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Abstract

Shapiro (Quarterly Journal of Economics, 2021) con-
ducts an in-depth empirical analysis to show that dirtier
upstream goods face lower import tariffs than cleaner
downstream goods. Inspired by that paper, we examine
how the welfare maximizing tariffs on the final goods
will differ depending on the dirtiness and the extent
of cross border pollution. We show that countries con-
cerned about controlling pollution but maximizing own
welfare would be encouraged toward relatively unfet-
tered import of dirtier final goods if pollution is mainly
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il generated through domestic production. We discuss the
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arijit. mukherjee@nottingham.ac.uk implications of global welfare maximizing tariff protec-

tion, pollution taxes, and multiple tradable products.
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1 | INTRODUCTION

Shapiro (2021) pointed out in an extensive empirical study that dirtier upstream goods enjoy
lower import tariffs than cleaner downstream goods, where an industry’s dirtiness is defined
by its carbon dioxide (CO,) emissions per dollar of output. The reasoning in that paper goes
as follows. More-upstream industries have greater pollution, and firms may lobby for higher
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tariffs on their own products but lower tariffs on their inputs for reducing their costs of pro-
duction. As a result, the politicians give lower protection to the dirtier upstream industry and
higher protection to the cleaner downstream industry. Shapiro (2021) describes it as trade policy’s
environmental bias.

Inspired by Shapiro (2021), we examine how the welfare maximizing tariffs on the final goods
will differ depending on their varied dirtiness and the extent of cross border pollution.! We show
in an international duopoly that an importing country would impose lower (higher) tariffs on the
dirtier final goods if the cross border pollution is not high (high).

Our reason goes as follows. If the countries choose tariffs to maximize own welfare, whenever
pollution is generated mainly through domestic production, controlling pollution must imply
lower import tariffs on dirtier goods. Lower tariffs on dirtier goods will discourage domestic
production and will encourage foreign production of those goods, thus allowing the importing
country to increase its welfare by shifting pollution from the domestic country to the foreign coun-
try. Hence, if cross border pollution is not high and the countries are choosing tariffs to maximize
own welfare, lower import tariffs on dirtier goods acts like a tax on local productions of dirtier
goods and implicit subsidies on foreign productions of polluting products. However, if either cross
border pollution is high or the countries choose tariffs to maximize world welfare or there is tariff
harmonization, higher import tariffs on the dirtier goods seem to be the optimal policy, since now
the countries want to reduce global polluting activities. Our model clearly shows the mechanisms
by which both sets of policies are quite plausible.

Popular views about climate change rightly call for penalizing production of dirtier goods.
However, the problem is to bring the national interest in line with the global interest. Our analysis
shows that the source of pollution matters in designing optimal trade policies.

Our result for high cross border pollution, suggesting higher tariffs on the dirtier goods, is
in line with the popular views that calls for penalizing production of dirtier goods. This also
shares the sentiment of Shapiro (2021) and is consistent with the policies recently proposed by
the United Kingdom and the European Union, which want to impose tariffs on the high-carbon
goods (steel, cement, fertilizers, aluminum, and electricity) that may create significant cross bor-
der pollution.? As the French finance minister Bruno Le Maire said, “It’s a major step forward in
the fight against climate change” (Euronews, 16 March, 2022). Hence, the proposed policy reform
recognizes the environmental bias as adequate tariffs were not issued on the polluting imports
creating significant cross border pollution.

If the importing countries choose tariffs to maximize their own welfare and the cross border
pollution is low, which may happen for large distance between the trading countries® and for the
pollutants affecting mainly local conditions, tariffs will be lower on dirtier goods, since it reduce
domestic outputs and domestic pollution but increase foreign outputs and foreign pollution. This
is different from the suggestion of Shapiro (2021), which is understandable as this part is talking
about pollutants affecting mainly local conditions. However, it is consistent with Kuik and Ger-
lagh (2003), which showed empirically that import tariff reduction increases the rate of carbon
leakage, suggesting that tariff reduction by a country shifts production and pollution emission
to the country with which it is trading, and energy-intensive products contribute substantially to
the increase in carbon leakage.* Although the national interest in this situation is not in line with
the global interest for reducing pollution, such a policy can be a natural choice for an importing
country that is interested to maximize its own welfare. Cooperative tariff policies of the countries
can solve this problem.

Shapiro (2021), which considers protection to industries across the vertical supply chain, can be
regarded as a path breaking empirical work in the area that hammers the point that more or less
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all countries across the world are lenient toward dirty goods creating CO, emissions. To the best
of our knowledge, there is no companion empirical work analyzing protection to different final
goods industries depending on their dirtiness and the extent of cross border pollution, which is
the topic of our theoretical investigation.’

Our paper refers to different kinds of pollution, and not only CO, emissions. The extent of
cross border pollution may depend on the type of pollution as well as on the distance between
the trading countries. While CO, emission in a country pollutes the country of its trading partner
through cross border pollution, it follows from Fu et al. (2022) that the effect of cross border
pollution reduces as the distance between the production plant and the country of its trading
partner increases. Further, there are many other disamenities of the industrial sites, such as noise,
odor, visual intrusion, perceived health risk to local residents and the effects on existing land
use (Powe & Willis, 1998), which may not create cross border pollution. Our results suggest that
further empirical works with disaggregated data are required to examine the tariff policies on the
final goods with varied dirtiness and cross border pollution.

There is an old theoretical literature examining how tariffs imposed by importing countries
control pollution in a general equilibrium framework (see, e.g. Copeland, 1996; Markusen, 1975).
In contrast to those papers, we focus on imperfectly competitive markets, thus capturing strategic
effects among firms, and emphasize that lower import tariffs on dirtier goods can very well be a
reflection of environmental concern. In this respect, we show the implications of several factors,
such as domestic versus cross border pollution, trade policy harmonization, pollution taxes, and
multiple tradable products.®

Our paper falls in the general area of environment and international trade, investment and
outsourcing. Grossman and Krueger (1993), Copeland and Taylor (1994), and Levinson (2009)
show how international trade affects pollution through scale, composition and technique effects.
Antweiler et al. (2001) and Copeland and Taylor (2003) show that two sources of compara-
tive advantage—capital abundance and pollution policy—work against each other to determine
the pattern of international trade. Managi et al. (2009) measure how international trade varies
with pollutants and between OECD and non-OECD countries. Copeland (2011) deals with the-
ory and measurements regarding environmental impact of international trade. Antweiler (1996),
Frankel and Rose (2005), Fowlie et al. (2016), and Shapiro and Walker (2018) also measure
the effects of international trade or environmental regulation on pollution.” Marjit et al. (2007)
provide a theoretical explanation for providing excessive protection to agriculture, which is a
relatively clean sector. Considering consumption pollution, Lai and Hu (2008) examine trade
agreement between two countries that takes the distortion arising from their non-coordinated
environmental policies into consideration. One may refer to Brunnermeier and Levinson (2004),
Copeland and Taylor (2003, 2004), Levinson (2010), Copeland (2011, 2020), Cherniwchan
et al. (2017), Dechezleprétre and Sato (2017), and Marjit and Yu (2020) for reviews of
this literature.’

