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1 Introduction

Tax instrumentswith the aim of improving the environment are used widely in many countries. Inthe
US, excisetaxesarelevied on productsthat adversely affect the environment, e.g., chlorofluorocarbons, while
others have been and are used as a source of revenueto deal with (potential) environmental hazards. In severa
European countries (Denmark, the Netherlands, Norway and Sweden) carbon taxes currently apply whilethe
European Commission has considered the use of carbon taxesthroughout all members of the European Union
(EU). The US government has also considered the introduction of carbon taxes. The use of excise taxesfor
environmental purposes, however, islikely to impact on trade flows and the competitiveness of firmstowhich
the environmental tax applies. Clearly, manufacturersin animporting country faced with theimposition of an
environmental excise tax may argue that the resulting cost increase reduces their competitiveness vis-avis
imported goods. In such circumstances, there will be a demand for restrictions on imports to offset this
competitive disadvantage, i.e., there should be a corresponding border tax adjustment to offset the impact of
the environmental tax. In principle, such border tax adjustments do not contravene GATT/WTO guidelines:
Articles|ll and XV1 of GATT alow contracting partiesto adjust excise taxes on imported products up to the
samelevel asthose applied on domestic products, i.e., taxes on imported goodsimposed on the same basis as
domestic excise taxes are not regarded as being discriminatory.*

Bagwell and Staiger (2001a; 2001b) have addressed this issue more formally in terms of the debate
over whether the WTO/GATT isunfriendly to environmental concerns.” Thereisacommonly held fear that,
due to pressures of maintaining international competitiveness, countries will compromise on enforcing strict
environmental standards, i.e., governments will either resist setting tougher regulations, what Bagwell and
Staiger (2001a) term “regulatory chill”, or they may even set lessrestrictive regulations, the so-called “race to
the bottom”. Based on a specific theoretical model of GATT (Bagwell and Staiger, 1999), they argue that
these types of problems can be resolved through the existing WTO/GATT rules. In the context of their modd,

the conflict between negotiated tariff reductions and incentivesto introduce environmental regulations can be
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seen as one of how to secure “property rights over negotiated market access commitments’” (Bagwell and
Staiger, 2001a: 19). Negotiated market access can be reduced in two ways. first, acountry may feel constrained
from unilaterally raising its tariffs because of WTO/GATT obligations, and, instead chooses unilaterally to
lower domestic standards, thus improving the competitive position of domestic firms; second, a country may
raiseitsdomestic standards, and then rai se tariffs by more than that necessary to offset the competitive effect of
the higher standards. In order to resolve this problem, Bagwell and Staiger (2001b) argue that, though a
country can set any domestic standardsit wishes, in order to deal with increased import competition, it needsto
address market access through itstariff policy in amanner that maintains negotiated levels of market access.
Thisamountsto allowing governments both increased sovereignty over their domestic regul atory choicesand
also away of meeting their international trading obligations. As noted above, the WTO/GATT rules already
alow for such aresponse under GATT Articlelll. Countries are permitted to set border tax adjustmentsto
offset theimpact of increased market access arising from higher domestic environmental taxes.® Specifically,
countries imposing border tax adjustments in excess of the domestic tax would be regarded as acting in a
discriminatory manner and hence in contravention of Article lll.

While the rationale for border tax adjustments for environmental excise taxesis clear cut, the case
where the environmental excisetax isapplied to an intermediate good but it isthefina good that isimportedis
alessstraight-forward case. Neverthelessthe competitivenessissue still arises: domestic producers of thefina
good face anincreasein the cost of intermediate inputs due to the environmental excise tax which placesthem
at adisadvantage vis-a-visfinal imported goods where the cost of intermediatesislower in the absence of the
environmental tax.  In such cases, the border tax adjustment relates to the final derivative imported good.
Since environmenta excise taxes are typically targeted at intermediate-producing sectors, the appropriate
treatment of imported final goodsisclearly arelevantissue. Thisissueisalso addressed inthe GATT/WTO
framework: as Davie (1995) reports, GATT/WTO rules extend to border tax adjustments of imported

derivative products when the environmental excise tax is imposed on intermediates. A GATT Panel has
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confirmed the application of border taxes on the derivative product when the domestic tax is imposed on
upstream producers.”

