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Abstract

Tariff is a trade measure with both of the trade and environmental effects.
This article analyzes the interaction between the tariff rate and the short and
long run environmental qualities of imperfectly substitutive imported goods. In
the first part, we analyze the effect of changing the tariff rate on the environ-
mental qualities of imported goods. That is, the import country government
sets up the tariff rate before the foreign exporters choose their environmental
gualities. If improving environmental qualities reduces the rate of decrease of
consumers' marginal utilities, then a reduction in the tariff rate results in
higher environ-mental qualities; moreover, the long run environ-mental
gualities of imported goods will be higher. In the second part, we discuss the
effect of environmental quality improvement on the optimal tariff. That is, the
foreign exporters choose their environmental qualities before the home
country government sets up the tariff rate. When the consumers are not
environmentally conscious, whether the importance of environmental qualities
is emphasized or not, it is optimal for the government to impose a lower
(higher) tariff rate on the high (low) environmental quality imported goods. If
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the environmental quality improvement cost is sufficiently higher than the

marginal pollution abatement and/ or marginal environmental damage, or if the

import country government emphasizes environmental qualities, then the long
run tariff rate on high environmental quality imported goods should be lower

than that of the short run tariff.
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[. Introduction

Trade and environmental issues have been attracting much attention in the
international community in recent years. Unilateral trade measures for
environmental purposes have caused many trade disputes amaMgA@ATT
members. The World Trade OrganizatiohTO has therefore established the
Trade and Environment Committee to coordinate trade and environmental policies
among member economies. The major trade and environmental issues under
discussion in theNTO are the regulation of process and production methods,
transparency in environmental law and policy, the scope of domestically
prohibited goods, etcWTO (1996, 1997)).

The GATT agreement requires the generally most-favored-nation treatment
(Article 1), the national treatment (Article IllI), antidumping (Article VI), no
restrictions other than duties, taxes or other charges (Article Xl), restrictions on
subsidy (Article XVI), etc. ThereforeGATT restricts the strategic use of trade
measures, e.g., tariffs, non-tariff barriers, subsidies, etc. HoweraiT Article
XX provides an exception to Article XI, as follows:

“Subject to the requirement that such measures are not applied in the manner
which would constitute a means of arbitrary or unjustifiable discrimina-
tion...nothing in this agreement shall be construed to prevent the adoption of
enforcement by any contracting party of measures: ... b) necessary to protect
human, animal, plant life or health ....g) relating to the conservation of exhaustible
natural resources of such measures are made effective in conjunction with
restrictions on domestic production or consumption.”

Therefore, under the name of environmental protection, many countries are
resorting to trade measures, for instance, trade bans or restrictions, trade sanctions,
green tariffs, border tax adjustments, countervailing duties, mandatory eco-labels,
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and so on. Hence, such trade measures also have environmental effects through
affecting firms’ decision on such matters as output quantity and environmental
quality (Jayadevappa and Chhatre (2000)).

Among various trade measures, tariff is the most commonly seen. Tariff is can
be a unit tax or an ad valorem tax on imported goods. The concept of ‘green tariff’
is to impose different tariff rates on imported goods in order to encourage higher
environmental qualities. Usually it is very difficult to measure the emission of
imported goods in consumption, not to mention their emission in production. For
example, to monitor the exactly emission caused by imported cigarettes is highly
costly. Therefore, tariff as an output tax will be more efficient than an emission tax
when it is costlier to measure the exact emission of imported goods (Schmutzler
and Goulder (1997)).

Both trade and environmental measures have their concomitant trade and
environmental effects. ThR&/TOGATT agreements regulate the trade effects of
trade measures, while multilateral environmental agreements deal with the
environmental effects of environmental measures. The Standards Code, as part of
the GATT system, requires that environmental measures are transparent to all
GATT members and that there are no arbitrary or discriminative product and
environmental standards. However, whether or not and in what way one country is
entitled to apply for trade measures to achieve environmental targets are questions
which are still under discussion in tiéTQ, as is the issue of when a country is
allowed to use tariff or non-tariff barriers for environmental purposes.

Three major lines of inquiry are generally to be found in the trade and
environment literature. The first is the environmental effect of trade measures, e.g.,
Anderson (1992), Copeland (1996), d’Arge and Kneese (1972), Koo (1974),
Ludema and Wooton (1994, 1997), McGuire (1982), Markusen (1975), Merrifield
(1988), Pethig (1976), etc. The second is the trade effect of environmental
measures, e.g., Conrad (1993), Kennedy (1994), Lutz (1992), Sartzetakis and
Constantatos (1995), van Bergeijk (1991), Walter (1972), etc. And the third is the
coordination of trade and environmental policies, e.qg., Krutilla (1991), Perroni and
Wigle (1994), and Whalley (1991).

However, most of the existing literature on the trade and environmental issues
focuses on pollution in production. Pollution in consumption has yet to receive
much attention in formal economic analysis, although many countries have
already implemented trade measures on the environmental qualities (pollution in
consumption) of imported goods. For instance, the U.S. and the European Union
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have imposed either tariff or non-tariff restrictions on imported goods according to
their environmental qualities. The green tariff concept proposes a lower (higher)
tariff rate on higher (lower) environmental quality imported goods. However, the
green tariff also has its trade effect, such as rent shifting. At first glance, it would
seem that the green tariff is for “green” purposes. However, strategic environ-
mental policies can be a substitute for strategic trade policies if the multilateral
environmental agreements allow for the former and the if trade conventions restrict
the latter. In this paper, we set out to prove that a green tariff is still a desirable
strategic environmental policy for an importing country, even if neither the
government nor consumers take environmental factorsaictount. Moreover,
there is little in the literature on the interaction between firms’ decision on
environmental qualities and the government of the importing country’s choice of
the tariff rate’

Many empirical studies support that consumers will concern the consumed
good's environmental quality: Blend and Ravenswaay (1999) find that American
consumers prefer to buy eco-labeled apples. These eco-labels indicate various eco-
friendly practices such as restrained pesticide use, soil conservation, wildlife
protection, water conservation, etc. Moreover, Stevens, Ahmad, Ruddell (1998),
Wessels, Kline and Anderson (1996), and Wessels, Johnston and Donath (1999)
also find similar phenomena in various American markets. Chan (2000) finds that
mainland Chinese consumers take into account environmental claim types and the
source country’s green image. Moreover, the relevant source country's image has
significantly affects the effectiveness of environmental advertising.