The well-known pollution haven hypothesis suggests that stricter environmental regulations
encourage firms to relocate to countries with lenient environmental regulations. However, the evi-
dence is mixed. For example, Copeland and Taylor (2003), List et al. (2003), Cole and Elliott (2005)
found strong evidence in favor of the hypothesis, while Eskeland and Harrison (2003) and Javor-
cik and Wei (2004) found that environmental regulation did not influence the location decision.
McConnell and Schwab (1990), Duffy-Deno (1992), Friedman et al. (1992) and Levinson (1996)
found no significant effect or a positive effect between environmental regulation and investment.
Dean et al. (2009) found mixed evidence. Dijkstra et al. (2011) provide a theoretical explanation for
this phenomenon.’ In contrast to this literature, which is interested to see how pollution shifted
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due to firms’ location choices,'? we show how tariff policies help to shift pollution to the exporting
countries depending on the dirtiness of the product and the extent of cross border pollution.

The remainder of the paper is organized as follows. Section 2 describes the model and shows
the results. Section 3 provides some extensions of the basic model. Section 4 concludes. We
do the analysis with a general demand function for the basic model in the Appendices A, B
and C.

2 | THE MODEL AND THE RESULTS

Assume that there are two countries—domestic and foreign. Assume that there is a firm in each
country—firm D is in the domestic country and firm F is in the foreign country. Both firms face
the same marginal cost of production c.

2.1 | One way trade

We consider in this subsection that firms D and F compete in the domestic country like Cournot
duopolists. Firm F exports its output to the domestic country and pays a per-unit tariff ¢ (gets
subsidy if ¢ is negative).

We consider pollution is a by-product of production. Assume that one unit of output crates
one unit of emission, and the environmental damage in the domestic country due to pollution
is given by a(qq + Aqf)z, where gq and gy are the outputs of firms D and F, 4 € [0, 1] shows the
extent of cross border pollution and a« > 0 shows the intensity of environmental damage. If 1 = 0
(4 = 1), there is no (complete) cross border pollution. As « increases, it increases environmental
damage and suggests a dirtier product.

The quadratic damage function is widely used in the literature (see, e.g. Dijkstra et al., 2011;
Falk & Mendelsohn, 1993; Karp & Zhang, 2006; Tarui & Polasky, 2005; Van der Ploeg & De
Zeeuw, 1992; Weitzman, 2010; Xu et al., 2016, to name a few). The empirical studies also justify
the use of a quadratic damage function. For example, Howard and Sterner (2017) and the papers
therein show a convex relationship between temperature and climate damage. However, we will
also show the implications of a linear damage function.

We consider the following game in this subsection. At stage 1, the domestic country sets a
per-unit tariff. At stage 2, firms D and F determine their outputs simultaneously and the profits
are realized. We solve the game through backward induction.

For the ease of exposition, we consider an inverse linear demand function, P = a — q, where P
is price, q is the total output and a > (¢ + t). We show in Appendix A that our results hold under
a general demand function.

Throughout our analysis, we would focus on those parameter values which create positive
outputs for all firms. This will help to convey our points in the simplest way. As we go on, we
will mention the restrictions on the parameters for positive equilibrium outputs. If no restriction
are mentioned, it will imply that the equilibrium outputs are positive for all feasible parameter
values.

Given the demand and cost functions, firms D and F maximize (a — q —c¢)ggand (a —q—c —
1)qy respectively to determine their outputs, where q = qq + gy. The equilibrium outputs of firms
D and F can be found respectively as ¢, = “_T"“ and q; = 2<% The second-order conditions are
satisfied.
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The domestic government maximizes the following expression to determine the tariff rate:

_ 2 _ _ 2 A _ —c=2 2
Max(a c+t> + 1(2(1 2c t) + t(a c Zt) —a a c+t+/1(a c t) .
t 3 2 3 3 3 3

/

/
g g ~

Domestic environmental damage

~
Profit of firm D Domestic consumer surplus  Domestic tariff revenue

(a—0)(3+2a(—1+A+2

A2 .
1201207 ) The second-order condi-

The equilibrium tariff rate can be found as t* =
tion is satisfied.

First consider the case of no cross border pollution, thatis, A = 0. We get t*|,_, = (@90-20)

9+2a
(>)0 for a > (<)§. Hence, if there is no cross border pollution and the products are sufficiently
dirty, that is, « > %, the equilibrium policy is import subsidy.

Now consider the case of complete cross border pollution, that is, A = 1. We get *|,_; =
% > 0, implying that if there is complete cross border pollution, the equilibrium policy is
import tariff.!!

The following result follows from the above discussion.

Proposition 1. (a)Ifthere isno cross border pollution, thatis, 4 = 0, and the product
is sufficiently dirty, that is, & > % the equilibrium policy is import subsidy.

(b) If there is complete cross border pollution, that is, A = 1, the equilibrium policy
is import tariff regardless of the extent of dirtiness.

Tariff protection in our analysis serves two purposes. On one hand, like standard literature on
international trade in oligopolistic industry, it helps to extract rent from the foreign firm. However,
there is a new effect in our analysis. Tariff helps to affect pollution by affecting outputs.

If there is no cross border pollution, a lower tariff protection helps to reduce domestic pollu-
tion by reducing the output of the domestic firm. Hence, the rent extraction effect encourages the
domestic country to impose import tariff, while the pollution reducing effect encourages it to pro-
vide import subsidy. If the products are sufficiently dirty, the pollution reducing effect dominates
the rent extraction effect and the domestic government provides import subsidy.

If there is complete cross border pollution, the tariff policy also needs to take into account the
damage created by the output of the foreign firm. On the one hand, the motive to reduce domestic
pollution creates the incentive for import subsidy, but on the other hand, the motive to reduce
foreign pollution creates the incentive for import tariff. Since the direct effect of tariff on the
foreign firm’s output, q}‘ = u ,is higher than the indirect effect of tariff on the domestic firm’s
a—c+t*

, a tariff helps to reduce the total output of the firms, which is g* =

output, g, =
A =1, the tarlff rate is t*(4 = 1) = =989 anq the total output is g* = % = 2229 "which

o
reduces with «. Hence, both the rent extraction effect and the foreign pollution reducmg effect
dominate the domestic pollution reducing effect and encourages the domestic country to impose
import tariff in this situation.
6(a—c)(4+A)(—14+21)

We further get 2= = 8@=9@+DEID 1 there js no cross border pollution, we get
oa (9+2a(1-24)2)

2(a—c)—t* If
==

/10

—% < 0, that is, the tariff rate decreases (or the subsidy rate 1ncreases) as the products get
dirtier. On the other hand, if there is complete cross border pollution, we get - fgg;? ,

that is, the tariff rate increases as the products get dirtier.

Since & = S@OGHACIZ) (5 )0for A < (>) the above discussion gives the following result
Ja (9+2a(1-24%)*

immediately.
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Proposition 2. A higher environmental damage increases (decreases) the tariff rate
if the cross border pollution is significant (not significant), that is, 4 > (<)%.

If the products get dirtier, the importing country has a lower incentive to impose import tariff
(or a higher incentive to provide import subsidy) when cross border pollution is negligible, since
it helps to shift pollution from the domestic country to the foreign country by reducing domestic
production and increasing foreign production.

However, if there is significant cross border pollution, the importing country has a higher
incentive to impose import tariff as the products get dirtier, since a higher tariff helps to reduce
the total outputs and therefore, total pollution.