This paper focuses on the use of environmental excise taxesimposed on domestic intermediate goods
and the appropriate tax treatment of imported final products that use the intermediate input but yet remain
untaxed in the exporter's country. We should note that in the context of GATT/WTO rules, border
adjustments are not motivated by environmental concerns but, as Demaret and Stewardson (1994, p.14) note,
“to preserve competitive equality in international trade.” However, given the potential for mercantilist
protectionism, and the need to maintain negotiated market access commitments, identifying thelikely effect of
border tax adjustments on trade flowsis of obviousimportance. If both theintermediate and final sectorswere
perfectly competitive, the appropriate treatment for importswould berelatively straightforward: animport tax
on thefina good equal to thelevel of the environmental excise tax timesthe extent to which the intermediate
good enters the domestic downstream firm'’ s cost function, would raise marginal costsfor theimporter by the
same amount, and consequently will have a neutra effect on imports (Poterba and Rotemberg, 1995). This
treatment of imported derivative products broadly matches border tax adjustments as currently applied in the
United States. If intermediate and final goods markets are oligopoalistic, however, taxing imported final goods
at the samelevel asthe environmental excisetax on domestic intermediateswill have anon-neutral impact on
imports. Aswill be shown, therole of firm behavior, i.e., whether firmsfollow Cournot or Bertrand strategies,
will determine the extent of non-neutrality.

Introducing imperfect competition into the analysis highlights a potential source of conflict between
those concerned with non-discriminatory trade barriers and those concerned with the environment.
International economists often use the notion of ‘neutrality’ or ‘equivalence’ in assessing alternative trade
policy instruments, i.e., that the level or form of trade policy instruments result in the same limitation on
imports. When markets areimperfectly competitive, theissue of ‘ neutrality’ ismoredifficult to assessastrade

and environmental policy instruments have potentially different effects compared with aperfectly competitive
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market setting. As will be shown in this paper, deviating from the assumption of perfect competition will
likely result in lower border tax adjustments for the domestic environmental excise tax if the principle of
‘neutrality’ in tradeisto be upheld; aswill be shown, in some cases, maintaining the principle of ‘ neutrality’
may justify an import subsidy as the appropriate border adjustment. Thisissue of the appropriate border tax
adjustments for domestic environmental excise taxes arises due to the purpose of these border taxes under
GATT/WTO dtatutes, i.e., that border taxes can be used but should not be discriminatory, and assumptions
about market structure in up- and downstream sectors.

Adhering to the principle of ‘neutrality’, therefore, has the potential to create tension between
environmentalists and trade expertsfor two reasons. First, environmentalists would argue that such taxes are
required to influence production and/or consumption decisionsin order to improve environmenta quality. The
GATT/WTO agendais not focused on environmental concerns per se but rather trade and, specifically, how
environmental policies may affect trade flows. As Demaret and Stewardson (op. cit., p.7) state, since the
border tax adjustments are, “simply to equalize competitive conditionsin international trade [t]hese rulesdo
not always fit comfortably with the situation where domestic taxes are used to achieve a particular policy
godl......such asenvironmental protection.” Second, even if environmentalists accepted in principlethe need
for border tax adjustments, as we show in this paper, when markets are imperfectly competitive, domestic
environmental excise taxes could be matched by lower border tax adjustments or even import subsidies on
foreign goodsif the GATT/WTO statutes are to be upheld.