Following these empirical findings, a few theoretical analyses assume that
consumers are willing to pay willing to pay more for goods with higher
environmental qualities: Matoo and Singh (1994) make this assumption and show
eco-labeling will lead to distinct prices for certified and non-certified goods.
Swallow and Sedjo (2000) separate consumers into eco-consumers and on-eco-
consumers. Eco-consumers will change their demand after they receive more
information of the good’s environmental quality. On the contrary, non-eco-
consumers will not change their demand after they have more information of the
good’s quality.

1Although Ludema and Wooton (1994) find that the government of the exporting country has an
incentive to promote pollution abatement among its firms, the paper is deficient in that it merely
analyzes the interaction between the two governments rather than between the government of the
importing country and firms in the exporting country.
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The first part of this paper therefore examines the effect of changing the tariff
rate on the environmental qualities of the goods exported by the foreign firms.
That is, we discuss the question, if the importing country sets up its tariff rate
before the foreign exporters choose their environmental qualities, then how does a
change in the tariff rate affect these environmental qualities? The second part of
this paper analyzes the effect of improving the environmental qualities of imported
goods on the optimal tariff rate. That is, if the foreign exporters choose their
environmental qualities before the government of the importing country sets up
the tariff rate, then how does a change in environmental qualities affect the optimal
tariff rate? Moreover, we take the short and long run effects into consideration and
apply the Le-Chatelier Principle to analyze the difference between the short and
long run effects.

This study is organized as follows: Following the introduction, in Section Il we
establish a basic model to analyze the above issues. Section Il focuses on the
effect of the tariff rate on the environmental quality of the imported good. Section
IV discusses the optimal tariff rate, taking the short and long run environmental
qualities of the imported good into account. Section V concludes the study.

[l. The Basic Model

In order to simplify the analysis, we assume that there are no domestic firms in
the home country (import) market and that therenai@reign firms (exporters).
Thesen foreign firms produce heterogeneous goods and export all of their
products to the home country. Following Krishna (1987), we assume the demand
function in the home country to be

P =P(q,...d\n)i=1..,n

whereP',d andd are, respectively, iltte foreign firm’s output price, quantity
and environmental quality.
Moreover, we assume that the demand function has the following properties:

) i
(A1) P; Eé-P—i <0, i=1,..,n
oq

) i
(A2) P., =& <0, i=1,..nm
a9

(A3) given the same, a, P,'<P.,i=1,..n;
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(A4) Py =P _ =Pi;=0,i=1.,n

(A5) P, = QE—; >0,i=1,..,n

(A6) given the same, a, P, are all equalP.; are all equal, aRy{ are all
equal,i =1,...,n.

Assumption (A1) is common for market demand, i.e., the market demand curve is
downward-sloping. Assumptions (A2) and (A3) imply that the products oh the
foreign firms are imperfect substitutes and that the self-price effects are larger than
the cross-price effects. Assumption (A4) assumes a linear demand functional form
for quantity. This is done in order to simplify the mathematical calculétion.
Assumption (A5) implies that the willingness to pay of the consumer increases
with the environmental quality of the proddé&ssumption (A6) is an assumption

of symmetry. It implies that the demand functions ofrtHereign firms have the
same self-price and cross-price effects; the effects of improving environmental
quality on product price are also the same.

Furthermore, to focus on the importance of environmental quality in the home
country, we assume that all thefirm imported goods generate pollution in con-
sumption. The pollution generated per imported gosce = & d), i =1,...,n,
with e =de(d)/dd <0.* The above inequality implies that the per output
pollution decreases as the environmental quality increases.

Furthermore, the environmental damage function for the home country
isD(2/-16(a)Q)|a -4 v, WithD’ >0 andD"” >0 4That is, environmental damage
is a strictly convex function of the total pollution caused by imported goods.

As with Conrad (1993), Conrad and Wang (1993), Kennedy (1994), and
Schmutzler and Goulder (1997), it is assumed that the marginal production cost is
fixed. Furthermore, we assume the marginal production icesti, ..., n, with

2Because implicit functional form helps us explain the economic intuitions, we still use an implicit
functional form in the ensuing discussion in spite of the assumption of a linear demand function.
SGenerally speakingPi,i increases as consumers become more environmentally conscious. If the
consumers are not environmentally conscious, Fh'gn =0.
“This functional form implies that all thefirm goods have the same pollution function; i.e., when the
environmental qualities are the same, the per output pollution generated is the same.
5This assumption implies that tinefirms all have identical production cost functions.
®Here we assume that an increase in environmental quality increases marginal productionozdsts.
to reduce pollution in consumption, manufacturers usually have to spend more on making their products
more recyclable, energy saving, bio-degradable, and so on. That is, for each unit of output, a
manufacturer has to spend more on raw materials, parts, etc. Therefore, the marginal production costs
strictly increase with environmental qualities.
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c' =dc( ai)/dai >0,c"=d 2c(ai)/d(ai)2 > 0 >These inequalities imply that when

the n firms increase the environmental qualities of their products, the marginal
production costs also increase; moreover, the increased magnitudes of the marginal
production costs further increase with the environmental qudlities.

[ll. The Effect of the Tariff Rate on the Environmental
Qualities of Imported Goods

In this section, we analyze the effect of a reduction in the tariff rate on the
environmental qualities of imported goods. Our model is a two-stage game: In the
first stage, then foreign exporters simultaneously choose their environmental
qualities under the given tariff rate. In the second stage, the foreign exporters
engage in Cournot-Nash competition in the home country’s market. To solve for
the subgame-perfect Nash equilibrium (SPNE) of this game, we follow backward
induction. We first solve for the Cournot-Nash output quantities in stage two, and
then solve for the Nash equilibrium environmental qualities in stage one.

We also take the short run and the long run situations into consideration. The
criterion for distinguishing the short run and the long run is whether or not the
number of foreign firms can be adjusted. In the short run, the number of foreign
firms is fixed. In the long run, the number of foreign firms can change, and the firms
will exit or enter the market until each firm has achieved normal (zero) profit.

A. Short Run Effects

In this subsection, we consider the short run case in which the number of
foreign firms is fixed.
We set up the foreign firms’ profit functions as below:

(... d\a,t) = P}, ... d\a)d —tq,i=1,..n Q)
wheret is the tariff rate per imported proddct.
Differentiating Equation (1) with respect t9 , we obtain the first-order

"The short run and long run analysis here is irrelevant to the cost structure, that is, there is no difference
between short run and long run production costs.

