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Abstracts

The purpose of this research is to examine strategic incentives to distort the use of
pollution taxes on intermediate-good production in a successively oligopoly model where both
intermediate-good and final-good trade exist. Since the rent capture effects of the pollution tax,
which depends on the trans-boundary externality(a), operate in opposite directions in the
upstream and downstream sectors, the non-cooperative pollution tax level can be stricter or
laxer than the cooperative tax level in accordance with the magnitude of the trans-boundary
externality(a). If « is relatively small (resp. large), then the non-cooperative pollution tax is
necessarily over-corrected (resp. under-corrected) in terms of world welfare. Moreover we
also investigate the effect of trade liberalization on the equilibrium pollution tax.

Keywords: vertically related market, pollution tax on the intermediate-good, trans-boundary
pollution, rent capture
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1. Introduction

There has been a lively research discussion regarding the interaction between interna-
tional trade and environment. Considering negative externalities such as trans-boundary
pollutions, trade liberalization cannot always give rise to welfare-improving results, because
conventional gains from trade may be more than offset by increased pollution from a trading
partner (Siebert, 1977; Baumol and Oates, 1988). Therefore, much of the popular opposition
to trade liberalization is based on fears about its consequences for the environment.

In addition to these arguments of economic impact of trade liberalization on environ-
ment, many other researchers have paid attention to the possible strategic distortions of
environmental policies for trade-related goals. According to the standard public finance
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analysis, the most appropriate intervention in a market characterized by negative externalities
in production is a tax on the externality itself. And it is well known that the first order
condition characterizing the market solution can be made to coincide with those for Pareto-
optimality by pricing the externality at a rate equal to the sum of marginal damages (so called
“Pigouvian tax”).

But if there are additional distortions such as imperfect competition in the global
economy other than externalities, the optimal tax on polluting production will be deviated
away from the standard Pigouvian level. In particular, when firms are competing with foreign
rivals in the imperfectly competitive market, each government would have an incentive to relax
their environmental taxes in order to gain a competitive position and to capture the rents from
their rivals. It should be noted however that more complicated issues arise with respect to rent
shifts when the taxes are levied on intermediate-good production in circumstances where firms
are competing in successively oligopolistic markets in open economies. This is because the rent
shift effects of environmental tax which are levied on intermediate-goods production could
operate in opposite directions in the upstream and downstream sectors.

The purpose of this paper is to examine the strategic incentives to distort the use of
pollution taxes on intermediate-goods production when markets are vertically related in the
presence of trade, not only in the intermediate-good but also in the final-good. And we also
investigate the effects of trade liberalization on the equilibrium pollution tax. Here, the
strategic use of pollution tax means that the government imposes such a tax for reasons other
than encouraging domestic environmental levels, or that the government imposes pollution
taxes at the level more or less than the optimum in terms of world welfare. In order to
incorporate the strategic use of pollution tax on intermediate-good, we build a partial
equilibrium model which allows vertically related upstream and downstream markets with
imperfect competition, the tax choose game between competing countries, and trans-boundary
pollutions in the upstream sector.

A number of theoretical studies have been made on the use of environmental policy to
control the trade-related goal.! Of these, Markusen (1975a) and Baumol and Oates (1988)
show how tariffs can improve welfare by targeting foreign pollution. If tariffs are not available,
other instruments can be used as second best policies. Krutilla (1991) shows that net-exporting
(resp. net-importing) large country will set the optimal tax levels on pollution production
above (resp. under) the standard Pigouvian level due to terms of trade effects associated with
the tax. Ludema and Wooton (1994) analyze the incentives of an importing country to use the
trade policy to control foreign pollution. Using the asymmetric two countries model in which
externalitise is produced in fixed proportion to output, they show that the specific tariff or the
pollution tax can be used to exploit monopoly power in trade. Copeland (1996) also examines
the incentive of trade policy when exists trans-boundary pollution, and shows that pollution
content tariffs applied to imports may be part of the optimal response for the importing
country. Kennedy (1994), which is most close to this study, examines the incentives of
distorting the pollution taxes in a single oligopolistic market when negative externalities such
as trans-boundary pollutions exist between countries.

The above studies confine their attention to the single commodity market, therefore, they

! Important papers are Markusen (1975a, 1975b), Baumol and Oates (1988), Merrifield (1988), Krutilla
(1991), Ludema and Wooton (1994), Kennedy (1994), Copeland (1996).
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do not take into consideration the vertical connection between markets for the intermediate
and final-goods. Noting that, however, many environmental taxes are levied on intermediate-
good rather than final-good (see Poterba and Rotemberg, 1995) and that industries at each
vertical stage may be imperfectly competitive, the appropriate set up for analyzing the strategic
effects of environmental policies for trade-related goals is one of successive or vertically related
oligopoly market model.

Since the 1990s, a considerable number of studies have been made on the strategic trade
policy with vertically related markets (Spencer and Jones, 1991, 1992; Bernhofen, 1997,
Ishikawa and Lee, 1997; Ishikawa and Spencer, 1999). These papers analyze various trade
policies in the context of vertically related markets with particular attention to the effects of
imperfect competition and vertical integration.

Although the analysis of strategic trade policies with vertically related markets has had
extensive development from the 1990s, so far only few studies have been made on the relation
between trade and environment using this model. Mccorriston and Sheldon (2005) analyze the
effectiveness of border-tax adjustment to compensate exporters for domestic environmental
taxes when the environmental taxes are imposed on intermediate-good. Adopting the concept
of “back-shifting effect” in the vertically related oligopoly market, which is similar to
backfiring effect in Ishikawa and Lee (1997), they show that border-tax adjustment rules
currently allowed for in GATT/WTO are likely to be too low to maintain the competitiveness
of exporters. Unlike Mccorriston and Sheldon (2005) which focus on the imports of interme-
diate-goods, Poterba and Rotemberg (1995) deals with the taxation problem on the imports of
final-goods in the context of a model with a vertical industry structure. They show that if there
is no joint production, an import tariff equal to the tax on the intermediate-good times the
amount of intermediate-good used in domestic production of the final-good will raise the
marginal costs of domestic and foreign producers by the same amount.’

The rest of paper is organized as follows. In Section II, we outline a model of vertically
related market with oligopoly that will form the basis of the analysis. The industry equilibrium
in the vertically related markets is then derived in Section III. Section IV derives the efficient
taxes as the solution to a cooperative problem. This serves as a benchmark against the
non-cooperative equilibrium taxes. In Section V, non-cooperative equilibrium tax rates are
derived and we discuss the implication they have by comparison with the benchmark. In
Section VI, we examine how trade liberalization in the upstream sector might affect the
non-cooperative pollution tax rate. And in Section VII, we summarize the main results of the

paper.