Cross border pollution can be considered as a general interpretation of the possible pollut-
ing impact of the imported dirty goods. Higher environmental cost would call for higher tariffs
if such cross border effect is significant, which is the source of popular perception. If cross bor-
der pollution is insignificant, it is the local production that does the damage and hence less
production locally is better. That leads to lower tariff naturally. As shown above, if the tariff is
exclusively used to maximize domestic welfare, it is better to even provide import subsidy if the
good is sufficiently dirty when the cross border pollution is not significant, since the country will
try to minimize its local production. For the cleaner good, more the merrier and hence, tariff
is higher.

We find the equilibrium domestic and foreign outputs as q; = Hazo@tak(-1+24)

9+2a(1-24)

>0 for A < % Hence, if

and q}“ =
(a—c)(1+a(2—44)) 99y _ 2(a—c)(4+/l)(—1+f/l) <0 and ﬁ _ 4(a—c)(4+/1)(1—22/1)
9+2a(1-24)? oa (9+2a(1-24)) oa (9+2a(1-24)?)
cross border pollution is not significant, as the goods get dirtier, the outputs of the domestic
firm reduce and the outputs of the foreign firm increase due to lower import tariffs, implying
that carbon leakage increases as the goods get dirtier. This explains the result of Kuik and Ger-
lagh (2003), where energy-intensive products contributed substantially to the increase in carbon
leakage following an import tariff reduction.

We considered a single product in this subsection and showed how the tariff rate changed
as the product gets dirtier. We discuss a situation with two goods—one clean and one dirty—in
Section 3.1.

Like many other papers examining the effects of environmental pollution, we considered
a quadratic damage function. However, our results hold even under a linear damage function
a (qd + Aqf). See Appendix B for the calculations.

, With

2.2 | Two way trade

Now we show in this subsection that the results derived in Section 2.1 holds under a two way
trade where the firms compete in both countries.

Assume that the markets are segmented and the demand in each country is symmetric and is
given by P=a — q. We show in Appendix C that our results hold under a general demand function.

The environmental concern in both countries is given by @ and the extent of cross border
pollution is also symmetric and is given by A.

We consider the following game in this subsection. At stage 1, both countries set per-unit tariff
rates simultaneously. At stage 2, firms D and F determine their outputs simultaneously and the
profits are realized. We solve the game through backward induction.

Assume that ¢ is the tariff rate set by the domestic country and s is the tariff rate set by the
foreign country, where negative values of ¢ and s imply subsidies, and a > (c+ ) and a > (c + ).
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Given the demand and cost functions, firms D and F maximize (@ —qq—¢)qgq+
(a—qr—c—s)qeqand (a—gr —c) g+ (@a—qa — ¢ — 1) gu respectively to determine their out-
puts, where qq = qaq + gz and gy = g + q4r. The equilibrium outputs of firms D and F can
. __ a—c+t _ a—c=2s « _ a—c+s _ a—c=2t
be fO}l.nd respectlYely as q;, = - q:‘if =— ‘1}} == and q}kd == The second-order
conditions are satisfied.
The domestic and foreign governments maximize the following expressions to determine the
respective tariff rates:

_ 2 A 2 _ _ 2 o
Max(a c+t> +<a c 23) + 1(2a 2c t) + t(a c Zt)

t 3 3 2 3 3

. J . S/ \\ J/
' '
Profits of firm D Domestic consumer surplus  Domestic tariff revenue
a—c+t a—-c—2s a-c—-2t a-c+s\\>
- a( + ,1( )) 1)
3 3 3 3
. 7
v
Environmental damage in the domestic country
2 2 2
a—c—2t a—c+s 1/2a—-2c—-s a—-c—2s
Max + + - — + S| ———

s 3 3 2 3 3
. 7 . 7 . ~

Vv ' v
Profits of firm F Foreign consumer surplus  Foreign tariff revenue

a—-c—-2t a-c+s a—c+t a—-c—2s\\>
- a( + + A < + )) . 2)
3 3 3 3
- -
vV

Environmental damage in the foreign country

(a—c)(3—4a+4ai+8a4?) The

The symmetric equilibrium tariff rates can be found as t* = s* =
9-2a+2ai+4a?

second-order conditions are satisfied.
If there is no cross border pollution, that is, 4 = 0, we get t*|,_, = % < (>)0 for a >
(<)§.12 Hence, if there is no cross border pollution and the products are sufficiently dirty, that is,

a> %, the equilibrium policy is import subsidy.

Now consider the case of complete cross border pollution, that is, A = 1. We get t*|,_, =
% > 0, implying that if there is complete cross border pollution, the equilibrium policy is
import tariff.

Proposition 3. (a)Ifthere is no cross border pollution, thatis, A = 0, and the product
is sufficiently dirty, that is, « > i, the equilibrium policy is import subsidy.

(b) If there is complete cross border pollution, thatis, A = 1, the equilibrium policy
is import tariff whether or not the product is dirty.

The intuition is similar to that of Proposition 1.

+ —0)(—1+4+242 . .
We further get &£ = % = M. If there is no cross border pollution, we get
oa oa (9+2a(-1+4+24%))
o = % = -39 0, that is, the tariff rate decreases (or the subsidy rate increases)
da | j=0 oda | 1=0 (9-2a)?
as the products get dirtier. On the other hand, if there is complete cross border pollution,
we get x© =% = 8@-9 5 0, that is, the tariff rate increases as the products get
oa | j=1 oa | j=1 (9+4a)?
dirtier. ,
. + 30(a—c)(~1+A+24 . . .
Since &£ = & = LH)Z < (>)0 for 1 < (>)3, the above discussion gives the follow-
da da  (942a(-1+4+212)) 2

ing result immediately.
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Proposition 4. A higher environmental damage increases (decreases) the tariff rate
if the cross border pollution is significant (not significant), that is, 4 > (<)%.

The intuition is similar to that of Proposition 2.

If we have considered a linear damage function, we could get the equilibrium tariffratesas t* =
st = %(a —c+a(-1+424),and t*],_, = §*|,_0 = %(a —c—a) < (>)0fora > (<)@ — ¢).!* Hence,
if there is no cross border pollution and the products are sufficiently dirty, thatis, « > (a — ¢), the
equilibrium policy is import subsidy. If A = 1, we get t*|,_; = §*|,2; = %(a —c+ a) > 0, implying
that if there is complete cross border pollution, the equilibrium policy is import tariff. We further
get % = ‘;ia = %(—1 +24) < (>)0for A < (>)%, implying that the tariff rate decreases (increases)
as the product gets dirtier if there is low (high) cross border pollution. The critical conditions
shown here,suchasa > (a —c)and A < (>)§, are similar to the case of one-way trade, since under
a linear damage function, the tariff rate imposed by the other country does not affect a country’s

first order condition for welfare maximization.

3 | EXTENSIONS
3.1 | The implications of two goods

Although our basic arguments on the relationship between dirtier goods and import tariff can
be found from the above analysis with a single product, we show in this subsection that similar
arguments follow even if there is a dirty good and a clean good. However, we show that in the
presence of two goods, the importing country may provide import subsidy to both goods or to the
dirty good only depending on how dirty the product is.

We consider in this section that there are two goods—one dirty and one clean. These goods are
imperfect substitutes and each of them is produced by one domestic firm and one foreign firm.
Assume that the dirty product is produced by the domestic firm D; and the foreign firm F;, and
the clean product is produced by the domestic firm D, and the foreign firm F,. The products of
D; and F; as well the products of D, and F, are perfect substitutes. Assume that each firm faces
the same marginal cost c.