8Here we assume that the home country government imposes a non-discriminative tariff rate. This is a
reasonable assumption since the foreign firms in the model are identical in terms of symmetry in their
market demand functions; they are also identical in terms of production and pollution functions.
Therefore, in equilibrium every foreign exporter chooses the same environmental quality and the home
country government imposes a non-discriminative tariff rate.
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necessary conditions for the foreign exporters’ profit maximization:

. on(q, ... d.,a.t)

= P:qi+Pi—c—t=O, i=1,..n. (2)
Also, we assume the second-order and stability conditions, that is,

_ 2. i,1 no_i _
=2 M0 8l S ppicg =1,
a(a)
2y e Ty
My M1 T
A=|. . . .|>(<)0, ifn=even (odd) number
7711 7711

to hold, whereri  =d°r(q", ... o' a,t)/dqdq" . Solving the first-order
conditions simultaneously, we obtain the equilibrium output quantities:

qg=9g(@,..,at), i=1,..,n. (3)

Therefore, the equilibrium output quantity of fiins a function of its own and
the other firms’ environmental qualities and the tariff rate. Totally differentiating
Equation (2) with respect tq’, .., q", a', .., a" andand applying Cramer’s
rule, we find the following comparative static results (See Mathematical Appendix
A for details):

n i k
2P —P_ k=Tkzi2P,—P_

=S —="—(Pj,q +P,—c')| 1+ S '—T?;k"'f , =1, (5)
i P k:l‘k;izpk_P~
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i aq’
0, =%
oda
1 PY o
ia +P _C ] Is :11"-!n1 ¢|| 6
Azp— ~.( a0 )2Pk j j (6)

where Q=n_,(2P,-P.,) = (2P1—P~1)(2P§—PEZ)...(ZPE—PTn) . According
to Equation (4), the effect of raising the tariff rate on the output quantities of the
foreign exporters is indeterminate and depends on the relative environmental
qualities (i.e.,P_,—P., ). However, we can be sure of one thing: When all of the
environmental qualities are equal,= Q/A(2P,—P;) <0  must hold. As a result,
raising the tariff rate must reduce the equilibrium output quantities of all firms.

From Equations (5) and (6), it is seen that the effect of an increase irsfirm
environmental quality on its own and on the other firms’ equilibrium output quanti-
ties depends on the sign Bf,q' +P,—c' . Whefq' +P,+-c'>[<,=]0 , an
increase in firm’s environmental quality will make firs output quantity increase
(decrease, stay the same) and the other firms’ output quantity decrease (increase,
stay the same). This is because when one firm improves its environmental quality,
its market demand curve shifts outward (iR,>0 ), the marginal production
curve shifts upward (i.e¢' >0 ), and the slope of the market demand curve (i.e.,
P.,) changes. Therefore, if the magnitude of the shift in the demand curve is larger
than that of the marginal cost curve (iR,q + P,—c'>0 ), then an increase in
environmental quality of the imported good will increase the output quantity. In
addition, since thex goods are imperfect substitutes, an increase in one firm's
output must reduce the other firms’ outputs.

We then solve for the equilibrium environmental qualities. Given the equili-
brium output quantities in Equation (3), we can rewrite thérms’ profit
functions as follows:

n'@, ..., H=nq'@, ... a\t),..q, @, ..at), i=1.,n (7

Differentiating Equation (7) with respect 8 , we get the first-order necessary
conditions for the firms’ profit maximization:

. i, 1 n
nilzo"ﬂ(a,..i., a,t)
ga o
_dngq, 9dndq  on

aq" 9a j; dq'oa 4

0 Strategic Effect Profit Effect



322 Horn-In Kou, Jin-Li Hu and Hong Hwang

= (Pla+0a—C)q T+ (Pa—C')d
Strategic Effect Profit Effect
= (Pa—C)d(1+ 1) +Pi(d) T=0,i=1..n (8)

where = QP 5, . (P)/2P) —PL)/A(2P! —P.) . Firmi’s profit maximiza-
tion condition guaranteedp'/dq = 0 . Firis choice of environmental quality
will affect not only its own profit (called ‘profit effect’) but also outputs of other
firms (called ‘strategic effect’).

Sincel > 0, the firms’ best quality choice must satisfy

Pl-c <(=,>)0 if P,>(=,<)0 i=1,..n. (9)

That is, if the change in the environmental qualities of the imported goods does not
affect the rate of decrease of consumers’ marginal utilities due to the increase in
consumption (i.e.,P, = 0 ), then a firm's optimal decision as regards the
environmental quality of the product must make the increase in the marginal
production cost be equal to the increase in the consumers’ willingness to pay at the
last unit of improving its environmental quality. If an increase in the environmental
qualities slows down the rate of decrease of consumers’ marginal utilities (i.e.,
P, = 0), in order to promote market sales, the foreign exporters will over-
improve their environmental qualities, making the increase in the marginal
production costs higher than the increase in consumers’ willingness to pay.
Conversely, if an increase in the environmental qualities speeds up the rate of
decrease of consumers' marginal utilities (P&,,= 0 ), then the foreign exporters
will have much less incentive to improve the environmental qualities of the
imported goods, making the increase in the marginal production cost lower than
the increase in consumers’ willingness to pay.

We assume the second-order conditions, that is,

_on'(a’,.., a\t)

nii = P2
a(a)

to hold. Solving then first-order conditions simultaneously, we derive the equili-

brium environmental qualities as follows:

<0, i =1, ..,n.

a = a(tn), Vi (10)

%Since the market demand functions are symmetric and all the production cost functions are identical, the
environmental qualities must be equal in equilibrium.
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Substituting Equation (10) into Equation (3), we have the equilibrium output
quantities of the foreign exporters:

q = qg(tn), Vi (11)

According to the above analysis, we can derive the following proposition.

Proposition 1  In the short run, iiP:a, P_a>[=,<]0, ,then areduction in the tariff rate increases

(does not change, decreases) the environmental qualities of imported goods.

Proof Based on the assumption that all firms are identical, it is sufficient to analyze one representa-
tive firm. Referring to Mathematical Appendix B, we have (the supersomgians “short run”):

1 [ i i .2 .0
((jj_?s = _—iqtqDP:a+(n—1)PLia[1+(n+1)(PLi) ?] E; (12)

ii
where @ = 1/(2P: - PLi)[ZP: +(n— 1)Pii] >0 This completes the probf.