Asfar asGATT/WTO rulesare concerned, there are two caveatsrelevant for discussion in this paper.
First, GATT/WTO does not define what border tax adjustments are meant to “ equalize” with respect to trade,
i.e.,, whether it isthe level of imports or the share of imports. Using Bagwell and Staiger’ s (2001a) language,
therulesare not clear about exactly what is meant by maintaining market access. Asiswell-known fromthe
international economicsliterature, how neutrality isdefined islikely to matter. Second, environmental policy

can beeither in theform of excisetaxes on certain goods or inputs or in the form of taxes on certain production
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processes which may contribute to environmental pollution. Examples of environmental excise taxeswould
include a fuel tax, atax on leaded gasoline, a tax on ozone-depleting chemicals, and so on. Examples of
environmental processtaxesinclude taxes on emissions, waste disposal and water effluent. Clearly bothforms
of taxes have the same intent, i.e., to influence production/consumption decisions so that environmental
damage is reduced. However, even though both forms of tax may affect trade flows, GATT/WTO statutes
permit only border tax adjustments for excise taxes not processtaxes. As Demaret and Stewardson (op. cit.)
note, this dates back to the original formulation of GATT rules when it was generally believed that indirect
taxes were shifted forward while direct taxes were not: thus, border tax adjustments would apply only when
environmental excise taxes were used but would not be permitted for any other form of environmental
legislation.> As noted in a recent WTO newsletter (WTO, 1997), this has led to several WTO member
countries arguing that existing GATT/WTO statutes on border tax adjustments are no longer valid dueto the
increased importance of environmental concernsamong WTO signatories. Again, thisisan issue which may
bemuse those explicitly concerned with environmental policy. Whatever the inadequacies of current
GATT/WTO statutes, however, for the purposes of this paper the focus will be on the appropriate border tax
adjustments for domestic environmental excise taxes, and how they affect trade.

The paper is organized asfollows. In section 2, the use of domestic environmental excise taxes and
the nature of border tax adjustments applied inthe US arereviewed. Thetheoretical framework which alows
for oligopoly at both final and intermediate stages, i.e., successiveoligopoaly, isintroduced in section 3. Taking
asthe appropriate benchmark(s) the expectation that border tax adjustments should have either aneutral effect
on the volume of imports of final goods, or aneutral effect on the market share of imports, the way in which
market structure determinesthe existence and extent of non-neutrality isexplored in section 4.° Wealso show
that border tax adjustments can impact on firm's profits even when the border tax is set such asto keepimports
at the original level. Domestic firmswill lose out even if the when acombination of environmental taxes and

border tax adjustments are used even if thelevel of negotiated market accessremainsunchanged. A summary
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of the paper and conclusions are presented in section 5.
2. Environmental Excise Taxesand Border Tax Adjustmentsin the United Statesand European

Union

The GATT/WTO framework is specific about the type of taxes that can be subject to border tax
adjustments. In arecent report by the WTO Committee on Trade and the Environment, the distinction between
direct and indirect taxes was made with direct taxesimposed directly on producers not being subject to border
tax adjustmentswhileindirect taxes, i.e., taxesimposed directly or indirectly onthe product, are (WTO, 1997).

Although the relevance of this distinction has been questioned, and arguably discriminates against countries
that rely more on direct taxation, the distinction remains as the basic principle of the GATT/WTO rules on
border tax adjustments.” In addition, a distinction is made between the origin and destination principle with
the destination principle being the principle underlying GATT rules on border tax adjustments.

A range of excise taxes have been and are currently applied in the United States targeted to various
environmental objectives. For example, the so-called LUST tax isimposed on motor fuels, applied at arate of
$.001 per gallon of gasoline, to pay for environmental damage associated with leaking underground tanks® A
Superfund tax on petroleum, at arate of $.147 per barrel, was used to fund the Oil Spill Liability Trust and a
fund for dealing with toxic waste sites. Dealing with toxic waste was also the primary purpose of the tax on
toxic chemicals, ranging from arate of $.22 to $4.87 per tonne, while the tax on ozone-depleting chemicals,
principally chlorofluorocarbons (CFCs), applied at a base rate of $3.35 which isincreased by a dollar each
year, isaimed at restricting the use of CFCs as a manufacturing input (see Barthold, 1994, for a discussion).
Davie (op. cit.) reportsthat, taken together, these environmental excise taxeswere expected to raise $2 billion
per year in the mid-1990s. With the exception of the LUST tax, which isimposed on motor fuelsin generd,
these environmental taxesinclude/have included provisionsfor border taxeson imported (derivative) products.
In the case of the Superfund tax, for example, imports of petroleum products were taxed at the same per barrel

rate as crude oil received by US refineries.’