Assume that the firms compete in the domestic market only. Assume that the inverse
demand functions faced by D; and F; are Pg =a— (qa1+qp1) — 7 (qa2 +qr2) and Py =
a— (qa1 +qs1) — 7 (qa2 + gp2) respectively, and the inverse demand functions faced by D,
and F; are Py, = a — (qa2 + qr2) — v (qa1 + gp1) and Py, = a — (qaz + g2) — v (qa1 + gy1) respec-
tively, where y € [0, 1] shows the degree of product differentiation between the dirty prod-
uct produced by D; and F;, and the clean product produced by D, and F,. These
demand functions are generated from the utility function U =a (qd1 +qr1 +qax + qu) -

% [(le + qf1)2 + (qdz + qu)2 + 2y (Qd1 + qf1) (de + qu)]. The dirty and clean products are iso-
lated if y = 0 and they are perfect substitutes if y = 1. If y = 1, it implies that four firms are
producing a homogeneous product while D; and F; are using dirty technologies, and D, and F,
are using clean technologies.

Assume that the domestic government imposes tariff t on the output of F; and imposes tariff
7 on the output of F,, where negative ¢ and = imply subsidies. We assume that a > (c + ¢) and
a>(c+1).

Given the demand and cost functions, D;, Fi, D,, and F, maximize (Pg —¢)Qqai,
(P —c—1t) gr1, (Paz— ) qaz, and (Pyy —c—7) gy respectively to determine their outputs.
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The equilibrium outputs can be found respectively as g% = ‘“3_2””(zc_;iiy”)_3c+3t, ;=
a(3—2y)+y(2c+2ty+7)—3(c+2t) q* — a(3—2y)+3r+y(20+l—2y1)—3c, and q;2 — a(3—2y)+y(20+t+2yr)—3(c+2r). The

9—4y2 > 1d2 9—4y2
second-order conditions are satisfied.

The government of the domestic country maximizes domestic welfare with respect to t and 7.
Hence, the domestic government maximizes:

9—4y2

Max (U* - Py, — PLdy, — Pody, - P}‘ﬂﬁ) + gty g, + 74,

< J/ N—— N——
v . .
Domestic consumer surplus Total domestic profit  Total domestic tariff revenue
2
* *
- a (qdl + Aq F1 > s
— ——

Environmental damage in the domestic country

2
3-2 2¢—2t, —3c+3t
a( y)+y(2c—2ty+7)—3c+ > and ”;2

where U™ is the utility at the equilibrium outputs, 7} = ( e

a(3—2y)+37+y(2c+t—2y7)—3c 2
9—4y2 :
The equilibrium tariff rates can be found as

. @=o)((-3+7)(=34+2B+2y)+ 201+ D=9+ y(5+2(-2+y)y(-=1+ 1) —101) + 181))
81 — 45y2 + 4y* + 2« (9(1 — 242+ 2y4(—1+ A2 + y2(-7+ (28 — 19/1)/1))

3(1 =242 +2p3(=1 + A)?
=373+ (=2+ D) +r* (2+ 81— 64?)

81 — 45y2 + 4y* + 2a (9(1 — 22 + 24(—=1 + A2 + y2(=7 + (28 = 194)1))

(a=o) ((—3 +7)(=3+2y)3+2y)+ 2a (

The second-order conditions are satisfied.

If there is no cross border pollution, that is, A=0, we get *|,(=
a—¢)(9(=3+7)—4(=3+7)r*+2a(9+y(—5+2(-2 —)(3—
A O (0 for o> S =
(@=0)(3-1)3=2r)(3+2y)+2a(3-9y+2r*+2r%)) )EDC2G+2) —
81-45y2+4y*+2a(9-7y+2r*) 2y(9-2y(1+y))—6

We find 7*|,_o — t*|,0 = 9(9‘521;)0—)?;;:315;;&_112»4 > 0, implying that if there is no cross border
pollution, the domestic government imposes higher tariff rate on the clean product than on the
dirty product. Further, since a* < o™, the domestic government provides import subsidy to both
goods if the dirty good is very dirty (i.e. a** < @), provides import subsidy to the dirty good but
imposes import tariff on the clean good if the dirty good is moderately dirty (i.e. a* < a < a**), and
imposes import tariff on both goods if the dirty good is not very dirty (i.e. « < a*). The domestic
government behaves in this way since it prefers the dirty product to be produced in the foreign
country, and it can make the domestic dirty good producer less competitive by providing import
subsidy to the foreign dirty good producer and if required, by providing import subsidy also to
the foreign clean good producer. If the dirty product is not very dirty, it imposes import tariff to
extract rents from the foreign firms.

Itis worth noting that v*|,_, = (“_;1)1%6“) is always positive if the products are isolated, that is,
if y = 0. If the products are isolated, import subsidy on the clean product does not help to reduce
the output of the domestic firm producing the dirty product. Hence, there is no incentive to give

subsidy to the clean product when y = 0.

a*, and 7|, =

< (>)0fora > (<
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Now consider the case of complete cross border pollution, that is, A = 1. We get t*|,_; =

(a—)(da(9=57)+(B=7)(3=2y)(3+27)) _ (a=9(B=n(3-27)B3+2r)+2a(3—67+47%))

> 0and |, = > 0.1
9(9+2a)+(—45+4a)y2+4y* | =1 81-45y2+4y*+2a(9+2y2)

We find 7%|,_, — t*|,;, = 9(1?2_:));15:4?:3«)}5)5;2# < 0. Hence, if there is complete cross border
pollution, the domestic government imposes import tariff on both products and it imposes higher
tariff on the dirty product than on the clean product. The domestic government behaves in this
way since it wants to extract rents from both products but also wants to reduce the total output
of the dirty product. Hence, it imposes import tariff on both products due to the rent extraction
motive but it imposes higher tariff on the dirty product since it wants to reduce the total output
of the dirty product.

We summarize the above discussion in the following proposition.

Proposition 5. (a) If there is no cross border pollution, the domestic government
provides import subsidy to both goods if the dirty good is very dirty, provides import
subsidy to the dirty good but imposes import tariff on the clean good if the dirty good
is moderately dirty, and imposes import tariff on both goods if the dirty good is not
very dirty. The tariff rate is higher on the clean product than on the dirty product.

(b) If there is complete cross border pollution, the domestic government imposes
import tariff on both products and it imposes higher tariff on the dirty product than
on the clean product.

The above result focuses on two extreme situations of no cross border pollution and complete
cross border pollution. Now we want to use some examples to show how ¢* and 7* change with
respect to different degrees of cross border pollution. Figure 1 plots (a’j and (QTTC) for @ = 0.25,

A €[0,1],and y = 0.9 (Figure 1a), y = 0.5 (Figure 1b), y = 0.1 (Figure 1c). Figure 2 plots (;TC) and

*

—— for « = 0.4, A € [0,1], and y = 0.4(Figure 2a), y = 0.3 (Figure 2b), y = 0.1 (Figure 2c). All

(a—c)
figures show that t* < (>)z* for lower (higher) values of 4.