The economic intuitions implied by Proposition 1 are as follows: As mentioned
above, the determination of the equilibrium environmental qualities depends on
the relative magnitudes dPia, c' arﬂ:a . That is, the last unit of fism
environmental quality must maHéL, c' an‘i’éj51 satisfy the equilibrium condi-
tions. Thus, provided that the change in the tariff rate makes the relative
magnitudes OPL, c' anEﬂa change, then the equilibrium environmental qualities
will change. Meanwhile, whertPL1 increases, it increases ifsnprofit after
improving its environmental quality; thus, it encourages firto improve its
environmental quality.

According to the above analysis, we know that given the environmental
qualities of imported goods, lowering the tariff rate will increase the firms' output
guantities. In addition,Pia>[:,<]O implies that as consumption increases,
consumers’ willingness to pay due to the improvement in environmental qualities
will increase (stay the same, decrease). In summa?)i{,,‘ HO , then lowering the
tariff rate increase®), , thus making the foreign firms improve the environmental
qualities of imported goodS.

Conversely, ifP,, <0 , lowering the tariff rate makes the foreign firms decrease
the environmental qualities of imported goodsPlf =0, the change in the tariff
rate cannot affect the magnitude R through adjusting the output quantities.

10Since we assume that the fixed marginal production costs and linear demand functions, i.d?,:a and ,
respectively, are not functions gf a change in the tariff rate has no effectan ahp at all.
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Thus, no matter how the home country government adjusts the tariff rate, the
equilibrium environmental qualities will not be affected.

Lemma 1l If P:a, Plia> [=,<]1 0, an increase in the number of foreign firms makes the foreign

firms increase (not change, decrease) the environmental qualities of imported goods.

Proof According to Mathematical Appendix B, we must have

da®= L8 (pl _cy+pPl g1+ (n-2)(PL) @), a3)
dn ,—,:in—l

Thus, proving this lemma with Equations (9) and (13) is straightforward.

The economic intuitions of Lemma 1 are as follows. The change in the number
of foreign firms changes the degree of market competition and thus the
equilibrium output quantities.

Thus, the analysis is quite similar to that of Proposition B}jf> 0, because
the increase in the number of foreign firms increases the equilibrium output
quantities and thus the profits arising from improving the environmental
qualities, the SPNE environmental qualities increase with the number of foreign
firms.

B. Long Run Effects

In the last subsection, we assumed that the number of foreign firms is fixed. In
this subsection, we relax this assumption in order to discuss the effect of the tariff
rate on the environmental qualities of imported goods when firms are free to enter
and exit the market.

In the long run, the foreign firms are free to enter and exit the market. Therefore,
the equilibrium conditions consist of both the first-order conditions of profit
maximization and normal (zero) profits. The normal profit conditions are

na,..at)=0i=1..n. (14)

Solving Equations (8) and (14) simultaneously, we obtain the long run equilibrium
number of foreign firms* and the environmental qualities of imported goods,
thus:

a = alt), Vi (15)

Substituting Equation (15) into Equation (3), we derive the long run equilibrium
output quantities:
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q = qXt), vi (16)

Lemma 2 Inthe long run, an increase in the tariff rate reduces the number of foreign firms.

(Proof) From Mathematical Appendix C, it can be shown that (the subgerans “long run”)

i i i
dn|' _ 2Pi(2P, —P~i)¢><0

= : 17
dt pLiqD an

Proposition 2 In the long run, ifP:a, PLia> [=,<]0 , lowering the tariff rate makes the foreign

exporters increase (not change, decrease) the environmental qualities of imported goods.

(Proof) From Mathematical Appendix C, it can be shown that

| . 2P'(2P —P LYo
pA =—i{ﬂi'+—'( - 22| (18)
. P q

wherelTit = aiq{ P, + (n0- )P, [1+ 0+ 1)(PL) @]} MI" = (a/nd -1) (PS—c)+
(PZ—C’) + Plia(qlib [1+(nE- 1)(P~i)2¢>] . This completes the proaf]

To illustrate the long run effect of the tariff rate on environmental qualities and
to compare it with the short run effect, we resort to the Le-Chatelier Principle.
Rearranging Equation (18) and combining it with Equations (12), (13) and (17),
we can express Equation (18}'as

gd%’ = S8 p) 4 (nD- 1)1+ (004 1)(PLY @]},

+ A8 (P - Pl [+ (M- 1)(PL) 0
I7 on4— 0
2Pj(Pi—P.) ®
PLiq0

s dn
g
OO
(-) |
The above equation shows that the long run effect of the tariff rate on

environmental qualitiegda/ dt)|I can be decomposed into a short run direct
effect (da/ df)|° and an indirect effe¢tia/ dt)|°(da/dt)|'  through adjusting the

—da

dt

s da
+dn

"The comparison between the short run and long run effects is conducted under the long run equilibrium
number of foreign firms*.
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environmental qualities. According to Lemma 2, a rise in the tariff rate reduces the
long run number of foreign firms; and by Proposition 1 and Lemma 1, the short

run effects of the tariff rate and the number of foreign firms on the environmental

qualities are either opposite or are both zero. Therefore, the long run effect of the
tariff rate on the environmental qualities of imported goods is always larger than

or equal to that of the short run effect, iléda/ dt)|'| = |(da/ db).

Propositon 3 If P: a PLia >[=,<] 0, when the home country lowers the tariff rate, the long run envi-
ronmental qualities of imported goods will be higher than (equal to, lower than) those of the short run.

IV. The Effect of Improving Environmental Qualities
on the Optimal Tariff Rate

In this section, we discuss whether the home country government should
impose a lower tariff rate if the foreign exporters are active in improving the
environmental qualities of imported goods. This section differs from the last since
here the environmental qualities have been determined first, with the home
country government later setting up the tariff rate in order to maximize the net
social surplus of the home country. As with the setup in the last section, the model
here is also a two-stage game. In the first stage, the home country government
chooses the optimal tariff rate given the environmental qualities. In the second
stage, the foreign firms simultaneously choose the output quantities of imported
goods.