II. Model

Consider two identical countries: the home (domestic) country is denoted by H and the
foreign country is denoted by F. The model introduced here is a two-country successive

2 Chang and Kim (1989) and Skeath (1995) also consider the trade policy in vertically related markets but they
focus on the quality differentiation. Bernhofen (1995) analyze price dumping and anti-dumping duties in intermediate-
good in the context of a model with a vertical industry structure.

3 When there is joint production, however, they argue that intermediate-good intensity may not be a reliable
standard for choosing border-tax adjustments associated with domestic environmental taxes.
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oligopoly model where both upstream (intermediate-good) and downstream (final-good)
industries are imperfect competitive. In the upstream stage, a homogenous intermediate-good
is produced, while in the downstream stage, a homogenous final-good is produced. There are
n identical downstream firms and m identical upstream firms in each country. The numbers of
firms are given and constant. The final-good markets are assumed to be integrated across the
two countries, therefore, they can be considered as a single market.

Final-good output by a typical firm in country (I =H, F) is denoted by ¢q;, and the total
final-good output in country I is Q;=ngq;. It is assumed that final-good producers follow
Cournot behavior in the integrated market. Intermediate-good output by a typical firm in
country I is denoted by y;, therefore, the total intermediate-good output in country I is Y;=
my,. Intermediate-good output by a typical firm in country I, y,, is divided between the sales
to final-good producers in home country, y}, and the sales to final-good producers in foreign
country, y{(i.e., yy=y¢+y{). And we can denote as Y}=my} and Yi=myf. We assume that
firms in the upstream sector in both countries also follow Cournot behavior. Assuming that the
upstream sector is characterized by the segmented market model of trade, each upstream firm
perceives each country’s downstream sector as being separate from one another.

By appropriate choice of units, there is no loss of generality in assuming that just one unit
of the intermediate-good is required to produce one unit of the final-good. Other costs of
producing the final good are normalized to zero. For the final-good producer, therefore, the
only cost to produce the final-good is the cost of purchasing the intermediate-goods

Production of the intermediate-good in country I generates pollution, M;=0Y;, where 6
stands for the amount of the pollution emission per unit of the intermediate-good in each
country. The pollution crosses the border and also harms the other country. Environmental
damages in country I are given by E;=E(M;+aM ), where a “—I” subscript denotes the
other country. It is assumed that E'>0 and E">0. A fraction [0, 1] of this pollution
affects the other country. The linear inverse demand function for the final-good in the
integrated market is given by p =a —b(Xy+Xr), where p is the price of the final-good and X;
is the consumption of this good in country I and obtained by X;= (Qy+Qr)/2. Although the
assumption of linear demand is restrictive, it leads to clear-cut results in the analysis.

The subgame perfect equilibrium of the model incorporates three stages of decision. In
stage 0, each country’s government commits to the values of its pollution tax on intermediate-
good production. In stage 1, the upstream firms in each country commit to the quantities of the
intermediate-good supplied to country H and F on the basis of a Cournot-Nash equilibrium. In
stage 2, downstream firms set their supplies in the downstream markets on the basis of Cournot
competition taking the prices of the intermediate-good wy and wr as given.

III. Industry Equilibrium in the Vertically Related Markets

As is usual in these models, equilibrium at the downstream stage is derived first and then
the upstream stage continues afterwards. In the second stage of the game the firms take the
intermediate-good prices as given and choose their profit maximizing final-good supplies. The
profit maximization problem for the typical final-good producer in country I is

Max ;= (p —wi)q:.

qr (0
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Solving the problems given the intermediate-good prices (wm, wr), we obtain the first
order condition:

67[1
6qI

=p'qi+p—w;=0, I=H,F. 2)

Assuming the linear demand function, the second order condition holds globally. Clearly
the second stage Nash equilibrium quantities are functions of intermediate-good prices and
number of firms in the downstream sector with

_a—(mmt+Dwrtnw _
qr— (2n+1)b ’ QI_an' (3)

Since final-good producers in both countries do a Cournot-Nash competition in the
integrated downstream market, each firm’s optimal output is affected by the costs of its rival
firms located in the other country. Hence, the input price chosen in the first stage will affect the
behavior of downstream firms in both countries. The second stage equilibrium price of
final-good is

atn(wg+wr)

p=a—bXut+Xr)= Qn+1) s C))

which shows that the final-good price is a function of the average price of intermediate-good.
In equilibrium, from the assumption of identical countries, the intermediate-good prices are
equal in both countries, that is wgy=wr=w. And in a perfectly competitive market in
downstream sectors (n =<°), (4) would reduce to p=w.

lemma 1: 1) The price of the final-good is a positive function of the average intermediate
-good price (wy+wr). 2) In the competitive market of the downstream sector, the equilibrium
price of final-good equals the average of intermediate-good price, lim p =w.

Now considering the intermediate-good market, each firm makes a decision about how
much to produce for the home country sales () and how much for the foreign country sales
(yf) regarding each country’s downstream market as being separated from another: i.e., y;=
y#+yf. Recall that one unit of the intermediate good is transformed into one unit of the final
good. Noting that, ngu(wu, wr) = Y+ Y#, nqr(wu, wr) = Y+ Y4 and taking the inverse defines

wa=wu(Yi+ Y5 Ye+ YY) =a—b {( n :1 ) (Yl +YE + (Ye+Yh) } , (5.1)
o i n+1 "
wr=wp(Y+ Yo, Ye+ Y =a—b {<n> (YfE+ Yo+ (Yi+Y%) } , (5.2)

which is the inverse derived demand function for the intermediate-good in country H and F
respectively. From (5.1) and (5.2), the intermediate-good price in country I is affected not
only by the intermediate-good demand in country I but also by the demand in the other
country. And if downstream markets in both countries are perfectly competitive (n =), the
derived demand functions for the intermediate-good become identical with the final-good
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demand functions, and hence the home and foreign country’s upstream markets are integrated
and can be considered as a single market.

lemma 2: If downstream markets in both countries are perfectly competitive (n= ),
then the intermediate-good prices between home and foreign country become equivalent
regardless of market equilibrium, implying market integration in the upstream sector between
two countries.

Let’s define the pollution tax on intermediate-good production before solving the profit
maximization of upstream firms. Let e; be country I’s pollution tax rate on an upstream firm’s
production of externality, such that the upstream firm that produces output level y; and emits
Oyr of the externality must pay e;fy; in pollution taxes. Thus B;= (k +e;0) is the marginal
production costs including pollution tax to a typical upstream firm in country I, where k is the
marginal manufacturing cost of the intermediate-good and assumed constant, and equivalent
between the two countries.