In the case of the legidation dealing with the tax on CFCs, imported products containing CFCs are
taxed on the basis of the weight of CFCs contained in the product with the extent of CFC used determined by
the predominant method of US production. The regulations governing the use of the Superfund tax on toxic
chemicals aso detailed the treatment of derivative products. imported substances were taxed at the rate that
would have been imposed by the chemical tax had the substance been produced in the United States.

Excise taxes are al'so widely used by many European countries. Thelist of taxesis similar to that for
the United States with environmental excisetaxeson fuel appliedin amost all EU countries. Carbon taxesare
also used in Austria, Denmark, Finland, and the Netherlands. Majocchi (2001) also noted recent European
Commission initiatives for taxing energy products while Italy has aso considered the Italian government's
proposals for carbon/energy taxes either as part of European-wideinitiatives or as unilateral policies. Severa
European countries also have taxes applied to deal toxic waste and the disposal of environmental damaging
goods including CFC charges applied in Denmark.

In principle, border tax adjustments for domestic environmental excise taxes should have a neutral
effect on imports of the final product.”® If the intermediate and final good producing sectors are imperfectly
competitive however, this may not necessarily be the case. For example, casual inspection of the set of
industries covered by the CFC border tax indicates that several of these industries, e.g., automobiles, heavy
trucks, photocopiers and refrigerators, may belessthan perfectly competitive (see Table 3 of Davie, op. cit.).
In the remainder of the paper theissue of (non-) neutrality isexplored in the context of imperfectly competitive

markets.

3. Theoretical Framework
Assumptions
The model introduced hereis one of successive oligopoly, i.e., both the upstream (intermediate) and

downstream (final) stages areimperfectly competitive. At the downstream stage, the domestic firm competes

7



with a foreign exporter of the final product. In the domestic upstream stage, two firms produce the
intermediate input which is assumed to be homogenous. Although the foreign upstream stage can have the
same structure, this sector is ignored in the present case. The domestic intermediate sector uses the
environmentally-harmful input; consequently, the environmental excisetax raisestheintermediatefirms’ codts,
which subsequently raises the downstream firm’'s costs due to the price of the intermediate good. The
technology linking each stageisone of fixed proportions. Formally, x,= ¢x”, where x, and x" represent output
in the domestic downstream and upstream stages respectively, and where @is the constant coefficient of
production.'* To ease the exposition, @is set equal to one in the framework outlined below. Arm’slength
pricing between the downstream and upstream stagesis aso assumed, i.e., the downstream stage takes input
prices as given.

In terms of the game-theoretic structure of the model, the timing of the firm’s strategy choice goes
from upstream to downstream. Specificaly, given costs and the derived demand curve facing the upstream
sector, an upstream firm will maximize profits contingent on a conjecture of how the other upstream firm will
respond. This generates Nash equilibrium at the upstream stage. The intermediate input prices are taken as
given by the domestic downstream firm which maximizes profits contingent on their expectation of how their
foreign competitor will respond, thus giving Nash equilibrium at the downstream stage. Although it is
common to assume aparticular firm strategy, the general model introduced below alowsusto identify therole
of Cournot and Bertrand strategiesin determining the outcome. Interms of solving the model, equilibrium at
the downstream stage is derived first and then the upstream stage.

Equilibriumin the Downstream Market
The model is written in general form following Dixit (1986). Let x; equal output of the domestic

downstream firm and X, the output of its foreign competitor. The revenue functions can be written as:



R (%, %;) 6h)
R, (X, %,) . (2
We assume downward sloping demands and substitute goods.
Given (1) and (2), the relevant profit functions are given as:
= Ru(x,%2) -cixe ©)
= Ra (X1:%2) - CoXe 4
where ¢; and ¢, arethe domestic and foreign firms' respectivecosts. Firms' costsrelate to the purchase of the
intermediate input.
The first-order conditions for profit maximization are given as:
Rt wviRi2= ®)
R22*t v2Rz1=C2 » (6)
where v, and v, arethe conjectural variations parametersfor each firm. While the much-warranted criticisms of
conjectural variations are acknowledged, our use of them hereisrestricted to comparing Cournot and Bertrand
outcomes in a consistent framework; as shown below, the Bertrand-equivalent strategies in quantity-space
imply a conjecture in quantities |ess than the value for the Cournot conjecture.™
In the case of Cournot conjectures, each firm believesthat itsrival will not change output in response
to achangein its own output, i.e.,
vi= dxj/dx= 0 i=12 j#i. (7
For the purposes of the presentation here, al that isrequired to compare the Cournot with the Bertrand
outcome is that, in quantity-space, the value for v, will be less than zero when the goods are imperfect
substitutes. Specifically, for the Bertrand case, each firm believes that when it increasesits output, the other
firmwill reduceits output by just enough to keep its own price constant. The direct demand functionsfor the

two firms are defined as:;



D:( Py, P,) 8)

D2( p]_v pz)! (9)

where p; and p, are their respective prices. The conjectural variations terms can be derived by totally

differentiating the demand functions (8) and (9):

dxa D11 D12 dp,
= ) (20
dxo D21D22 dp,

AsBertrand conjecturesimply that each firm believesitsriva will hold price constant in responseto a

change in its own price, the conjectural variations parameter is defined as:

dx: /dx. )
V'z[dj/dl] :% i=12, j#i, (11)
P P; dpj -0 i

where v; < 0 for imperfect substitutes, and v; = -1 for perfect substitutes.
Equilibrium in the downstream stage can be derived by totally differentiating the first-
order conditions (5) and (6):

Rt viRyr Ryt viRy2» dxq do
- . (12)

Ro21tv2Ro11 Reot Vo R212 dxz dc.

The slopes of the reaction functions are found by implicitly differentiating the firms

first-order conditions:

_3:1 =11~ - (Riet viRu22) / (Russt viRy20) (13)
2
dx2_  _
_dx =127 - (Reart V2R210) / (Ro22* V2Ro12) - (14)
1

For a Cournot game with substitute goods, the reaction functionswill be downward sloping in quantity space,

i.e, r;<0. ForaBertrand game with substitute goods, upward sloping reaction functionsin price space are

10



implied by r; > 0, i.e., each firm responds to an output increase (price cut) of itsrival by raising its output
(cutting price).™®
Given (12), the solution to the systemisfound by re-arranging in terms of dx; andinvertingwhereAis

the determinant of the left-hand side of (12):

dxq Re22t VaRo1z - (Ruet viRL22) || des
=pt : (15)
dx -(Rezrt V2R211) Rint iRy || dco
This can be simplified to:
d axb dc
dxz boai| | dc2

where,

a= (Runt ViRi2) @:= (Ro2t V2 Re12)

b= (Rizt ViRL22) 2= (Ro21t V2 R21) -
As Dixit (op. cit.) has shown, for stability of the duopoly equilibrium, the diagonal of the matrix has to be
negative, i.e., g <0, and the determinant positive, i.e., A=(aja,- b, b,) > 0. Giventhese conditions, further
comments can be made about the reaction functions. r; = -(b;)/a from (13) and (14). Hence, if & <O, then for
Cournot conjectures b ; < 0, in order to satisfy r ; <0, and b ; > 0 in order to satisfy r; > O for Bertrand

conjectures. Theexpressionfor r; can be substituted into (16) in order to make the comparative staticseasier to

dxa az air da
=A? ) 17
dxe ar2 a dc2

follow:

Equilibriumin the Upstream Market
Given thefixed proportionstechnology and ¢= 1, total output inthe domestic upstream sector isgiven

by X’(= x,). Itisassumed that there are two upstream firms (A and B) whose combined output equalsx’, i.e.,
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Xa+ Xg =x". Theintermediate good is assumed to be homogeneous so that the downstream firmisindifferent
about the rel ative proportions of x, and Xg used inits production process. Assuming that the downstream firm
faces no costs other than the price paid for the intermediate input, the inverse derived demand function facing
firms in the upstream sector can be found by substituting p,” for ¢, in (5) where superscript U denotes the

upstream sector. Firms' profitsin the upstream sector are, therefore, given by:
A= RA(Xa:Xe) - CAXa (18)

s = R (Xa Xs) - Ch Xa» (19)

where ca” and cg” are the upstream firms' costs respectively.