A. Short Run Effects

In this subsection, we analyze the short run optimal tariff policy. First, we solve
for the second stage equilibrium quantities. The results are the same as Equations
(3), (4), (5) and (6) and can rewritten as

qd =d@..at)=q Vi (19)

o = (2P -PL)® < 0, Vi; (20)

dy = —(Pid + Pa—c)[2P + (n-2)PL] @, Vi; (21)
a) = ~(Plq +PL—c)PL @, Vij, j#i; 22)

Second, we solve for the optimal tariff rate. Since we assume that there are no
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domestic firms, the welfare function of the home country consists of consumer
surplus, tariff revenue, and the environmental damage caused by pollution. The
home country’s social welfare function is

G(a', .., d\ t)]az-a v

=g(q" (a', .., @, 1), ..., d'@, ..., a\va’, ., t)]a-a v

:Z[E'Pi(ql,m, i_l,X, i”,...q”,ai)dx
i=1
SR
- o0y e(d)qT
a=av Dl:l

(A ) a2 7 13 ;23

i=1

a=a Vv

wheref is a weighting measure of environmental damage to social welfare with
B> 0; a higherf value implies that the home country government places more
emphasis on the environmental qualities of imported goods. Differentiating
Equation (23) with respect tand rearranging Equation (19), we obtain the first-
order condition of the home country’s welfare maximization:

G .= dG(a’, .., d\t)

ot a=2a v
_ Lhgnd, , [ngendl | ADGRE) _ o o
(-) (-) ()

where the three parentheses on the right hand side of the second equality represent
the effects of the tariff rate change on consumer surplus, tariff revenue, and
environmental qualities, respectively. The first item is negative, which implies that
raising the tariff rate adversely affects the consumer surplus. The third item is
positive, which implies that raising the tariff rate promotes environmental
qualities. The effect of change in the tariff rate on tariff revenue, meanwhile, is
indeterminate and depends on the magnitude of the tariff rate and on the number
of foreign firms. We assume the second-order conditions to hold, that is,

12Brander and Spencer (1984) show that when the home country government is facing a foreign
monopoly, the optimal tariff rate ! = q(P'q,—1)/qg, . Thus, when the market demand function is
sufficiently “convex”, thenP'q,—1> 0 , making the optimal tariff negative.
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The optimal tariff rate can be solved with Equation (24).

Proposition 4 When the home country takes environmental damage into account, the optimal tariff
rate is

N i~
. AePjo - 15+ AD'de(d
t= i >0.
G

(Proof) Since we assume the linear demand functional forms, then by Equation (20) we have
Pigy—1 =[P} + (n—1)PL;]/[2P; + (n—1)P_;] <0. Hence, proving this proposition by Equations
(20) and (24) is a simple matter.
Proposition 4 can be compared to Brander and Spencer (f982ording to
the above analysis, we know that the sign of the optimal tariff rate depends on the
sign of [q(P|q,—1) + BDqie(3)] , whereBD'qgie(2) <0 . The determination of
the optimal tariff rate, therefore, depends on the sig(rli’kuft -1) and the relative
magnitudes of(P:qit—l) aanD'qite(é) <0 . Therefore, if the market demand
function is not linear in output quantity, thefg, —1 < 0 may not hold and we can
achieve results similar to those of Brander and Spencer (1984). If the market
demand function is sufficiently convex, i.e.,FJi:fqit —-1<0 , then the optimal tariff
rate may turn negative (i.e., the home country subsidizes the imported goods).
However, comparing our results to Brander and Spencer (1984), it is clealthat
is very unlikely to hold in this study, especially when the home country govern-
ment heavily emphasizes environmental qualities (whenlarge), or when the
marginal damage of pollution is large (whBh is large). This is because in this
study, the home country government also takes environmental damage into
account. Therefore, the decision on the optimal tariff rate has to balance concerns
of the effects of the tariff on raising the consumer surplus and tariff revenue and
on reducing pollutiorfe(a)q) . Thus, itis less likely that the optimal tariff rate will
be negative when the government is concerned about environmental damage.
As already mentioned, the optimal tariff rate is a function of the environmental
qualities and the number of foreign firms. By assumingi{at= 0 , We come up
with the following proposition.
Proposition 5 In the short run, the effect of improving environmental qualities on the optimal tariff
rate is indeterminate and depends on the signE:gf Pé.ri}g and the relative magnitudes of
P'al, ¢, B, D', and|e'| . The home country government should impose a lower tariff rate on high envi-

ronmental quality imported goods,l-'l’ﬁa, PLia> 0 and get Iargé?'aif gets smaller,0orf D’
and |e'| get larger. Otherwise, the home country government should impose a higher tariff rate on
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high environmental quality imported goods.
Proof From Mathematical Appendix D, it can be shown that
dr® _ _ 1

d - i
a 2-Piq;

{(1-P/'q)(PL—c)+ pD'e ~[P,'qlP,L + (N—1)P_ ]} . (25)

Thus, (dv/ da)|s< 0 is more likely to hold iIP:a anlai~ia >0 andget Iargel?j} gets smaller, or
if ¢', 3, D" and|e'| get larger. Otherwisédt/ da)|s> 0 is more likely to hald.

The economic intuitions of Proposition 5 are as follows: When the foreign firms
promote the environmental qualities of their products, there are four effects on the
home country’s welfare level: First, it directly increases consumer utilities
(PL1 > 0). Second, it increases the marginal production cost of the foreign exporters
(¢’ >0) and thus increases the price of imported goods. The first effect increases
the consumer surplus but the second effect decreases the consumer surplus. As a
result, WhenPL1 is small or wheh s large, if the foreign firms increase the
environmental qualities of imported goods, then the home country government
should lower the tariff rate to compensate for the loss in the consumer surplus.
Third, it affects the rate of decrease of consumers’ marginal utiliﬂigs ( and
Pﬂia). Therefore, WhenP:a ancﬂ’i~ia >0, it implies that the improvement in
environmental qualities slows down the rate of decrease of the marginal utilities
and helps raise the consumer surplus. Therefore, \Hhen Pi;;)and >0 and get
larger, if the environmental qualities increase, the home country government has
an incentive to reduce the tariff rate in order to increase imports and thereby
increase the consumer and social surpluses. And fourth, it reduces pollution
(e' <0) and environmental damage. Thus|eis gets larger, pollution decreases,
and the home government has less of an incentive to reduce pollution by imposing
a tariff. As a result, the optimal tariff rate decreases. Similarlip'as gets larger,
environmental damage increases./Agets larger, the home country government
emphasizes environmental qualities more heavily. Therefor®'as S gets
larger, the improvement in environmental qualities can more effectively reduce the
negative impact of environmental damage on the welfare level. Hen@, as | | or
B gets larger, pollution increases, and the home government has more of an
incentive to reduce pollution by imposing a tariff. As a result, the optimal tariff
rate increases.