The upstream firms are assumed to play the Cournot-Nash game by selecting the
profit-maximizing output levels, given its knowledge of how these output levels translate into
market prices in the second stage game. And each upstream firm in each country will pay tariff,
t, to an importing country’s government on every export unit of intermediate-good. Since
optimal trade policy is not the focus of this paper and one of our main interests is the effects
of trade liberalization (which is represented by a co-reduction in ¢) on the equilibrium decision
about the pollution taxes in both countries, we do not introduce the optimal decision of the
tariff levels into the model. In this context, we treat the tariff level ¢ as a parameter and assume
same across the two countries. Pollution tax, thus, is the only policy instrument available in the
model.

Considering these, a typical upstream firm’s profit function in country I, G;, can be
written as

Gu= Wy —Br)yki+ (wr—Bu—t)yh, (6.1)
GF:(WF_BF)y£+(WH_BF_I)y}15". (62)

The assumption of the constant marginal cost of the intermediate-good production
implies that an upstream firm’s profit maximizing output choices are independent across
markets, which simplifies the analysis. Cournot competition in intermediate-good production
in each market then gives rise to the following first order conditions;

661 _ 6‘w1

L= 22l yitw,—B+
0y’1 ale_VI wr 1

0Gr _ 0wy OVt ity —Bi—1=0, (7.2)
0y1’ 0y1 0y1

W1 i, (7.1)
6_)71

where (I, i)=(H, h) or (F, f).

Solving these first order conditions simultaneously, we can obtain the sub-game perfect
Nash equilibrium quantities for the intermediate and final-good as functions of ey and eg.
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mn{a—(m+1)B;+mB_;+ (2mn+m+n)t}

Yi=myi= b(2m+1)(2n+1) ’ 3.1
i - mn{ia—(m+1)B+mB_;—(2mn+m-+n-+1)t}

Yiimmy= b(2m+1)(2n+1) ’ (8.2)
S —2(m+1)Bi+2mB_,—

Yi= Vit Yiimm -y = e 2(m T DB mB 1) (8.3)

b2m+1)(2n+1) ’

As we have normalized the input-output coefficient to unit one, we have Q;=Y;+Y" ;=
m@yr+y_;). It is straightforward to obtain that

mn(2a *BI*ijft)

Q=0 =Yi+Y ;(=m@yi+y )= b2m I 1y@n 1) (8.4)
. _ OitQ  mnQRa—B;—B ;1)
XX = T T am ) 2n+ 1) (8.3)

The equilibrium prices of the intermediate-good and final-good are obtained by substitut-
ing (8.1)~(8.5) into (5.1), (5.2) and (4):

a+m(B1+B71+t)

Wi—w-_;— (2m+1) y (86)
_a@m+2n+1)+2mn(B;+B_+t)  atn(witw_p) 8.7
N Cm+1)2n+1) N @2n+1) @.7)

Furthermore, since the difference between domestic production and domestic consump-
tion of a good is reflected as net export of that good, the net exports of the intermediate-good
and final-good in country I are

*ml’l(B[*Bfl)

Yim0=onty

and Q;—X,;=0, ®
where Y;—Q;(=Y;'—Y";) and Q;—X; represents the net exports of the intermediate and
final-good, respectively. Equation (9)shows that Y;—Qy is inversely related to the value in
Bi(=k +e;0) while Q;—X; is always zero and hence is independent from the value in B;.

lemma 3: A unilateral reduction (resp. augmentation) in the level of the pollution tax rate
on the intermediate-good production increases (resp. decreases) the net exports of the
intermediate-good but has no effects on the net exports of the final-good.

These results are very straightforward. A unilateral augmentation in the pollution tax
rates on domestic intermediate-good production raises the upstream firms’ marginal costs. This
would lower the domestic upstream firms’ relative competitiveness against the foreign coun-
try’s upstream firms, reducing domestic net exports of the intermediate-good. In case of the
downstream sector, however, firms in both countries purchase the intermediate-good not only
from the home country but also from the foreign country. This implies that downstream firms,
whether they are located in the home country or not, are symmetrical with respect to
purchasing the intermediate-good. In this context, an unilateral change in the pollution tax in
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country I would give the same cost effects to downstream firms both in the home and foreign
country, and hence the relative competitiveness of each downstream firm would not be affected
by the tax in the upstream sector.

In order to examine the welfare implications of the policy choice in pollution taxes in the
following sections, we define country I’s welfare, denoted SW;, as the sum of the consumers’
surplus, profits of upstream and downstream firms, and tax revenue less environmental
damage:

SWi= <%fo | _[P(X)dX—PX1> T (p—wDQrt (wr—k)Yi
(10)
+Wor—k—t)Y  +1Y  —E[0(Y;+aY )]

IV. The Cooperative Equilibrium Taxes

In this section, we investigate the cooperative equilibrium as a benchmark in order to
compare the non-cooperative equilibrium. Here, non-cooperative means that each government
chooses the pollution tax to maximize its own welfare, while cooperative means that each
government chooses the tax level to maximize world welfare. Under the assumption of
symmetry between the two countries, the cooperative tax level on pollution, which is
Pareto-efficient, is chosen to maximize the welfare of a representative country, given the
equilibrium behavior of the firms.

To begin with, let’s characterize the industry equilibrium in the cooperative regime. Since
all the upstream firms both in the home and foreign country face the same tax rates in this
regime, we omit the subscript “I” from the variables representing pollution tax rates (i.e., e;=
e_1=e, Bi/=B _;=B). Thus the industry equilibrium can be obtained by replacing B; and B,
with B in the equations from (8.1) to (8.7). Adopting the superscript “C” to denote the
industry equilibrium in the cooperative regime, we obtain,

Y C=ypC= mn{a—B+ (2mn+m+n)t}

bQm+1)y(2nt1) (11.1)

_ _ mnfa—B—(Cmn+tm+n+1))
Y =Yh©= bQ2m+1)2n+1) ’ (11.2)

v _ic_ 2mn{a— (B+t/2)}
YP=YpChy o= bCm+1)(2n+1)° (11.3)
e e 2mnia— (B+1/2)}
QF =Xi=Yi= bQ2m+1)(2n+1)° (11.4)
_atf2mB+t/2)

w€= T amt D (11.5)
e a@Cm+2n+1)+a4mn(B+t/2)  a+2nw° 116
P Q2m+1)(2n+1) T @ntl)” (11.6)

Now consider the cooperative equilibrium in pollution tax. Since Qf =Xf=Y¥, Y; *¢=
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Y"-§, and w§f =w<; hold from the equations (11.1), (11.4) and (11.5), the social welfare of the
representative country in the cooperative regime, SW¥, can be written as the sum of the social
surplus on domestic consumption less domestic environmental damage.