3.2 | The implications of environmental taxes

To show the effects of environmental pollution on optimal tariff, we assumed away endogenous
environmental taxation to eliminate further strategic effects of taxation. Endogenous environ-
mental taxes not only help to tackle environmental pollution, they also help to reduce the
product market distortion due to imperfect competition and rent extraction from the foreign
firm. While the pollution reducing role helps to create the environmental taxes positive, the out-
put market distortion reducing effect and the rent extraction effect tend to make them negative
(implying subsidies). Although we ignored endogenous environmental taxes, our model can cap-
ture the existence of exogenously given environmental tax by redefining the marginal costs as
environmental tax inclusive marginal cost.

Now we consider a single product and one way trade like Section 2.1 to show the implica-
tions of endogenous environmental tax in determining the relationship between environmental
damage and tariff.!>

Assume that the linear demand function is P = a — g, with a > (c+ t + r) and a > (c+w), where
w and r are the environmental taxes (subsidies, if negative) imposed by the domestic and foreign
countries on firm D and firm F respectively.

Given the demand and cost functions, firms D and F maximize (a — q — c — w)qy and (a —
q — ¢ — t —r)gy respectively to determine their outputs. The equilibrium outputs of firms D and
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FIGURE 1 (a)The effects of A on t* and =* for « = 0.25, A € [0, 1], and y = 0.9. (b) The effects of 4 on t* and
* for a = 0.25, 1 € [0, 1], and y = 0.5. (c) The effects of A on t* and z* for « = 0.25, 1 € [0,1],and y = 0.1.
[Colour figure can be viewed at wileyonlinelibrary.com]
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FIGURE 2 (a)The effects of A on t* and =* for « = 0.4, A € [0, 1], and y = 0.4. (b) The effects of A on t* and
t* fora = 0.4, 1 € [0,1], and y = 0.3. (c) The effects of A on t* and z* for « = 0.4, A € [0, 1], and y = 0.1. [Colour
figure can be viewed at wileyonlinelibrary.com]
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F can be found respectively as g, = w and q}" = w The second-order conditions

are satisfied.
The domestic and foreign countries maximize the following expressions to determine the tariff
rate and the environmental taxes:

_ _ 2 _ ot 2
Max(a c+r+t 2w> +1<2a 2c—r—t w>
tw 3 2 3

o ~ > . ~ /
Profits of firm D Domestic consumer surplus
+t<a—c—2r—2t+w>+W<a—c+r+t—2w)
3 3
. ~ /

Domestic tariff and tax revenue
a—c+r+t—2w a—c—2r—2t+w\)\?
-« 3 + A 3

A S/

~-
Environmental damage in the domestic country

— — — 2 — — —
Max(a c—2r 2t+w> +r<a c—2r 2t+w>
r 3 3
~ J/ . ~ J
Profits of firm F Foreign tax revenue
a—c—2r—2t+w a—c+r+t—2w\)\?
-« + 4 .
3 3
. v

-
Environmental damage in the foreign country
The equilibrium tariff and the environmental taxes can be found as

. 2(@—0a+ (=1 4+ DA + 2a(=2 + H(A + 4)))
T 34 2a(7 + 2a(=2 + A)(=1 + AL+ A) + A(=7 + 34))

£

_(@=0(=3+2a(1 + (B =204+ 2a(=2+ (=1 + DL + )
B 34 2a(7 4 2a(=2 + (=1 + (1 + A) + A(=7 + 34))

*_

2(a—0)a (14 2a(=2+ (=1 + A1 + 1) + A(=5+24))
T34 2a(7 4+ 2a(=2 + (=1 + (A + A) + A=7 + 31))

The second-order conditions are satisfied.

If A =0, we get t*], ¢ = %, W20 = EEETEFTvE— and r*|,_, = —%. The
environmental taxes help to tackle environmental pollution, product market distortion due to
imperfect competition and rent extraction from the foreign firm. While the first aspect tends to
make the environmental taxes positive, the second and third aspects tend to make them neg-
ative. Hence, if the environmental damage is low, that is, a is low, we get w* < 0 and r* <0
negative. Hence, to make the environmental issues significant, it may worth considering higher
values of a.

We find that if the governments have other instruments like environmental taxes to control
pollution along with import tariff, the rent extraction motive of import tariff becomes the impor-
tant factor and the domestic government imposes import tariff even if there is no cross border
pollution. However, as shown below, if the products are sufficiently dirty, the import tariff reduces
as the products get dirtier, since the government wants to reduce pollution also by reducing the
competitiveness of the domestic firm.

_ (a=0)(=3+2a(1+4a))
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* 4(a—c)(-3+8a? . . .
We get Wiy . _Mazo(=3+ az) <0 for a > \/E Hence, if the environmental problem is not
oa (3+14a+8a?) 8

insignificant, a higher environmental damage decreases the tariff rate in the absence of a cross
border pollution.

Now consider the case of maximum cross border pollution that provides positive outputs for
all firms. Here the requirement for positive output is 4 < (2 — \/5). The use of both tariff and
environmental tax made it more difficult for the foreign firm to compete in the market, which is
reflected in the upper limit on A, which is less than complete cross border pollution, given that

the firms produce homogeneous products.
N _ 2a—)a(—6+3y/2-52a+361/2a) . _ (@=0)(=1+20) . _
We get 1*],_, VD= T arzecncsesyae w¥| =D = irm and r¥| =y =
—Oa(— _ atr|,_ _ _ . .
_ 2a-0a(-3+3V2-360426V20) e 4150 get —=evd — 2@ \/E)(‘j 9 > 0. Hence, a higher environmental
(142a)(=3+2(-8+5V/2)a) da (1+2a)

damage increases the tariff rate if there is significant cross border pollution.
We summarize the above discussion in the following proposition.

Proposition 6. If we consider environmental taxes along with import tariff, import
tariff can be positive even under no cross border pollution. If the environmental dam-
age is significant, that is, a is high, a higher environmental damage decreases the tariff
rate under no cross border pollution. If the environmental damage is either insignifi-
cant, that is, « is small, or cross border pollution is significant, a higher environmental
damage increases the tariff rate.

3.3 | World welfare maximizing tariff

We have considered so far that the countries determine tariff rates to maximize their own welfare.
We will now consider situations similar to Sections 2.1 and 2.2 to show the implications of world
welfare maximizing tariff.

3.3.1 | One way trade

We consider in this subsection a situation of one way trade like Section 2.1. However, we con-
sider here that the domestic country determines the tariff to maximize world welfare, that is, the
total welfare of the domestic and foreign countries. Hence, the domestic country maximizes the
following expression to determine the tariff:

_ 2 9m_ $\2 A _ —c—20\?
Max(a c+t) N 1(2a 2c t) N t(a c Zt) _a<a ctt Ma—c t))

t 3 2 3 3 3 3
. ~ 7 . ~ 7 . ~ 7 k ~ Y]
Profit of firm D Domestic consumer surplus  Domestic tariff revenue Domestic environmental damage
2
a—c—2t\? (@a—c—=2t) Ma—c+1?)
+ | —— - + .
3 3 3
;__\/___/ g _
~

Profit of firm F Foreign environmental damage

e . —0)(=1+2a(1+2)? .o
The equilibrium tariff rate can be found as ¢* = M The second-order condition
14+2a(5+A(=8+52))

is satisfied.
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IfA=0,weget t*|,_( = ("_ﬁ%za) < (>)0fora < (>)%. This is different from the result shown

in Section 2.1, where the domestic country provides import subsidy if there is no cross border
pollution and the products are sufficiently dirty. In contrast, here the domestic country provides
import subsidy if the product is sufficiently clean when there is no cross border pollution.