BTraditional trade theory holds that when the market is close to perfect competition, imposing a tariff will
make the level of social welfare go down.
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Lemma 3 When the number of foreign exporters increases, the optimal tariff rate of the home coun-
try increases. Otherwise, the optimal tariff rate decreases.

(Proof) From the Mathematical Appendix D, it can be shown that
i~
di . ZP_Pq>o (26)
—FiG

O

The economic intuitions of Lemma 3 are as follows. When the number of
foreign exporters increases, on one hand it increases the optimal tariff rate, which
hurts the consumer surplti«hile on the other hand, it increases pollution and
thus increases the optimal tariff rate, which in turn reduces environmental damage
by reducing imports. Let us further consider the tariff revenue. Although a rise in
the tariff rate decreases imports, under the assumption of linear market demand
functions (i.e., that an increase in the tariff rate will not reduce imports too
drastically), tariff revenue may still increase as the number of foreign firms
increases. As the number of foreign exporters increases, the benefits of raising the
tariff rate outweigh the associated losses, and hence the optimal tariff rate
increases with the number of foreign exporters.

B. Long Run Effects

In this subsection, we analyze the long run effect of environmental qualities on
the optimal tariff rate and compare the short and long run effects. In addition to
profit maximization, the long run equilibrium conditions also contain normal
profit conditions, that is,

'@, .. an,_,,=0i=1.,n (27)

Solving Equations (24) and (27), we obtain the long run equilibrium number of
foreign firms n and the tariff ratg . Substituting these equilibrium outcomes
into Equation (19), we get the long run equilibrium individual firm's outgut
Through the above analysis, we obtain Lemma 4.

Lemma 4 In the long run, the effect of improving environmental qualities on the number of foreign
firms is indeterminate. It is more likely that the number of foreign firms will increase with an improve-
ment in environmental qualities, ﬁ?!a> 0 and gets IargeF{Ljf Band|e| getlarger, orit’ gets

smaller. Otherwise, it is more likely that the number of foreign firms will decrease with an improve-

ment in environmental qualities.

(Proof) According to Mathematical Appendix E, we have



Tariff Policy and Environmental Qualities of Imported Goods 331

| = . .
dof —'—qt[z(P;—c')—zﬂD'e' + qp:a} (28)
da i il
P_i q (2 + Pqt)
Therefore we can show that it is more likely thdn/ da)| >0 will holﬂgb 0 and increases, if
Pio. B andle’| increase, or i’ decreases. Otherwise, it is more I|kel>(ahatda)| <0 will
hold. []

The economic intuitions of Lemma 4 are as follows. The long run effect of
improving environmental qualities on the number of foreign firms depends on how
the improvement affects firm profits. If improving environmental qualities
increases profits, then the number of foreign firms will increase due to the entry of
more firms into the market. Otherwise, the number of foreign firms will decrease.
The effect of improving environmental quality on firmi's profit can be
decomposed into two effects. The first effect is the direct effect. The direct effect
raises the market pric®(>0 ) and increases marginal production coss ( ).
The second effect is the indirect effect. The indirect effect changes the tariff rate
((dt/da)|®) and thus affects firm profits. Proposition 5 it shows that it is more
likely that improving environmental qualities will reduce the optimal tariff rate
and increase firm profits, ., P,. >0 and get largergiD’ aed get larger,
or if ¢' gets lower. In sum, it is more likely that improving environmental qualities
increases the long run number of foreign firmsPif Pj, > 0 and get larger, if
B, D' and|e'| get larger, or i’ gets lower. According to the above analysis, we
may state the following proposition.

Proposition 6 The long run effect of improving environmental qualities on the optimal tariff rate

depends on the signs H:a aﬁ!iia and the relative magnitudéé of B, D’ le’and . The
direction of the long run effect is similar to that of the short run effect.

(Proof) By Mathematical Appendix E, we obtain

[
dt [
ia : I[(1+Pqt)(P —c')+pD'e - §Pj,
2+PqD
g0~ i O
[ |:|n - 1%3~|j| ja— |:|n - 1%4&1% (29)
Therefore, we can show th(atllt/da)|I <0 is more likely to hola’:g, Pl_ia> 0 and get larger,

if P; gets smaller, or it’, 3, D' ande’| get larger. Otherwiggt/ da)| >0 is more likely to
hold. [
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We now apply the Le-Chatelier Principle to illustrate the short and long run
effects of improving the environmental qualities of imported goods on the
optimal tariff rate. Using Equations (25), (26) and (28), we can rewrite Equation
(29) as

dt|! _ 1 .
—] — 1+ Plg))(Py—c') + pD'e -
da 2 P|qt
i~
P_qu
| PlaiPl+ i —1%_.] O+ D———-—-D
Pth
O
O i g dt® _d_t’S dn|
0 -P g & ar
idt |:2(p —-c') - 2BD€+qP:||:| da +I:(Ijlgll:lda’
~|Q(2+Pqt) E (_,_)

This equation shows that the long run effect on the optimal tariff rate of improving
environmental qualitieqdt/ da) |I can be decomposed into the direct effect
((dt/da)|*) and the indirect effect, which affects the long run number of foreign
firms (dt/da)|*(dt/ da)|'.

According to Lemma 3, the changes in the number of foreign firms and the
optimal tariff rate go in the same direction. However, the effects of improving
environmental qualities on the tariff rate and on the number of foreign firms may
go in either the same or the opposite direction. Therefore, the long run effect of
improving environmental qualities on the tariff rate is indeterminate.

In the extreme situation when the consumers are not environmentally conscious
at all, i.e., wherP, = 0 , we can derive the following proposition.

Proposition 7 When people are not environmentally conscious, that is, When 0,

(1) Whether in the short run or the long run, the home country government should impose a low (high)
tariff on high (low) environmental quality imported goods.

(2) Whenever the environmental quality improvement adst () gets larger, or the abatement technol-
ogy (le'| ), environmental damag®{ ) and the home country government’s emphasis on environ-
mental qualities§) get smaller, then the long run optimal tariff on high (low) environmental quality
imported goods should be lower (higher) than that of the short run optimal tariff.