SW§:<%fO p(X)dX—kX?)-E[@(H—a)YIC] (12)

Since both Xf and Y¥ are functions of B+ % <:k +el+ %) from the (11.4), SW¥ also

t

X In the cooperative regime of an identical two country model, e and

is a function of B+
z
2

between the pollution tax(e) and the import tariff(¢) except that ¢ is regarded as a parameter
while e is treated as the only available policy instrument in this model. If we differentiate (12)

have the same meaning in terms of world welfare. Hence we do not need to discriminate

. : . O0X{ _ OYf . :
with regard to e and consider the relation 9 e equation (11.4), then we get the
following first order condition:
oSwy oXf oYf
=0 & c__ i
e 0< (p“—k) e E'6(1+a) Ge (13)

The RHS in the second equation of (13) is the reduction of marginal environmental
damage and the LHS is the welfare cost of the reduced final-good output associated with the
pollution tax on intermediate-good production. In a perfectly competitive market in both
upstream and downstream markets, in which final-good price is equal to the tax-inclusive

L _Fo(1+a). As -

) 5 has the same meaning with

marginal cost, (13) would reduce to ef+

t
2
itself. In the competitive case both in upstream and downstream markets, thus, the price
charged on externality equals to the marginal damage (i.e., Pigouvian rule holds).

We denote e* as the optimal pollution tax rate on the production of intermediate-good
when both countries cooperate to maximize world welfare. The cooperative equilibrium tax e*,
which is given by equation (13), is a function of ¢t and a: i.e., e*=e*(¢, ). m and n are omitted
because they are not major focuses of this paper. Proposition 1 follows.

ef in the cooperative regime, ef+ —- can be regarded as the price charged on the externality

Proposition 1: The cooperative equilibrium in pollution tax imposed on the production of
intermediate-good is a negative function with respect to import tariffs on intermediate-
good(t), and a positive function with respect to the trans-boundary externality(a): i.e.,

det 1
=g <0, (14.1)
* 2m+1)2n+1b{E + (1+a)0YSE”
di _ ( m )( n ) { (2 A a’/) I } >0. (14.2)
da 2mn(2b+ (1+a)’0°E’)

Equation (14.1) implies that e* can be a substitute for ¢ in a proportional rate under the
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cooperative regime. Equation (14.2) means that since as « rises the marginal environmental
damage also increases, therefore the equilibrium tax as the price on the negative externalities
also should be set at the higher level in the context of global welfare maximization. Next we
consider the game where each government chooses the rate of the pollution tax to maximize
its own welfare.

V. Non-cooperative Pollution Taxes and Comparison with
Efficient Pollution Taxes

In this section we examine the non-cooperative Nash equilibrium in pollution taxes in
which each government chooses its pollution tax level to maximize its own welfare given the
tax level of the other country. The governments in both countries will choose their tax rates
knowing that the choice of the tax rate will affect the equilibrium of upstream and downstream
sectors. Considering w;=w_;=w from (8.6) and Y;'—Y ;=Y,—Q; from (9), the social
welfare function in the non-cooperative regime, SW?, can be rewritten as follows from (10):

SW¥:<if' "p(X)dX—kX,>+(p—k)(Q,—XI)+(w—k—r)(Y,—Q,)
2 Jy (15)
—E[@(Yri—aYﬁ)],

where the first term of the RHS is the social surplus on domestic consumption, the second and
third term are the social surplus earned on net export of the final-good and of the intermediate-
good, and the last term is domestic environment damage. Given the pollution tax rate of the
other country, we focus on the country I’s optimal tax rate. From (15), the first-order
condition for the government of country [ is given by

oOSWY 0X; ow < 0Y; 00 >
=(p—k + — (Y, — +w—k—t)| — — ——
ael (p ) 0@1 ael( ! QI) (W ) 6e1 661
(16)
0Y; 0Y_;
. o3)
661 « 681
The second-order condition is
0*Swy op 0X; ow < 0Y; 00 > 0Y; 0Y 1 \?
=+ —" 42— - *E”92<7+ 7> <0. 17
Oe? Oe; Oe; Oe; \ Oe; Oe; Oe; “ Oe; a7

6X I 6 Y] aQI
<0 and -

Oe; Oer Oer

concavity condition for the function E, the second-order condition is automatically satisfied.

Furthermore, in order to introduce the incentive of pollution tax in both countries, it is

Since <0 hold from (8.5) and (9), and E">0 from the

assumed that the value of 0;:%
1

The first order condition in (16) provides the usual reaction curve for country I on the
policy space of (er, e-;) given the other country’s choice in pollution tax. Considering the
assumption of two identical countries, the non-cooperative Nash equilibrium is given by the

evaluated at e;=e ;=0 is positive.
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intersection of country I’s reaction curve with a 45° line. Solving equation (16) and e;=e—;
simultaneously, we obtain the non-cooperative equilibrium taxes on the intermediate-good
production as functions of @ and ¢. (For the convenience of analysis, m and n are omitted.):
i.e.,

el =e¥=e(a, 1), (18)
where superscript “N” denotes the non-cooperative equilibrium. The effect of @ on e} can be
obtained by differentiating (16) with regard to a.

de" _ *SWY/(0ader)

da Q

B 1 2mn&*E’
- <§>< b2m+1)2n+1)(1+a) >{’7(Hm(1*“))*m(1+“)}’

o*SwWy o*Swy
where n=E"- (M;+aM_;)/E’ and Q= 5 L+ L <0.* Here, 7 represents the elas-
661 aeflael

ticity of the slope of the environmental damages function E, and it necessarily holds 7 >0 from
N

e
the assumption of the quasi-convexity of function E. In the expression (19), the sign of da

(19)

depends on the shape of E. From (19), we obtain the following proposition.

Proposition 2: If environmental damages function (E) is sufficiently convex (i.e., 7=

d N
%), then % is greater than zero. On the other hand, if E is not too convex
d N
(including linear function) (i.e., 0<7< %) then i is strictly negative.