In Section 2.1, import subsidy of the domestic country increases the foreign firm’s output,
thus shifting pollution from the domestic country to the foreign country. However, if the domes-
tic country determines tariff to maximize world welfare, the domestic country internalizes the
negative effect of its import subsidy on the foreign country’s welfare, which induces it to impose
import tariff if the products are not sufficiently clean. If the products are sufficiently clean, the
environmental concern is negligible and here the tariff is determined to reduce the oligopolistic
distortion in the product-market, which creates the incentive for an import subsidy.

Now consider the case of complete cross border pollution, that is, A = 1. We get t*|,_; =
% < (>)0fora < (>)%.16 This is also different from the result shown in Section 2.1, where
the domestic country always imposes import tariff if there is complete cross border pollution. In
contrast, here the domestic country provides import subsidy if the product is sufficiently clean
when there is complete cross border pollution. This happens since here the domestic tariff max-
imizes world welfare, and reducing oligopolistic distortion in the product-market is the main
motive when the products are very clean.

We further get % = %
domestic tariff increases. This is also in contrast to the result in Section 2.1. The reason follows
from the above argument. Since domestic import subsidy creates a negative effect on foreign
welfare by shifting pollution from the domestic country to the foreign country, the domestic coun-
try internalizes this adverse effect of its tariff policy when determining tariff to maximize world
welfare. Hence, as the products get dirtier, it increases the incentive for reducing pollution by
imposing a higher tariff.

Like Section 2.1 we considered a quadratic damage function here. We will now show that the
qualitative results of this subsection holds under a linear damage function. To avoid repetition, we
will skip the mathematical details. It can be checked that the equilibrium tariff rate under a linear
damage function a (qq + Agy) will be t* = —(a — ¢) + 3a(1 + 4). If 1 =0, we get * = —(a —¢) +
3a > (<)0fora > (<)(“—;C>.17 IfA=1,wegett* = —(a —c) + 6a > (<)0 for a > (<)@.18 Further,

weget%=3(1+/1)>0.

> 0, suggesting that as the products get dirtier, the

3.3.2 | Two way trade

Now we consider a situation of two way trade like Section 2.2. However, we consider here
that the countries determine the tariff rates to maximize world welfare, thus considering tar-
iff harmonization. Hence, the tariff rates ¢t and s are determined to maximize the following
expression:

Max wP + wF,
WS

where WP (welfare of the domestic country) and W (welfare of the foreign country) are shown
in (1) and (2) respectively.

The equilibrium tariff rates can be found as t* =s* = W. The second-order
conditions are satisfied.
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_ _ (a—o)(~1+4a) 119 - __ (a—0)(~1+16a)
We get t*|/1:0 = S*|/1:0 = T < (>)20 for a < (>)Z’ t |A:1 =S |/l=1 T —
(>)0fora < (>)~,Pand &£ = & = S@OW - o These results are qualitatively similar to the
16 oa oa (1+2a(1+4)%)

results shown in the previous Section 3.3.1 and the reasons for these results are similar to the
reasons discussed there.
The following proposition summarizes the findings of Section 3.3.

Proposition 7. If the tariffs are determined to maximize global welfare, the import-
ing country imposes import tariff (provides import subsidy) if the goods are not
sufficiently clean (sufficiently clean), and the import tariff increases (or the import
subsidy decreases) as the goods get dirtier.

If we have considered a linear damage function the tariff rates will be t* =s* = —(a —¢) +
3a(l+4). If A =0, we get t* = s* = —(a — ¢) + 3a > (<)0 for @ > (<)@.21 If 1=1, wegett* =
s* = —(a—c¢) + 6a > (<)0 for a > (<)%.22 Further, we get % =3(1+ 4) > 0. If the damage
function is linear, like the non-cooperative tariff setting, the results under one-way trade and
two-way trade are the same under world welfare maximizing tariff, since under a linear dam-
age function, the tariff rate imposed by the other country does not affect a country’s first order
condition for welfare maximization.

4 | CONCLUSION

In a recent paper Shapiro (2021) provides an in depth analysis of trade policies and CO, emission
in a large cross section of countries and finds in a vertical structure that dirtier goods face lower
import tariffs than cleaner goods. We use this result as the backdrop to theorize optimal tariff pol-
icy in the presence of pollution. We show that countries concerned about controlling pollution
but maximizing own welfare might be encouraged toward relatively unfettered import of dirt-
ier goods as long as pollution is mainly generated from domestic production and not from cross
border pollution. Thus, we argue that although taxing dirtier goods may be a popular rhetoric, lib-
eral import of dirtier goods might be the rationale choice of individual countries trying to reduce
the effects of pollution in their own countries. We also derive the implications of global welfare
maximizing tariff protection, pollution taxes and multiple tradable products.

Since countries are geographically far apart, cross border pollution may not affect each coun-
try in the same way. If pollution is caused mainly through domestic production, as we showed,
countries maximizing own welfare will like to discard production at home and would not desire
to protect domestic dirty goods industry. So, there is a case for lower tariffs on dirtier goods as the
optimal policy even if there are no effects through vertical relationships.
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ENDNOTES

! In general, there could be production and consumption pollution. However, like Shapiro (2021), our paper is
focusing on pollution from production.

2 Asreported in Guardian (April 4, 2022: https://www.theguardian.com/environment/2022/apr/04/high-carbon-
goods-imported-to-uk-should-be-subject-to-new-tariffs-say-mps), “High-carbon goods imported into the UK
should be subject to new tariffs, to help ensure other countries are fulfilling their obligations to reach net
zero greenhouse gas emissions as well as the UK...” Reuters (March 16, 2022: https://www.reuters.com/
world/europe/eu-countries-back-plan-world-first-carbon-border-tariff-2022-03-15/) and Euronews (March
16, 2022: https://www.euronews.com/green/2022/03/16/eu-s-proposed-co2-emissions-tariff-is-a-major-step-
forward-in-the-fight-against-climate-ch) reported that European Union countries backed the bloc’s plan to
impose a world-first carbon dioxide emissions tariff on imports of polluting goods.

3 Fu et al. (2022) examine the trans-city drifts of PM;, pollutant. They found that the transboundary pollution
spillover is roughly 35.5% of the local effect at 50 km, falling to 6.2% at 550 km, and zero at 1000 km and beyond.

4 The scale of import tariff reduction that is responsible for carbon leakage for a given nature of activities and
technologies is discussed in earlier papers also (see, e.g. Grossman & Krueger, 1993).

5 There is a literature analyzing how trade liberalization or trade agreements affect pollution (see, e.g. Cherni-
wchan, 2017; Tian et al., 2022). However, to the best of our knowledge, there is no paper examining how
countries impose tariffs on final goods depending on their dirtiness.

6 In a competitive model, Krutilla (1991) derives environmental taxes in an open economy and shows how a com-
bination of environmental tax and tariff can improve the situation. In contrast, our focus is on the trade policy.
Unlike us, that paper did not look at the strategic effects of the final goods producers, cross border pollution,
policies when both clean and dirty products are being traded, and trade policy harmonization.

7 Earlier papers by Markusen (1975) and Kennedy (1994) show the theoretical effects of environmental tax to
control pollution.

8 One may also look at Environment and trade—A handbook, United Nations (2005), and the edited book by
Huang and Yu (2020) for more work in this area.