Given this, the equivalent of (17) can be re-written for the domestic upstream market:

aXa sia | @8 @aral |dea
= (a7) : (20)
dxa asrs  aa] |dca
4, Environmental Excise Taxes, Border Taxes and Non-Neutrality

Theimposition of the environmental excise tax t © at the domestic intermediate stage raises both c”
and cz”. Inturn, thisraisesthe price of theintermediate good, i.e., the costs to the domestic downstream firm
c1. The cost increase to the domestic downstream firm also affectsimports. Thisis given by dx,/dc,;. The
border tax adjustment targeted at the downstream firm’ sforeign competitor directly raisestheir costswhich, in
turn affectsthe level of imports. Thisisgiven by dx./dc,. Sincethe GATT/WTO guiddinesare unclear, the
neutral border tax adjustment (neutral BTA) is defined as either the change in ¢, that keeps the volume of
imports constant given the environmental tax t %, or asthe changein ¢, that keeps the domestic market share of

imports constant givent °.
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I mport-V olume Neutrality

If neutrality is defined in terms of import volume, the appropriate border tax is given as.

neutral BTA = M (21)

~(dxz/ dca) |

When markets are competitive, then the absolute value of dx./dc, = dx,/dc,, so that the net effect is
suchthat dx, =0. Consequently, the appropriate border tax should equal thelevel of the environmenta excise
tax, t°. However, when markets areimperfectly competitive, setting theimport tax equal to the environmental
excise tax will lead to a non-neutral outcome, dx, # O.
Non-Neutrality with Bertrand Behavior

Consider first of al the effect of theimport tax on the imports of the final good. Using (17):

dx. = Atadc,. (22)

SinceA ™ > 0and a, < 0, the border tax (as expected) reduces the level of imports, i.e., dx, < 0.

Then consider the impact of the environmental excise tax (which raises c;) on imports
using (17):

dx = Atarado. (23)

Since A !> 0 and a, < 0, the effect of the domestic excise environmental tax dependsonthesign of r,. As
noted above, with Bertrand behavior, the reaction function is upward doping, i.e., r > 0. Consequently, the
right-hand side of (23) is negative which suggeststhat the environmental excisetax has a non-neutral impact
on imports as it further reduces imports. Specifically, since in a Bertrand game the goods are strategic
complements, the environmental excise tax imposed at the intermediate stage will reduce domestic output at
the final stage and imports. Consequently, with Bertrand behavior, since dx./dc; <0, to restore neutrality, the

appropriate policy is an import subsidy rather than an import tax.
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Non-neutrality with Cournot Behavior

Refer back to (23). With Cournot behavior, r, <0, which resultsin dx,/dc, > 0. Whether the expansion
of imports matches the contraction due to the import tax depends on two factors: the effect of the changein
costs on the final market, and the extent to which the domestic environmental tax, t°, is transmitted into an
increasein the downstream firm’ scosts, dc;. Focusing, first of al, ontheformer, evenif dc, = dc,, theimpact
of the domestic environmental tax will likely be less than the border tax. For example, if it is assumed that

a, = a,, sincethe absolutevalue of r ; islessthan one, a,r ,<a;. Second, consider thelikelihood of dc, =

dc,. Thisdepends on the incidence of the environmental excise tax on the downstream firm'’s cost function,
i.e., dp,”/ (dca” + dcg” ), the extent to which the intermediate input price rises as a result of the domestic
environmental excisetax. Since the intermediate goods are perfect substitutes, then:
dpi = ply(cda + oxe). (24)
Using (20):
dp’ = g, (o) Hodh & @ )+ ol D) 25)
Asiswdl-known from the tax incidence literature, see for example Seade (1985), Myles (1987) and Stern
(1987), there is likely to be ‘under-shifting’ of taxes when markets are oligopolistic. Consequently, with
import taxesimposed at the sameleve of the domestic environmenta excisetax, sincedc, > dc; thisreinforces
the non-neutrality effect.™
Neutral Border Tax Adjustments
Taking (21) and using (22) - (25), the neutral border tax adjustment for the domestic environmental
excise tax, can generally be given as (assuming a;= a,):
neutral BTA = -1, p; (AY)™" [aLB’ @+ rB)+ax @+ rL)\)] t*=-r.dg. (26)
It is clear that the form of the border tax adjustment, i.e., whether it is an import tax or subsidy,