Proposition 2 can be explained using the cross-partial derivative of country I’s social
welfare function, i.e., the derivative of its marginal welfare of pollution tax with respect to the
trans-boundary externality parameter(c). Differentiating (16) with respect to ¢, we obtain

62SW1[V { 7’] 6Y1 GY—] anj
=—E0 < >< - ) - <0. 20
dctder 1+a )\ e, % e des (20)
Since (;Y’ +a ‘ZY*’ <0and XL >0 from (8.3), the first term of RHS is greater than
er (s er

zero with 7 >0 by multiplying —E’6, while the second term is negative by multiplying the same
term. The degree of the trans-boundary (@) of the pollution has two welfare effects on country
I’s community through affecting the environment level.

4 We have,
p 0X; , ow [/ 0Y,  8Q; >} vgr( 0¥ | ) oY: )
Q=27—-— + - = —E"%* 1+
{ 661 661 681 6&‘1 6@1 661 681 661 661 ( a)
Here, since ov, 001 o, a— oY, <0 for all «&[0, 1] from (8.3), the sign of Q is
Oe; Oe; Oe; Oe;

strictly negative, i.e., Q<0.
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First, as shown at the first term of RHS of (20), it raises the size of the pollution level in
country I, and hence raises the marginal environmental damage if E is convex in its argument.
In this case, the pollution taxes as the price charged on negative externalities would rise as o
increases. Second, it changes the pollution-shifting effect of the tax, which is represented by the
second term of (20). As we will see afterwards, a unilateral increase of pollution tax in the
home has an effect of diverting the associated pollution to the other country through the
decrease of intermediate-good production in the home country, and an increase of that in the
foreign country. If a increases, however, the diverted pollution will flow back further to the
home, lowering the effectiveness of the pollution-shifting effect of the tax and hence reducing
the level of the pollution tax. And this second term does not depend on the convexity of
function E.

Therefore, the larger (resp. smaller) value of 7 implies that the former effect becomes
bigger (resp. smaller) relative to the latter effect, making the total net effect positive (resp.
negative). In an extreme case where 7=0 (E is linear function), the first term of RHS in (20)
vanishes and hence an increase in @ would necessarily lower the level of non-cooperative
pollution tax.

Next, we compare the non-cooperative equilibrium with the cooperative equilibrium that
is already derived as a benchmark in Section IV. To do this, as in Kennedy (1994), we examine
each country’s unilateral incentive to deviate from the cooperative equilibrium taxes by
evaluating country I’s first order condition, equation (16), at the cooperative equilibrium tax
rates(e™). We then decompose the overall incentive into four separate effects. In order to help
interpret equation (16) evaluated at e*, we subtract the first order condition for cooperative

N 43
equilibrium tax evaluated at e*, < e ! > =0, from the RHS of (16) evaluated at e*. And
considering that p©(e*) =p(e*) holds, it can be transformed as follows:
oSwy > < 0X;  0Xf > < oY, 00 >
(o )= 5= 5 )t k[ 2 - 22
21
oY, _ OYf oYf

, 0Y; > ,
—E'(e* < + +E'(e* :
"o der o de, e E’'(e*)Oa e

Consider each of the RHS terms of (21) in turn. As already suggested in Kennedy (1994),
the third term and the fourth term of the RHS capture the pollution-shifting effect (PSE) and
the trans-boundary externality effect (TBE), respectively. And since the PSE is greater than
zero, it tends to positively distort the equilibrium tax rates from their cooperative level for
a <1, while the TBE, of which sign is clearly less than zero for any values in «, distorts
negatively.

As for the PSE, a unilateral increase in the pollution tax rates has an effect of shifting the
associated pollution to the other country through the decrease of intermediate-good produc-
tion in the domestic country and an increase of the production in the foreign country. If the
domestic government maximizes its own welfare, it does not take into consideration the
environmental damage experienced by the foreign citizens. In this context, each country has an
incentive to set their tax rates higher at the non-cooperative Nash equilibrium than at the
cooperative equilibrium.
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And the larger value in ¢ implies that the PSE becomes weaker. If pollution is perfectly
trans-boundary then @ =1 and pollution-shifting effect vanishes. In order to confirm this,
oYf  0Y, | 0Y

considering = + from (11.3) and (8.3), it holds that
66 (9@[ aef
pse——E'@0( e Ot - T ) penaa-o i tzo @)
661 661 06 6e1 o
And differentiating PSE with respect to « yields
dPSE _ ,0Y;, E [ N 5, 0YF de* }
i 0 g (ayye | WO —(Fa)in(-—a) 550, @)
which is strictly negative only if <1+ (12+aa) . We assume for the remainder of the paper
oYy
that 7<1 to make ngE <0. As for the TBE, since aeI <0, it holds that TBE=E’(e*)
oYy o . . .
Oa Ge <0. If each government maximizes its own welfare, it does not take into considera-

tion the effect of the pollution created within its boundaries on the environment of the other
country. In this context regarding TBE, the pollution tax rate that is set non-cooperatively is
lower than the cooperative level. If @ =0 then this term vanishes. The larger value of «, the
greater the effect of trans-boundary externality. It holds that

dTBE _ 0Yf 2b6
da Oe Z

E'(e*) <% +1 > <0, (24)

where Z=2b+ (1+a)?0°E" >0. As noted above, PSE and TBE show positive and negative

oYY -
signs, respectively. Considering aeI = ZYI + 6;’ L holds, we can get the net effect of PSE
er er

+TBE as follows:

PSE+TBE=E’(«;*)9<% ta ‘ZZ’ > =E’(e*)< z’zg’zemz{’z 1_)‘2‘2(,’:1:11))} > (25)

From the above discussion, the following proposition is established.

Proposition 3: 1) PSE is greater than zero for « &[0, 1], and % <0. And PSE is
strongest when =0, and PSE=0 when a¢=1. TBE is less than zero for «a &[0, 1], and

% <0. And TBE=0 when a =0, and negatively strongest when « =0. 2) PSE+TBE is
m

positive for ¢ =[0, @], and negative for « =[&, 1], and zero for a =&, where & = m >

%. If either a < % or m = <° holds, therefore, PSE+ TBE >0.

Figure 1 describes the relation of PSE, TBE, and PSE+TBE with « for the case of E"=
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0. PSE dominates TBE when « is relatively small (i.e., « =[0, @]), however, TBE dominates
PSE when « is relatively large (i.e., a=[a, 1]).

Next consider the first and second terms of RHS in (21). These terms represent the rent
captured from the production of the final-good (i.e., Downstream Rent Capture Effect:
DRCE) and that from the net export of the intermediate-good (i.e., Upstream Rent Capture
Effect: URCE), respectively. In the vertically related markets, the pollution tax on intermedi-
ate-good production raises the intermediate firms’ costs, which subsequently raises the down-
stream firms’ costs due to the price of the intermediate-good. And in circumstances of
imperfect competition, this would affect the rents in those markets.