% Cole et al. (2006) measured the effects of foreign direct investment on environmental policy.

10 There is another set of papers showing the effects of environmental regulation on outsourcing (see, e.g.
Antonietti et al., 2017; Cole et al., 2014; Iida & Mukherjee, 2020; Lyu, 2016; Michel, 2013).

1 Here the requirement for positive outputs is a < %

12 Here the requirement for positive outputs is a < 2.

13 Here the requirement for positive outputs is a < 4(a — c¢).

—9+9y—2y2

2(=9+5y)

15 Export subsidy is another potential policy variable for the foreign country. Since the purposes of both export
subsidy and environmental tax imposed by the foreign country are to directly influence the foreign firm’s out-
put, which, in turn, affects the output of the domestic firm through strategic interaction, it is not required to
consider both the environmental tax and export subsidy separately. If one considers a per-unit environmental
tax and a per-unit export subsidy, the combined values of these tax and subsidy would be equal to r* shown
below.

16 Here the requirement for positive outputs is a < i.

(a=o)
-
(a—¢)
e

14 Here the restriction for positive outputs requires a <

17 Here the requirement for positive outputs is @ <
18 Here the requirement for positive outputs is ¢ <

19 Here the requirement for positive outputs is a <

00 | =10 | =

20 Here the requirement for positive outputs is @ <

—

21 Here the requirement for positive outputs is @ < %o
(a—0)
4

23 Here the requirement for positive outputs is a < 4(a — ¢).

22 Here the requirement for positive outputs is a <
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APPENDIX A

ONE WAY TRADE CONSIDERED IN SECTION 2.1: GENERAL DEMAND
We show here that the results derived in Section 2.1 holds under a general demand function. We
consider the quadratic damage function.

We assume that the demand function is P = P(q), where P is price and q is the total output.
We consider P/ < 0,P” <0and P’ + gP” < 0.

Firms D and F maximize the following expressions to determine their outputs:

Max (P(q) = ©)qa. (A1)

Max (P(g) — ¢ = gy, (A2)

where the tariff rate imposed by the domestic country is denoted by ¢.
The equilibrium outputs are given by the following two first order conditions:

P+qeP —c=0, (A3)
P+qP —c—t=0. (A4)

The second-order conditions are satisfied, and it follows from Schlee (1993) that the condition
P’ + gqP” < 0 ensures that there is a unique solution for equilibrium outputs.
Differentiating (A3) and (A4) with respect to ¢ and solving them, we get ¢/, =

y _ 2P'+quP” 9y

U = BGprgpn < ot

The domestic country determines the tariff rate to maximize domestic welfare. Hence, the
domestic country maximizes the following expression to determine the tariff rate:

P'+q,P"
P'(3P'+qP") ’

9qy

’ _ 1 r_ r_ r_ 99
O,q—W<O,Whereqd—E,qf— andq—a.

9
Max < / P(g)dq - P(q(t))q(t)) + (Pq(0) — ga(D) + 1g;(0) — a(ga(D) + Ags(D) " (AS5)
0

The equilibrium tariff is given by

—-qP'q' + q4P'q’ + (P —0)q, + tq} +qr — 2a (qa + Aqy) (q& + iq}) =0 (A6)
or

—qrP'q + (P — g + tq; + 4 — 2a (qa + Aqy) (qif " Aq}> =0

85U SUOWILOD dAITEaID a|ceat|dde a3 Ag pausenob ae sajole YO ‘9sh JO sajnt 10y Akeiqi]auljuQ A3]1M UO (SUO L IPUOI-pUR-SWLIBY WD AB| 1M Aleq U Uo//:SAny) SUOIPUOD pue SWd | 8Y388S *[£202/S0/60] U0 ARiqiauliuo A31IM ‘591 Ad 2992T @104/TTTT OT/IOp/Wod A3 1M Are.q 1 pul|uo//:sdny wouy papeojumod ‘0 ‘965697 T


https://doi.org/10.1111/roie.12662
https://doi.org/10.1111/roie.12662
https://doi.org/10.1111/roie.12662

MARJIT AND MUKHERJEE 2n
WILEY-
or
—-q (1-P¢q)-(P- g, + 2a (qa + Agy) (q"j + Aq})
t= - , (A7)
9y
2P g

where 1 — P'q’ = > 0. The second-order condition is assumed to hold.

3P/ 4qP"

. —q;(1-P'q')—(P-c)q’,+2 ! (1-P'd')+(P-c)g’
We get from (A7) thatif A = 0, t| = = 4 (1-Pe) P00 +2000dy () g o » TP %% and

g 29ady
. —q;,(1-P'¢")~(P-0)q, +2aqq’ . .
ifA=1,t,-1 = 94 (1-P'q) q(, 9, +204d > 0 and t|,-; increases with a.
f
Hence, like Proposition 1, we get that if there is no cross border pollution, thatis, A = 0, and the
'q)+(P-)q)

product is sufficiently dirty, that is, « > G , the equilibrium policy is import subsidy.

2q49),
If there is complete cross border pollution, that is, 4 = 1, the equilibrium policy is import tariff
whether or not the product is dirty.

Differentiating (A6) with respect to a, we get

o 20+ 2q) (4,4 4q))

ot _ , A8
Jda Z (A8)
where
2 2 2
Z=-2a(q,)" + 2q; - 2a/12<q}) -q, <4a/1q} - 2P’q’> - (q')" (P +qsP")
+ (P-oq) + tq}’ —2a (qa + Aqy) (q;’ + Aq}’) -qP'q" <0
due to the second-order condition for maximizing (A5).
If A = 0, that is, there is no cross border pollution, we get from (A8) that
2449’
ol - d <o, (A9)
oaljg  Zli=o

implying that if there is no cross border pollution, a higher environmental damage induces the
domestic country to reduce the tariff rate. Since a lower tariff reduces the competitiveness of the
domestic firm, it reduces the domestic firm’s output and the environmental damage in the tariff
imposing country.

Now consider the other extreme case of 4 = 1, that is, when there is complete cross border
pollution. We get from (AS8) that

ot _Z(Qd+qf)<qfi+q}) 2q¢

oal Z| =1 "~ Zim

>0, (A10)

since ¢ = ¢, + q}. Hence, if there is complete cross border pollution, a higher environmental
damage induces the domestic country to increase the tariff rate. Since a higher tariff reduces
the total output and therefore, environmental pollution, it encourages the domestic country to
increase the tariff rate following a higher environmental damage.
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It follows from (A8) that ==

significant), that is, A is high (low), a higher environmental damage increases (decreases) the tariff
rate.
Hence, like Proposition 2, a higher environmental damage increases (decreases) the tariff rate

0if _q—;,f A, that is, if the cross border pollution is significant (not
f

if the cross border pollution is significant (not significant), that is, A > (<)_q—;,.
i

APPENDIX B

A LINEAR DAMAGE FUNCTION

Given the tariff rate, the equilibrium outputs of firms D and F are respectively ¢, = a_Tc” and
q; = “_2_2[. The domestic government now maximizes the following expression to determine the
tariff rate:
a—c+t\?, 1(2a—2c—1t\> a—c—2t a—c+t , Ma—c—2t
Max( S ) 4 () () —a £y A ).
t 3 2 3 3 3 3
A\ ~- J/ . ~ / A\ ~ / N )
Profit of firm D Domestic consumer surplus  Domestic tariff revenue Domestic envir(:;mental damage

The equilibrium tariff rate is t* = é(a — ¢+ a(—=1+ 24)). The second-order condition is satis-
fied.