(Proof) WhenP, = 0, by Equations (25) and (29), we obtain:

[
dt 1 . i e
da| ~ 2_p i[_C(l_P:qlt)+BDe]<0;

idt
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Q= e+l +poel<0;
2+ P,q,
I s i
dt| dt —2Piq o
da| “da| = oidvg . i C TADE).
(2-P,a)(2+ P;qy)

Therefore,(dt/ da)|I < (dt/da) |S< 0 is;more likely to holdd  gets larger, deif D, frgbt
smaller. Otherwise(dt/ da) |S< (dt/ da)| <0 is more likely to hold.

Thus, whether the consumers are environmentally conscious or not and whether
it is in the short run or the long run, the home country government should always
impose a low (high) tariff rate on high (low) environmental quality imported
goods. This is because a green tariff policy has both trade and environmental
effects. Furthermore, even if there are no environmental concerns, a green tariff
policy can still be adopted for trade purposes such as rent shifting, etc. Under the
name of environmental protection, governments are tempted to employ tariffs or
NTBs in order to extract rents and snatch profits from foreign countries.
Environmental tariff policy may hence easily be misused for strategic trade
concern.

V. Conclusion

As an economy develops, people demand higher environmental qualities.
Environmental protection has become an important economic policy target in the
modern political scene. Coordination between trade and environmental policies
has in particular become a crucial issue under the growing importance of free trade
and environmental protection in the global community.

The main purpose of this paper is to discuss the interaction between the tariff
rate and the environmental qualities of imported goods. Our major conclusions are
as follows: First, when the home country government takes environmental damage
into account, the optimal tariff rate is usually positive. Second, the foreign ex-
porters choice of environmental qualities when the home country adjusts the tariff
rate depends on how the improvement in environmental qualities affects the rate of
decrease of consumers’ marginal utilities. If the improvement in environ-mental
gualities slows down (does not change, speeds up) the rate of decrease of
consumers’ marginal utilities, then lowering the tariff rate will make foreign
exporters increase (not change, decrease) the environmental qualities in both the
short run and the long run; the long run environmental qualities are higher than
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(equal to, lower than) those of the short run. Therefore, a green tariff policy may
also turn out to increase environmental damage if the policy is badly designed.
Third, the determination of the optimal tariff rate depends on the degree of
environmental consciousness among consumers and how the improvement in
environmental qualities affects the rate of decrease of consumers’ marginal
utilities, environmental quality improvement costs, the home country govern-
ment’s emphasis on environmental qualities, marginal environmental damage,
marginal pollution abatement, etc. However, whether the consumers are environ-
mentally conscious or not and whether in the short run or the long run, the home
country government should always impose a low (high) tariff rate on high (low)
environmental quality imported goods.

This paper has several deficiencies: First, we assume that there are no domestic
firms. When the home country government imposes the optimal tariff rate, we do
take the profits and pollution of the domestic firms into account. This setup is
perfectly in line with GATTWTO rules, because the domestic government
imposes a tax on foreign products without violating the national treatment
principle GATT Article IIl). However, if the importing country is highly develop-
ed and its domestic firms’ environmental qualities are high, our con-clusions will
still stand, no matter whether we take the domestic firms into account or not. A
more controversial type of green tariff policy is that the home country government
discriminates among domestic and foreign firms according to differences in
environmental qualities of the respective products. Second, here we take into
account only one policy instrument, the tariff. In reality, the home country govern-
ment may also choose other policy instruments, for example, environmental
standards on the imported goods. It will be interesting to think about whether
alternatives will induce foreign firms to invest more in environmental qualities.
Combination of various instruments is also an important trade and environment
issue. Third, this study establishes a one-government model. If we expand the
model into a two-government model, then it is not clear whether the foreign
country government will have the incentive to change the environmental qualities
of its exports. In this case, environmental dumping in which countries export
goods with low environmental qualities may occur. Fourth, if the two governments
can both determine their optimal tariff rate, then the results under mutual favor or
retaliation will be quite different. These interesting issues could be addressed in
future research.
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Mathematical Appendices

(Mathematical Appendix A): The Derivation of g, q., and ¢,
Totally differentiating Equation (2) with respectdd ..., d, ', ... ' ande
obtain:

_n:llZ n;112 n:lln— _dql— __n:llal _7%2&2 _TF “_n:ll 1— _dal_
Tél Téz Tén dq2 _7-F2.',11 _7-F2a2 _7%2 “_rle da’

_nnnl mh, nnnn__dqn ., -, -t -1 dt

- - na l1a’ t L .
where
) i, 1 no_i _
ﬁ-fdzﬁ(q"";(21’a’t):2P:<O;
o(q)
) i, 1 no_i _
T Edznl(q = (]i’ 8.8 - 2P, < 0;
Jq oq
) i, 1 no_i o _
7'll Edznl(q UL E]i’a"t) = P:aq|+P;_Cr;

ia' o.,qio.,a

. I, ... cJ” a,t) _ 0:
1a dqldq |

) 2_j, 1 n o _i
=2 n‘(q,..i.,q,a,t):_ll
Jgq ot

Applying Cramer’srule, we then derive

1 P; P P

1 2P2 P2 . P2
1_1/1 P, 2P; - P
qt - A

1 P, P3; " 2P;]

218 ) ¢ PacPul
Aopi—PL | (&2Pk-P"
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[~(PLq +Pa—c) P, Py Pp]
0 2P? P2 . P2
1 _ 1 0 Py 2P - P}
qal - A
L 0 P, Py 7 2P
1 0 , " pX
= o (P +Pa—c)| 1+ Y — ),
2P -P; k=22P—P
[P1 —(Prg +Pa-c') P;  Pq]
op? 0 P: .. P}
L3R o 268 - P
qal - A
L P1 0 P " 2P
1 0 P’
= ——-———-——-—(P1 q1+P1—C')——:-2—;
Agpt_plt Tt T opZ_p?
where

n

Q=[] (2Pi-PLy) = (2P1 - PL)(2P; - P) (2P,

i=1

(1%, 1, . .| [2P] P .. P3|

ity 1l || P 2PE
A=) . =, ..