First, as for the URCE, it is clearly negative and hence tends to negatively distort the
non-cooperative equilibrium tax rates from their cooperative equilibrium level. This can be
explained as follows.

As can be seen in lemma 3, since a unilateral reduction in the pollution tax rate on the
intermediate-good production has an effect in increasing the net exports of this good, the
domestic government can capture the rent in the intermediate-good market from foreigners by
reducing the pollution tax when market is imperfectly competitive. And if the domestic
government maximizes its own welfare, it does not take into consideration the profit loss of the
rival country’s firm. Thus, a reduction in the level of the pollution tax on intermediate-good
production decreases the profit of the foreign upstream firms, and the domestic pollution tax
rate that is set non-cooperatively is lower than the cooperative level.

In this context both countries reduce pollution taxes in an attempt to exploit monopoly
power in trade. However, it is worth noting that no rents are actually captured in equilibrium
because two countries act symmetrically in this model. This suggests that the distortions are
harmful for the countries.

*
‘;Z >0 from (14.2) and ‘;—‘:
price of the intermediate-good evaluated at e*, extending the rent capture effect in the
upstream markets.’

Noting that >0 from (11.5), an increase in « raises the

oY, 00;

0e1 061

URCE={w(e*) —k—z}( > <0, (26)

dURCE _ ow de* < oY _ 0

do 0e* da \ Qfe; B Oe; ><0' 27)

As for the rent capture effect in the downstream sector (DRCE), this is clearly positive.

oxXf X
Considering OeI = (Zel’ and 2X;=Q;+Q;, the DRCE can be rewritten as
1

5 In the first order condition of (7.2),

. Ow o Oow ] <n+1> .
wo—Bi—t= ay;"y’ 6y1,[y fb{yﬁr n )V

By evaluating the above equation at the cooperative equilibrium level of the pollution tax(e*), we obtain:

w(e*)—k—t=e*0+b {yH (”%)wf} >0,
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—(p(e)—k) aQ >, (28)

DRCE={p(e*) k}< de, e
And differentiating DRCE with respect to @, we obtain

dDRCE _  0Q i 0Op de*
da Oe; 0Oe* da

>0. (29)

We assume in this model that a typical upstream firm supplies its products for the
downstream firms located not only in the home country but also in the foreign country. Under
such circumstances, for example, a unilateral increase in the domestic pollution tax on the
intermediate-good production raises the domestic upstream firms’ costs, which subsequently
raises not only domestic but also foreign downstream firms’ costs due to the price of the
intermediate-good. Thus although an increase in the domestic pollution tax would have a
direct effect of decreasing the domestic final-good production, at the same time it would have
an indirect effect which would offset such a decrease in the domestic final-good production
through raising the rival downstream firms’ costs located in the foreign country.

And since the domestic government maximizes its own welfare, it does not take into
consideration the decrease of final-good production and profit losses of the foreign down-
stream firms. Rather, domestic government would have an incentive to use the pollution tax on
intermediate-good production as an instrument to raise the downstream firms’ costs in the rival
country when both countries behave non-cooperatively. Thus, the domestic pollution tax rate
that is set non-cooperatively is higher than the cooperative level. Considering that the two
countries act symmetrically in this model, raising rivals’ costs do not actually exist in
equilibrium.

The rent capture effect between the upstream and downstream sector operate in opposite
directions, but as we see below, URCE always dominates DRCE as far as intermediate-good
trade exists. From (26) and (28)

DRCE + URCE= — {p(e*) —k} Q T4 e(e") —k— t}< oY: _ 0Qz>
6e1 6e1
(30)
_ —mn0 -
= G 1 Ty [E @m+ D@+ Dme+ @mn—m—1)] <0,

where U=4mn{a —k —e0— (2mn+m +n+1)t} is greater than zero with ¥; >0 from (8.2).
And this result reconfirms the proposition in the Spencer and Jones (1992), where they derive
the necessary and sufficient conditions for the existence of intermediate-good export by a
vertically integrated firm to the rival firm in the downstream market. Spencer and Jones (1992)
show that a vertically integrated firm would have a tendency to restrict exports of the
intermediate-good to the rival downstream firms in the other country. This is because an
integrated firm may gain rents in the market for the final-good (corresponds DRCE in this
paper) from raising its rivals’ costs even at some expense in the market for the intermediate-
good in the form of foregone rents form sales of that good (corresponds URCE). And a
vertically integrated firm engages in export of intermediate-good to its rival if and only if the
rents captured in the upstream market from net exports of intermediate-good dominates the
rents lost in the downstream market due to the weakened competitive edge in that market,



128 HITOTSUBASHI JOURNAL OF ECONOMICS [June

when evaluated at the foreclosure price of intermediate-good. °

If both countries impose prohibitively high tariffs on the imports of the intermediate-
good, then the trade of these goods are forced to zero between countries. We assume for the
remainder of the paper that ¢ <t", where ¢ denotes the prohibitive tariff and is implicitly
defined by 4mn{a—k —e0— 2mn+m-+n-+1)}=0.

Furthermore, considering that aaf]] — (?9811 =— <66Le;1 — %) from (9) and % =
2n Ow dURCE dDRCE .
m+1 oe from (8.7), the dat + dat can be rewritten as:
dURCE X dDRCE _ < oY ; 00 > ow de* | 00-; Ow de*
da da Oe; Oe; / 0e* da Oe; 0Oe* da
(D)
) & < 1 >5Q1}0wa’e*
_{ Oer * 2n+1 Oer oe* da <0.

The above analysis about rent capture effect in upstream and downstream sectors is
summarized in the following proposition.

Proposition 4: 1) The rent capture effect in the upstream (resp. downstream) by the
pollution tax on intermediate-good production is clearly negative (resp. positive) for a = [0, 1]
and so tends to negatively (resp. positively) distort the equilibrium tax rates from their efficient
level. 2) And the larger value of a implies the greater magnitude of both URCE and DRCE,

e, 7dD£¥CE >0 and 7dU2{CE <0, where URCE has the negative value. 3) URCE domi-
nates DRCE for any value of «, thus the total net rent capture effect falls as « rises: i.e., URCE
+DRCE<O0 for t<¢" and dURCE + dDRCE <0.

da da

As seen above, we have investigated each country’s unilateral incentive to deviate from
the cooperative level in the pollution tax when both countries choose their policy simultane-
ously. Out of these four effects, PSE and DRCE have the positive signs, while TBE and URCE
have negative ones, so the net effect of these four effects could potentially be either positive or
negative.