depends on the nature of competition in the downstream market. Further, even if aborder tax wasappropriate,
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i.e., with Cournot behavior, the level of the border tax will depend on the nature of competition in both the
upstream and downstream markets. When under-shifting occurs, the border tax that restores neutrality should
be less than the level of the environmental excise tax. Intuitively, the reason for this is that with Bertrand
behavior, the domestic environmental tax reduces domestic downstream salesand imports. Therefore, in order
to maintain their negotiated market access commitments, an import subsidy is the appropriate policy. In the
case of Cournot behavior, the tax reduces domestic sales but increases imports. In order to maintain market
access at negotiated levels, an import tax isjustified. However, since theincrease in importsisless than the
decline in domestic sales, the border tax adjustment should be less than the corresponding domestic

environmental tax.

| mport-Share Neutrality

In the case of import-share neutrality, the appropriate border tax rule is defined as one where the net
effect of the environmental tax t ©on x; and x, must equal the net effect of the border tax adjustment on x; and
X2

t°[(dx./de)+(dx/de)]=BTA(dx/dc)+(dx/dc,)]. (27)
Re-arranging (27), the neutral BTA is defined as:

t°[(dx/dc)+(dx/da)]

neutral BTA= : (28)
[(dx/dc)+(dx/dc,)]
and substituting in from (17):
neutral BTA= {82r2¥ a2)t® (29)
(aurit a)
Assuming that &, = a,, the neutral BTA is defined as:
neutral BTA= (2FDE_ (1) d e (30)

(ri+1) (ri+1)
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In this case, defining ‘ maintained market access' in terms of market shares does not lead to the ‘sign’ of the
policy being dependent on the nature of firm behavior. In this case, since the domestic environmental tax will
reduce the market share of the downstream firm, a border tax is the appropriate adjustment to make in both
cases.
Non-neutrality with Cournot and Bertrand Behavior

In the case of Cournot behavior, r; < 0, and given that Or; O >Cr, 0, the appropriate border tax
adjustment exceeds that for the case of import-volume neutrdity as given in (26), but still depends on the
extent of ‘under-shifting’ of the environmental tax as reflected in the change in the domestic downstream
firm's costs dc;. For Bertrand behavior, r; > 0, and given that [r,[3>[0r, [, the appropriate border tax
adjustment is now a tax, as opposed to a subsidy in the import-volume case. Note, however, that in the
Bertrand case, the neutral BTA is lower than in the Cournot case. Hence, the nature of downstream

competition gtill matters in the case where neutrality is defined in terms of import-share.

Border Tax Adjustments and Profit Effects

Itisinteresting to note that while appropriate border tax adjustments can be defined in the presence of
imperfect competition, the downstream profit effects of the two definitions of neutrality are quite different.™
Thisisimportant since even though the appropriate border tax adjustment will keep imports at the sameleve,
re-distribution of profits between domestic and foreign firms can still occur. Specifically, in the case of
import-volume neutrality, the combination of the environmental tax and border tax adjustment shifts profits
away from the domestic firm to the foreign firm for the case with Cournot behavior.

