + L� �(E + E

�)


(12)

The domestic government chooses t, � , and �m to maximize the domestic

welfare, which yields the �rst order conditions,

@W

@t
= fp� [m+ geh(a)]g@x

@t
+ (1� @p

@t
)y + t

@y

@t

+
�
�m �G0

� @E�
@t

�G0@E
@t

= 0 (13)

@W

@�
= fp� [m+ geh(a)]g@x

@�
� @p

@�
y + t

@y

@�
+
�
�m �G0

� @E�
@�

� geh0(a)x@a
@�
�G0@E

@�
= 0 (14)

@W

@�m
= fp� [m+ geh(a)]g @x

@�m
� @p

@�
y + t

@y

@�m

+ E� +
�
�m �G0

� @E�
@�m

�G0 @E
@�m

= 0 (15)

Solving these equations, the optimal policies can be derived as follows,

t = �y +
e(�x)2

2�ex+ g[e(1� a)]2 ; (16)

� = G0 � �gE

2�ex+ g[e(1� a)]2 ; (17)

�m = G
0: (18)

Proposition 1 In the domestic country, the optimal carbon content tari¤
is equal to the marginal damage of CO2 emissions, but the optimal domestic

carbon tax is smaller than the marginal damage.

In the absence of the consumption of commodity Z, the foreign welfare
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function is written as

W � = l� �G�; (19)

where l� is the consumption of nemeraire. The local damage function de-

pends on the total emissions, E + E�,

G� = ��
(E + E�)


;

where �� > 0 denotes a damage parameter and  � 1. Using the total labor
force L�, the budget constraint for the foreign country can be derived as

l� = �� + ��E� � s�y + L�:

With this budget constraint, the welfare function of the foreign country can

be written as

W � = �� + ��E� � s�y + L� �G�

= py + L� � [m� + t+ �me
�(1� a�) + g�e�h(a�)]y �G� (20)

The foreign government chooses s�and �� to maximize the welfare, which

results in the �rst order conditions,

@W �

@s�
= fp� [m� + t+ �me

�(1� a�) + g�e�h(a�)]g @y
@s�

+ y
@p

@s�
�G0 � ( @E

@s�
+
@E�

@s�
) = 0 (21)

@W �

@��
= fp� [m� + t+ �me

�(1� a�) + g�e�h(a�)]g @y
@��

+ y
@p

@s�
+ [�m � g�h0(a�)]e�y

@a�

@��
�G0 � ( @E

@��
+
@E�

@��
) = 0 (22)

Solving the �rst order conditions, we can derive

s� = �y + e(1� a)G�0; (23)

�� = G�0: (24)

Proposition 2 In the foreign country, the optimal carbon emission tax is
equal to the marginal damage of CO2 emissions and the export subsidy is

greater as the marginal damage is larger.
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3.1 Manipulation of the Carbon-Content Tari¤and the Car-
bon Tax

Suppose that the WTO rule does not allow the governments to choose the op-

timal import taxes and export subsidies noncooperatively but it allows them

to choose the carbon-content tari¤ and the carbon tax optimally. Then, we

can show that the domestic government has an incentive to raise the carbon-

content tari¤ to protect the domestic �rm and the foreign government has

an incentive to lower the carbon tax to promote exporting by the foreign

�rm.

Let�s suppose that the domestic import tari¤rate t and the foreign export

subsidy rate s� are zero due to WTO agreement by the domestic and foreign

governments. Given t = 0, the domestic government can choose � and �m
optimally to maximize the domestic welfare. The �rst order conditions are

obtained by (14) and (15) with the restriction of t = 0. With these �rst

order conditions, we can derive the noncooperative optimal carbon tax and

carbon-content tari¤ in the domestic country,

� = � �
�
+G0; (25)

�m =
��

�
+G0; (26)

where

� = 3�e(1� a)
�
x[e�(1� a)]2 + �(2x+ y)(e

�y

g�
)

�
> 0

�� = 3�e�(1� a�)
�
y[e(1� a)]2 + �(2y + x)(ex

g
)

�
> 0

� =

�
2 [e(1� a)]2 + 3�ex

g

��
2[e�(1� a�)]2 + 3�e

�y

g�

�
� [e(1� a)]2 [e�(1� a�)]2

> 0

If the domestic import tari¤ rate is constrained to equal zero, the carbon-

content tari¤ would be higher than the marginal damage of emissions. As

we have shown in Proposition 1, the optimal carbon-content tari¤ is equal to

the marginal damage in the absence of the constraint on the choice of import

tari¤ rate. When the use of the import tari¤ is restricted, the carbon-content
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tari¤ might be raised above the marginal damage to protect the domestic

�rm from foreign competition. Also, the optimal carbon tax is lower than the

marginal damage as in the case in which there is no constraint on the choice

of the import tari¤ rate. It is, however, ambiguous whether the constraint

on the import tari¤ rate would make the optimal domestic carbon tax rate

lower or not.

If the choice of the export subsidy rate is restricted, the foreign govern-

ment would have an incentive to lower the carbon tax to promote exports.