Next, we should examine the net results of these four effects. Considering (25) and (30),
the first order condition (21) evaluated at the cooperative level of the pollution tax can be
transformed as follows:’

¢ But it should be noted that unlike Spencer and Jones (1992), which deals with the behavior of the vertically
integrated firm, we deal with separated or independent firms in the context of vertical connection. However
considering the government in this paper is concerned with the sum of URCE and DRCE and that the vertically
integrated firm in the Spencer and Jones (1992) model is concerned with the joint profit of upstream and
downstream sector, the government in this paper plays the same role as the vertically integrated producer in the
Spencer and Jones (1992). Therefore it is not critical in the analysis whether the firm is vertically integrated or
not.

7 Substituting the second expressions of (25) and (30) into the relevant terms of (21) yields:

dSWi
dé‘]

> =URCE+DRCE+PSE+TBE
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Since a;/,, — ag L >0 holds from lemma 2, the sign of equation (32) would be
er er

coincident with the sign of the square bracket of RHS. Let’s define function @ as the square
bracket of equation (32):

O m, n, 0= (pe) —we) -1~ (T2 ) (o) k). (33)

oOSwWY

er

(i.e., ®(0; m, o, 0) =0). Proposition 5 follows immediately from (33).

Since p =w with n =00, ® equals zero and hence < > =0if n=0 and a=t=0

Proposition 5: If a =¢=0 under perfect competition in the upstream market, the non-
cooperative pollution tax level on the intermediate-good production coincides with the
cooperative level.

Next, consider the more general case where the assumptions in Proposition 5 do not hold.
Suppose neither n =00 nor a=¢t=0 holds. Evaluating ® in (33) at =0 and 1 yields
O0; m,n,t)y=p—w+t>0, O(1; m, n,t)=—(w—k—1t)<0. Since % <0 holds from (23),
(24) and (31), there necessarily exists a unique value of & that satisfies ®(&; m, n, t) =0 for
any values of parameters.

Proposition 6: Suppose neither n = nor « =t =0 holds. Then, there necessarily exists a
unique value of @(m, n, t) that satisfies ®(a; m, n, t) =0 for any values of parameters. If a <
a(resp. a>@), the non-cooperative pollution tax is necessarily over-corrected (resp. under-
corrected) in terms of world welfare. If @« =&, then the non-cooperative tax level coincides
with the cooperative level.

These results differ in two key respects from those of Kennedy (1994), who deals with a
single market.

First, Kennedy suggests that the non-cooperative pollution tax is always laxer than the
cooperative level for any values in « that are not zero, hence there is no possibility of being
over-corrected in the pollution tax in terms of world welfare. In contrast, we show that the
non-cooperative pollution tax can be stricter, coincident or laxer than the cooperative level
according to the value in «, and specify those conditions.

Second, in Kennedy, the non-cooperative pollution tax is coincident with the social
optimum only when the relevant market is perfectly competitive with @ =0. In this research,

Y- 00— oY 0Y,
—(pe*)— W(e*)ﬂ}( 1 ,%1 ek L B *)g< L ta ﬁezj )

K of (13) back into above equation and using 2 901 = o + — 2 derived from 2Q,=
Oey Oe;y Oe;

Substituting E'0= 1 Ta

Y,+Y , we obtain (32).
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F1G. 1. THE INCENTIVES OF THE STRATEGIC USE OF POLLUTION TAX
ON THE INTERMEDIATE-GOOD PRODUCTION
PSE+TBE ,

PSE

>

TBE

URCE+DRCE 4

DRCE

§

URCE

PSE+TBE ‘
A
+URCE+DRCE

0 i:i———> a
a

however, we show that the non-cooperative pollution tax can be coincident with the coopera-
tive level with o =¢=0 regardless of the market structure of the tax imposed industry (here,
upstream sector), only if the other vertically related market (here, downstream market) is
perfectly competitive. Moreover, we also show that even if ¢ =0 does not hold, there
necessarily exists a unique value of @ (>0) where the non-cooperative tax level coincides with
the cooperative level.

These results strongly depend on the nature of the model adopted here. In our vertically
related markets where both intermediate-good and final-good trade exist in imperfectly
competitive environments, the rent capture effects of the pollution tax operate in opposite
directions in both vertically related markets: i.e., the negative rent capture effect in the
upstream market would be offset by the positive rent capture effect in the downstream market.
In order to see this, suppose that the downstream market is perfectly competitive, thus there
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is no rent capture effect in this market. In this case, (21) would be transformed to

6SW§V> . ary
( ) e

Yy

Oe ’

+E’(e*)9& +E’'(e*) Oar
661

(34)

where the first and second terms respectively represent the negative rent capture effect and
positive pollution shift effect with relation to shifted production of the intermediate-good due
to the pollution tax in the upstream market. And as can be seen in Kennedy (1994), the rent
capture effect dominates the pollution shift effect. Therefore, considering that the trans-
boundary externality effect (the third term of RHS in (34)) is less than zero, the overall net
effect in (34) is necessarily negative for all « that is not zero. In this context, the arguments in
Kennedy (1994) hold as one special limiting case in our model.

VI. The Effect of Trade Liberalization

In this section, we examine how trade liberalization in the upstream might affect the
non-cooperative pollution tax on the intermediate-good production. Although we only discuss
import tariffs on goods in this model, we interpret a decrease in their levels in both countries
more broadly as a reduction in trade barriers. The effect of ¢ on e} can be obtained as follows
by differentiating (16) with respect to ¢:

def < *Swy > /
=— Q 35
dt 61‘661 ( )
orSwy o*Swy del
Since Q= Ly - <0 from footnote 4, the sign of aer in (35) is coincident

Oe? Oe_0e; dt

with that of numerator, where

Gtael ot 661 ot 691 (961
(36)
” oY, < oY, 0Y | >
—E"6*(1+ - :
E'0°(1+a) ot \ e, a oe;

The second term of (36) that is positive represents the effect of trade liberalization on the
marginal social welfare of the pollution tax in terms of net exports in the intermediate-good.
Trade liberalization through a co-reduction of the import tariffs on the intermediate-good

ow
T o(—1)
ow—k—t)

o(—1t)
the magnitude of the rent capture effect of the pollution tax, resulting in a decline of the
equilibrium pollution tax on intermediate-good production. This result confirms the arguments
that trade liberalization may lead countries to reduce their environmental standards in an
attempt to gain a competitive edge over their trading partners.