We get %], = %(a —c—a) < (>)0for a > (<)(a — ¢).* Hence, if there is no cross border pol-
lution and the products are sufficiently dirty, that is, « > (a — ¢), the equilibrium policy is import
subsidy. If A = 1, we get t*|,_; = %(a — ¢+ a) > 0, implying that if there is complete cross border
pollution, the equilibrium policy is import tariff.

We further get % = %(—1 +24) < (>)0 for A < (>)%, implying that the tariff rate decreases
(increases) as the product gets dirtier if there is low (high) cross border pollution.

APPENDIX C

TWO WAY TRADE CONSIDERED IN SECTION 2.2: GENERAL DEMAND
We show here that the results derived in Section 2.2 holds under a general demand function. We
consider a quadratic damage function.

Assume that the markets are segmented and the demand in each country is symmetric
and is given by P = P(q), with P’ < 0, P” <0 and P’ + gP"” < 0. The environmental concern in
both countries is given by a and the extent of cross border pollution is also symmetric and is
given by A.

Firms D and F maximize the following expressions to determine their outputs:

Max (Pao(q) =€) qaa + (Pro(q) — ¢ — S) qay. (C1)
dd. ddf
Max (Pp(q) — ¢) g + (Pao(q) — ¢ — 1) gy, (C2)
9f-9fa

where Py, and Py, stand for the prices in the domestic and foreign countries respectively, and for
outputs, the first subscript stands for the firm and the second subscript stands for the country. For
example, gqq shows firm D’s sell in the domestic country and g4y shows firm D’s sell in the foreign
country. The tariff rate imposed by the foreign country is denoted by s.
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The equilibrium outputs are given by the following first order conditions:
Pao + qagP), —c=0 and Py + qdfP}O —c—5=0 (C3)
Pp + qﬂP,o —c=0 and P4 + qfdP:io —-c—t=0 (C4)

The second-order conditions are satisfied, and it follows from Schlee (1993) that the condition
P! +qaP) = P’ + qfoP}’ < 0 ensures that there is a unique solution for equilibrium outputs.

leferentlatlng (C3) and (C4) with respect to t and solvmg them, we get ¢/, qu
— M — _ 2Py, +4aP, — —
P(’io(3péo+qdopgo) > O’ qfd - qdf B P&o(3P¢’io+qddPgo) O’ qdo - qfo - 3P’ +qddP” < O Where qu (qfO)
. . . _ g My _ 994,
showi the total output sold 1;1 the domestic (foreign) country, ¢’ = o qfd > Doy = %
Elig e = %%
qﬁ ds,qd PR andqfo— .

The domestlc and the forelgn countries determine the respective tariff rates to maximize wel-
fare of the domestic country and the foreign country respectively. Hence, the domestic and foreign
countries maximize the following expressions to determine the respective tariff rates:

Gao(D)
Max < / P (qao) dg — P (qas(1)) qdom) + (P (qao®) = ©) qaa(®) + (P (qo(®)) = ¢ = 5) qay(s)
0
+ 1q5(0) — a(gaa(®) + qar(s) + A (qu(® + q5(s)) ) (C5)

95 (s)
Max < / P (qp) dg — P (qp(s)) qfo(s>> + (P (o) = ¢) gg(s) + (P (Quo(t)) — ¢ — £) gra(®)
0
+ 5q44(8) — a(qua(®) + qr(s) + A (qaa(®) + qu(®)) ). (C6)

The symmetric equilibrium tariffs are given by

~qaoPy,qy, + qaaPyy, @y, + Pao — ©) Qyy + 1G5, + Gja — 20(qaa + oy

(C7)
+ 4 (g + q5)) (q(’id + Aq}d) =0
—4pP qfo + 4 foqfo (Pfo - C) q]’"f + Squf + qas — 2(q5 + qpu ()

+ 2 (qar + qaa)) (qj’f+ ﬁq;f> =0

Due to the symmetry of qqq = g4y and qqr = g4, we can write the first order condition deter-
mining the symmetric tariff rates as

= qaoP}, a0y, + 9aaPy,qy, + Pao = ©) @y + q7, + qpa — 2(qaa + G

+ 2 (g + qaa)) (9l + Ay ) = 0

or

~qgaPy,Qy, + (Pao = ©) Qg + tp; + qpa — 20(qaa + qga + A (qa + qaa)) (q;d + ﬂq}d) =0
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or

~qga (1= Pl l) = Pao = O qly + 201+ 2) (qaa + qja) (g + 4 )
t= y , (C9)
qfd

11

2P +q4,P s
where 1 - P/, ¢, = ﬁ > 0. The second-order conditions are assumed to hold.
do™ 1do™ do

. — _PI / — P _ ! ’
We get from (C9) that if A=0, t|== 9(1=P, %) (q,d" Vg2l ) for o >
lfa

qfd(l—P&a;z:’;o);(Pdo-c)q;d and if A=1, t];o = 9u(1-P43,)~ (Pao= 4090y, o (3 o0 g f|,01 increases
do
with a. v
Hence, like Proposition 3, we get that if there is no cross border pollution, that is, 4 = 0, and
4 (1=P5, 43, )+(Pao
2G40y
subsidy. If there is complete cross border pollution, that is, A = 1, the equilibrium policy is import
tariff whether or not the product is dirty.

Differentiating (C9) with respect to a, we get

Iy

the product is sufficiently dirty, that is, « > ) 94 | the equilibrium policy is import

a 201+ 2) (qaa + qga) Qg + 241+ 2) (qaa + pa) 4y ~ 2(1 + A)qdo <q£,d + M}d)
da G B G ’

(C10)
where

2 2
G = 2}, = audl, Py = Py (€l = 200800 + 0, ) + Pao = O

+ 1qfy = 2000+ 2) (g4 + (1 + Dty + 20"+ ao (g + Ady ) ) <0

due to the second-order condition for welfare maximization.
First, consider the case of 4 = 0, that is, when there is no cross border pollution. We get from
(C10) that

ot

_ 2 (qdd + Qfd) qzid _ 2qd0q:1d <
oa

- - 0, (C11)
i=0 Gli=o Gli=o

implying that if there is no cross border pollution, a higher environmental damage reduces
the tariff rate. Since a lower tariff reduces the competitiveness of the domestic firm, it
reduces the domestic firm’s output and the environmental damage in the tariff imposing
country.

Now consider the case of 4 = 1, that is, when there is complete cross border pollution. We get
from (C10) that

ot

_ 4ao (a2 + 44 _ aud,
oa

- - 0, (C12)
i=1 Gli=1 Gli=1

since ¢/, =q/,, + qj’,d. Hence, if there is complete cross border pollution, a higher environmen-
tal damage increases the tariff rate. Since a higher tariff reduces the total output and therefore,
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environmental pollution, it encourages the domestic country to increase the tariff rate following
a higher environmental damage.

It follows from (C10) that —= o Z0 if = q”’d —/1 that is, if the cross border pollution is significant

(not significant), that is, A is hlgh (low), a hlgher environmental damage increases (decreases) the
tariff rate.
Hence, like Proposition 4, we get that a higher environmental damage increases (decreases)

the tariff rate if the cross border pollution is significant (not significant), that is, A > (<) q;d
fd
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