Suppose that the export subsidy is set to equal zero and the foreign govern-

ment chooses the carbon tax rate to maximize the foreign welfare. Given

s� = 0, the �rst order condition (22) leads to

�� = G�0 ��;

where

� =
e�(1� a�) [�y +G�0e(1� a)]
3�e�y

�
@a�
@��
�
+ 2 [e�(1� a�)]2

> 0:

The optimal carbon tax rate in the foreign country is lower than the mar-

ginal damage. Without the constraint on the choice of the export subsidy,

the foreign optimal carbon tax would be equal to its marginal damage of

emissions. Therefore, the foreign government has an incentive to lower the

carbon tax rate below the marginal damage when it cannot choose the ex-

port subsidy rate optimally.

We can summarize those results as follows.

Proposition 3 Suppose that the domestic import tari¤ and the foreign ex-
port subsidy rates are constrained to be equal to zero. Then, the importing

country would raise the optimal carbon-content tari¤ rate above its mar-

ginal damage. Also, the exporting country would lower the optimal domestic

carbon tax rate below its marginal damage.

4 Cooperative Government Policies

In this section, we consider a case in which the governments choose the

trade and carbon policies cooperatively. We shall show that the optimal

domestic carbon-content tari¤ and the optimal foreign carbon tax in the

non-cooperative case can achieve the cooperative solution. This suggests
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that carbon-content tari¤ is not necessarily a disguised protection policy

but a measure to internalize the cross-border externality.

The total welfare can be written as

W +W � = �Z+
�

2
Z2� [m+geh(a)]x� [m�+g�e�h(a�)]y�G�G�+L+L�:

The domestic and foreign governments jointly chooses t, � , �m, s�, �� to

maximize W +W �, which yields the �rst order conditions,

@(W +W �)

@�
= fp� [m+ geh(a)]g@x

@�
+ fp� [m� + g�e�h(a�)]g@y

@�

� (G0 +G�0)

�
@E

@�
+
@E�

@�

�
= 0; (27)

where � = t, s�, and

@(W +W �)

@�
= fp� [m+ geh(a)]g@x

@�
+ fp� [m� + g�e�h(a�)]g@y

@�

� geh0(a)x@a
@�
� (G0 +G�0)

�
@E

@�
+
@E�

@�

�
= 0; (28)

@(W +W �)

@�
= fp� [m+ geh(a)]g@x

@�
+ fp� [m� + g�e�h(a�)]g@y

@�

� g�e�h0(a�)y@a
�

@�
� (G0 +G�0)

�
@E

@�
+
@E�

@�

�
= 0; (29)

where � = �m, ��. Solving these equations, we can derive optimal coopera-

tive policies.

s� � t = �2ex(2y � x) + �y[e(1� a)]2g
2�ex+ [e(1� a)]2g (30)

� = G0 +G�0 � �gE

2�ex+ [e(1� a)]2g (31)

�m + �
� = G0 +G�0 (32)

Proposition 4 Suppose that the domestic and foreign governments cooper-
atively choose carbon and trade policies. Then, (i) the net export subsidy rate
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(export subsidy minus import tari¤ ) is positive if the foreign �rm�s share in

the domestic market is su¢ ciently great (above 33 percent), (ii) the domestic

carbon tax rate is smaller than the total marginal damage, and (iii) the sum

of the carbon-content tari¤ rate and the foreign carbon tax rate is equal to

the total damage of CO2 emissions.

Under the linear damage function, i.e.,  = 1, Proposition 1 and 2 imply

that the sum of the carbon-content tari¤ rate and the foreign carbon tax

rate equals � + �� in the noncooperative optimal policies. Therefore, the

result (iii) in Proposition 4 implies that the optimal carbon-content tari¤and

optimal foreign carbon tax polices in the noncooperative case can achieve the

cooperative solution when the damage functions are linear. This suggests

that the carbon-content tari¤ is not necessarily a disguised protection policy.

5 Conclusion

With the constraint on the choice of the import tari¤ rate, the optimal

carbon-content tari¤ is raised above the marginal damage of carbon emis-

sions and the optimal domestic carbon tax is reduced below the marginal

damage of emissions. This result seems to suggest that the carbon-content

tari¤ is applied to the foreign �rm in a discriminatory manner. However,

when the countries noncooperatively choose trade policies as well as carbon

policies, the optimal carbon-content tari¤ is equal to the marginal damage of

carbon emissions. If the import tari¤ is used as a policy tool to shift pro�ts

from the foreign �rm to the domestic �rm, then the carbon content-tari¤ is

not a device for pro�t shifting but for internalizing external costs of carbon

emissions by the foreign �rm.

If the foreign country chooses trade and carbon polices noncooperatively,

the optimal carbon tax is equal to the marginal damage. In the presence of

the constraint on the choice of the export subsidy rate, the foreign optimal

carbon tax is lower than the marginal damage of emissions. This implies

that carbon tax can be used as a measure for export promotion. In contrast

to the importing country, there is no �rst best policy to internalize the cross-

border externality, so that the foreign country uses the export subsidy as a

second best policy to reduce the cross-border external costs due to emissions

by the domestic �rm.
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When the countries cooperatively choose optimal policies, the foreign

carbon tax plus the carbon content tari¤ is equal to the total marginal

damages of foreign carbon emissions. Somewhat surprisingly, if the damage

function of each country is linear, the optimal noncooperative policies on

foreign emissions are exactly the same as the optimal cooperative policies.

This result implies that the carbon-content tari¤ is not necessarily a beggar-

thy neighbor policy.
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