The first term, that is negative, captures the effect of trade liberalization on the marginal

decreases the price of the intermediate-good (i.e. <0). However, this raises the rent

per unit of the intermediate-good export (i.e., >0), and ceteris paribus, it extends
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social welfare of pollution tax in terms of domestic consumption (or production) of the
final-good. A co-reduction of the tariffs on the import of the intermediate-good reduces
downstream firms’ cost due to the price of the intermediate-good, which subsequently lowers
o(p—k)
o(—1t)
<0). This would abate the marginal welfare loss which is caused by the decrease in the
final-good production due to the pollution tax. Consequently, a co-reduction of tariffs would
have an effect of raising the non-cooperative pollution tax in terms of domestic consumption
of the final-good.

The third term represents the effect of trade liberalization on the marginal social welfare
of pollution tax in terms of environmental damage, and the sign of this term is less than zero.
Tariff reduction in both countries expands the production of the intermediate-good and in turn
raises the marginal social benefit of the pollution tax as far as E” >0. Therefore, it works to
raise the non-cooperative pollution tax on the intermediate-good production. From the above
analysis, the following proposition is established.

the price of the final-good and hence the rent per unit of final-good production (i.e.,

Proposition 7: Suppose E”=0. Trade liberalization in terms of tariff reduction on
intermediate-good imports in both countries necessarily lowers the non- cooperative pollution
tax on intermediate-good production.

pf. Since the third term of RHS in (36) vanishes, if the absolute value of the second term

2 WN
exceeds the first term, it holds o10e - >0. In order to verify this, it is sufficient to show that
I
ow | |0p 0Y;  0Q: | | 0X;
o 1 o >0 and de; de, de; >0. As for the former,
Ow | |op <fLw n 51) g Mnflow  mttl
ot ot ot ot 2n+1 ot 2m+1)(2n+1) ’
And as for the latter, considering 2X;=Q;+Q =Y, +Y |,
oY,  0Q 0X; | _ 0X; | 0Q; _ 0Y; :2<6X1>7 OYr _ 0¥
6@[ Oej 0e1 661 0@[ 0e1 6@1 6@1 0e1

The trade liberalization in the upstream sector has a direct effect of reducing the pollution
tax on the intermediate-good production in an attempt to capture the competitiveness edge in
the upstream market, however, in the downstream sector, it has an indirect off-setting effect of
raising the pollution tax. Since trade liberalization is applied to the trade of the intermediate-
good, it is straightforward that the direct effect which takes place in the upstream market
dominates the indirect effect which occurs in the downstream market.
dey

dt

either positive or negative, especially according to the shape of function E. If environmental
N

de
damages function E is not too convex (including linear function), TII is likely to be negative,

When E” >0, however, the sign of is ambiguous. Therefore, it can be potentially

because the third term of the effect on marginal environmental damages in (36) would be
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dey
relatively small. On the other hand, as the convexity of function E increases, T; is more likely

to be positive, because the third term dominates the net effects of the first and second term due
to the increasing marginal environmental damages.

VII. Conclusion

We have analyzed the strategic incentive to distort the use of pollution tax on the
intermediate-good production in the context of international oligopoly both in the upstream
and downstream sector. And we also have investigated the effect of trade liberalization on the
equilibrium pollution tax. The main results are as follows.

First, we have found that the non-cooperative pollution tax level can be stricter or laxer
than the cooperative pollution tax level in accordance with the magnitude of the trans-
boundary externality («): i.e., there exists critical value &, such that for a <&, the non-
cooperative pollution tax is necessarily over-corrected in terms of world welfare, while for
a <@, on the contrary, the non-cooperative pollution tax is necessarily under-corrected.

Of particular importance is the fact that the pollution tax on the production of the
intermediate-good generates two conflicting effects with relation to rent capture effects: it gives
each government an incentive to negatively distort the efficient pollution tax so as to capture
the rent from the increasing net exports of the intermediate-good, while giving an incentive to
positively distort the efficient pollution tax in the downstream sector. Although the former
dominates the latter (therefore the sign of the net rent capture effect is still negative), the
magnitude of the net rent capture effect (RCE) of pollution tax is reduced by the offsetting
effect in the downstream sector. As a result, the pollution-shifting effect (PSE), by which the
non-cooperative pollution tax is positively distorted from the efficient level, dominates the net
rent capture effect when it is relatively small, resulting in the over-correction of pollution tax
in terms of world welfare. However, as « rises, the PSE becomes weak. And thus the
trans-boundary externality effect and net RCE dominates the PSE, resulting in the under-
correction of pollution tax.

Second, it is related to the effect of trade liberalization. In the cooperative regime where
both countries choose the tax level to maximize world welfare, the pollution tax and import
tariff have the equivalent effect on welfare. This implies that the equilibrium pollution tax in
this regime would rise in response to the tariff co-reduction in both countries. However, in the
non-cooperative regime, each country would have an incentive to use the pollution tax
strategically from the viewpoint of maximizing one’s own welfare.

This suggests that the trade liberalization in the upstream sector has a direct effect of
reducing pollution tax on intermediate-good production in an attempt to capture the competi-
tiveness positions in the upstream market, which dominates the indirect offsetting effect of
raising the pollution tax that is induced in the downstream sector.

Thus if the marginal utility from the production of the externality is constant, trade
liberalization in terms of co-reduction of tariffs on intermediate-good imports would necessar-
ily lower the non-cooperative pollution tax. If the marginal disutility of pollution is sufficiently
increasing, however, trade liberalization would tend to raise the pollution tax due to the
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increasing marginal environmental damages.

Third, it is related to the condition under which the level of the non- cooperative Nash
equilibrium pollution tax is equal to that of the efficient pollution tax. In Kennedy, non-
cooperative pollution tax is coincident with the social optimum only when the relevant market
is perfectly competitive with @ =0. In our research, however, we show that non-cooperative
pollution tax can be coincident with the level in the cooperative regime with « =¢ =0 regardless
of the market structure of the tax imposed industry (here, upstream sector), only if the other
vertically related industry (here, downstream sector) is perfectly competitive.

This result depends on the nature of the market structure that the upstream and
downstream sectors are vertically related to, and that the downstream sector is assumed to be
integrated between the two countries. From lemma 2, if final-good markets in both countries
are perfectly competitive (n=c°), then the prices charged for the intermediate-good become
identical between the home and foreign country regardless of market equilibrium, implying
market integration in the upstream sector. In this case where final-good markets are perfectly
competitive, since both upstream and downstream markets are respectively integrated across
the two countries, the model considered here is coincident with that of the closed economy.
Thus the non-cooperative Nash equilibrium pollution tax would be same with the equilibrium
pollution tax in the cooperative regime where the equilibrium tax rates are chosen in terms of
world welfare maximization.
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