_nnnl 7722 nnnn_ _PT Pg ZPE_
Similarly,

1 Q o PLuPh :
R i{l_ ok o T
2P — P, k=Tkzi2P,— Py

-P):
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i 1 Q i i n PX _
A, = 3= - (Piaq +P,—c')| 1+ =1,
T A2pi-Pl ; ) k:;k;:iZPi—PE

i 1 Q T pl

= ST - : —_c' = P20
qal AZP: _PLi(Plaq +P,—cC )2P-] —P]., ] 1L...n j#i

] =l

(Mathematical Appendix B): The Short Run Effects of the Tariff Rate and
the Number of Foreign Firms on Environmental Qualities

According to Equation (10), we know that the environmental qualities are
the same in equilibrium. Therefore, we must haje= Py, P, = P¥, . Thus,
A= (2P —P )" '[2PI+ (n=1)P.], @ = (2P —P")". Substituting Equations
(10) and (11) into Equations (4), (5), (6) and (8), we can rewrite the latter four
equations as

q = (2P —PL)®<0, Vi; (4)
q, = —(Piad+ Pa—c)[2P + (n-2)PL] ®, Vi; (5)
gl = (Pg+ Pi—c)PL®, Vi ,j, j#i; (6)

M} = [Pi(@ (n~1)g, @) ~c7q[1+ (n-1)(PL)"@];
+PL,g°(n—1)(PL) ®=0, Vi; (8)
where®=1/(2P, —P.)[2P + (n—1)P.] >0 . Totally differentiating Equation

(8") with respect ta, n antland rearranging7, = 0 , we obtain the following
comparative static results:

da® _ MMy
at
da® _ M
at

where
M, = qiaf P+ (n—1)PL[1+ (n + 1)(PL) @]}

i (-

My = =22 (Pla=c) + PLg[1+ (- 1(PL) @
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Thus, by the above analysis and by Equation (9), it can be shown that

2

A0 o= >y 0,if P, P.>(=,<)0:

dt

S

dof's =.<) 0.if PL P >(=.<) 0.

dt

(Mathematical Appendix C): The Long Run Effects of the Tariff Rate on
Environmental Qualities and on the Number of Foreign Firms

As in the work in Mathematical Appendix B, we substitute Equations (15) and
(16) into Equations (8) and (14); the latter two equations can then be rewritten as

n = [P.(qQ (n0=1)qd aD) —¢']q 1 + (nO- 1)(Pi~i)2‘p] ;
+PL(gDAn0-1)(P) @ =0, Vi (8")
n' = P'(qt (n0-1)q0 aDgl-c(aD)gT-tq0= 0, Vi. (14

Totally differentiating Equations (8") and (14') with respecaltpnl] taaad
rearranging Equations (4') and (8"), we find:

[ il - Lo

o A oy s Pl gD+ (nO=1)(PL) 0
nb-1

3
|

" = qa{ P+ (NO-1)PL[1+ (nd+ 1)(PL) @]}
I7ii 0;

, Pi_i(qu2 <0

—2P}(2P,-P.,)q0@ < 0.

=
1

Applying Cramer’srule, we obtain the effects of the tariff rate on environmental
qualities and on the number of foreign firms in the long run, which are
. 2P|(2P|-P)®
M + ( i ) M,
PLiqH

da| _ 1
dt
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dn|' _ 2Pi(2Pi-Pl)o

<0.
dt _|q|:|

Thus, by the above analysis and Equation (9), it can be prove@lmadt)|' <0 :
and that ifP,, and®',>(=,<)0 , thefdn/d§|' <(=,>)0

(Mathematical Appendix D): The Short Run Effects of Environmental
Qualities and the Number of Foreign Firms on the Optimal Tariff Rate

Differentiating Equation (24) with respect tpa andand rearranging
G; = 0, we obtain the short run effects of environmental qualities and the number
of foreign firms on the optimal tariff rate:

dtf’ _ Gea
1 da Gy
= —{(1-Pig)(Pa—c') + BD'€' —q[PiqPa + (n— 1)PL,]}
2-Piq,
dtf* _ G
dn Gy
where 2-Piq;

2°G(a", .., a\ 1)
0~,t2

Gy =

a =4 Vi

= ng(2-Piq) <O;

d G(a ,a,t)
otoa

e

a=aVvi
= —nq{ (1 -Piq))(Pa—c') + BD'e’ —q[PiqiP}, + (n—1)P..]}

2°G(a, .., a\t)
oton

th =

ad=avi
= nqitPliE] >0.
Since the demand functions are assumed to be lihed,q;, = [P, + (n—1) PL]
Qt>0 and'’ - Pqt [3P +2(n- 1P~|] Qt>0 Therefore(dt/dn)| >0 always
holds. It is more likely thagdt/ dn)|*<0  will hold |P|a, P..>0 and get larger, if
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Pl gets smaller, ori€’, 3, D' an@'| get larger. Otherw{sk/ dn) °<0 is more
likely to hold.

(Mathematical Appendix E): The Long Run Effects of Environmental
Qualities on the Optimal Tariff Rate and on the Number of Foreign Firms

Substituting p  § anda into Equations (24) and (27), we can rewrite the
latter two equations as:

G = | §(1-Pla)+a(t-pD'e) | = 0; (24)

Me= P54, 5h ~ 194 a0 ~c(@ g—c@g-1 g = 0 Vi. (7)

Letting Equations (24') and (27') be totally differentiated with respegt top
and a , we have

G Gin dt —Gia
I.]iﬁi = Colda
where ttin]l dn -y
~i_gn'(al, .., alt
n, = 20( - ) N = —2qiP! § <0;
a=aVv
i " oon' a', .. a\t i P
I_IaE Z ( i ) = qtq |:2Pi(Pa_ |:|n _1%3~| |aq:|
=1 da ad=ayi

|V2

P i, 1 n
I_I|=o"|'|(a,...,a,t) ~|q <0.

n— on

a=3ayvi
Applying Cramer’srule, we derive the long run effects of environmental qualities
on the tariff rate and on the number of foreign firms:

dtf _ 1, oo
d_a :ﬁ(_Gtann+thna)

__1
2+ Pig,

0 i i ' v S i O~ i i < e i 0
{1+ Pla)(Pa—c) + pO'e ~aai P + B — 107" Pla— § G ~ 10"
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dn| 1 i i
d_a = ﬁ(_Gttnn+Gtant)
Pig; i <ol
= —— [P, —c)-2pD'¢ + qPiaJ;
P a (2+P:qlt)

whereH = G, My — Gy M = na,P., q2(2+ Piq) >0

Therefore, it can be proved that it is more likely (d|t/dn)|I <0 to hold if
Pl. P..>0 and get higher, iP, gets smaller, orcif B, P’ aed get larger.
It is more likely for (dt/dn)|'>0 to hold ifP,>0 and gets larger, #f,
P, B D', andle| get larger, or i€ gets smaller.
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