In order to seethis, first totally differentiate the profit functions (3) and (4):

d 7711= Ri1d xa*t Ri2d x2-c1d xu+ 711, d €1 (31)

d 7= Rp2d xa+ Ro1d xi- 1 d xu+ 112, d C2s (32
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and substituting in from the first-order conditions (5) and (6):
dm = (-v;R,)dx, + R ,dx, + 77 dc; (33)
dm, = (-Vv,R,;)dx, + Ry dx, + ., dc,, (34)
Given dx, =0, Ty zdc; = -xdcy, and, for Cournot, v; =0, it iseasy to seethat dry <0, i.e., domestic firm profits

fall. For theforeign firm, assuminga= a, = a,, (34) can be re-written as:
d 7= Re1d xu+ 7o, d C2= X[ AT Pyra(d et nde)-del, (35)

GivenA™'>0,p,1<0,a<0,andr,; <0, aslongas[ .]>0, thendr > 0, i.e., foreign firm profitsincrease. The
reason for this is that the border tax adjustment has been set appropriately, and is less than the domestic
environmental tax. From figure 1, it is clear why this should be the case, i.e., in order to satisfy the neutral
BTA rulethat dx, =0, it must be the case that dr; < 0 and dte, > 0. The environmenta tax shifts the domestic
reaction function from RF; to RF 7', and the border tax adjustment shiftsthe foreign reaction function from RF,
to RF,', such that the foreign firm’s output remains at x, = x,'. Domestic firm profitsfall to 7z', and foreign
firm profitsincreaseto 7z'.

Turning to the case of Bertrand behavior, and assuming a = @, = a,, the domestic firm’s profit
expression (33) can be re-written as:

dm=-wvix pl'z[A'la(d atridcy)-dgl. (36)

Under Bertrand, vy <0andr,>0. Inaddition, p;, <0, a<0, and dc,< 0, asthe optimal border instrument in
thiscaseisasubsidy. Therefore, aslong asdc, > [y dc, 0, and -vy X; p1o[.] <O, thendry < 0. Inthe case of
the foreign firm, (35) isthe relevant expression. Aslongasdc; > [0ry dc, 0, and [ .]> 0, thendm, > 0. The
case of Bertrand behavior is somewhat ambiguous, but the same result holdsif the border adjustment dc, isat a

suitably low level.

In the case of import-share neutrality, the combination of the environmental tax and border tax
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adjustment increasesthe profits of both the domestic and foreign firm with Cournot and Bertrand behaviar, i.e.,
the combination of the two policies essentially facilitates more collusive behavior by both firms (see Salop,

1986). In order to seethis, first derive dx; and dx, from (17), assuming a = a;®a,, and substituting in for dc,

ouca| st {2531 <37>

dX2:A_{ad01[l‘2+{%}]}. (38)

AsA'>0,a<0,dc; >0, and for Cournot behavior, r; <0, then dx; <0and dx,< 0. For Bertrand behavior, r;

from (30):

>0, soagain, dx; <0and dx, < 0.

Substituting (37) and (38) into (33) and (34):

1
d Th= X1d Cl{ ple_la|: (I‘2'V2)+ (1'V1I’1)( ro* J:|'1} (39)
ri+1l
_ 1 ra+1
d Jl— X2d Cz{ pZ,IA a|:1‘ V1I’2+ (1+ rl)( Jj|'1} (40)
ri+1l

For the case of Cournot, v; =0, and, r; < 0. In addition, in (39), p;.<0,A*>0,a<0,and[.] >0, whilein
(40), p,1<0,A">0,a<0,and[.]>0. Therefore, aslongasp;.A'a[.]>1in(39), andp,.A*a[.]>1in
(40), then dry, > 0 and drp, > 0. Thisresult isillustrated in figure 1. The environmental tax shifts the
domestic reaction function from RF; to RF;'. Inthiscase, the border tax adjustment shiftstheforeign reaction
function from RF, to RF,", such that domestic and foreign firm market shares, net of the environmental tax and
neutral BTA, remain constant along the ray fromthe origin. Domestic firm profitsincreaseto 72", and foreign
firm profitsincreaseto 78". Inthe caseof Bertrand behavior, v; <0, and, r; > 0. Therefore, aslong as plyzA'la[ .

]>1in(39), and p;A™Ma[ . ] >1in (40), then dry > 0, and dr, > 0. Again the Bertrand case is somewhat
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ambiguous, but the same result will likely hold.

In summary, for import-volume neutrality, with Cournot, and possibly Bertrand behavior, the domestic
firm suffers aloss in profits while the foreign firm gains. For import-share neutrality, both domestic and
foreign firms benefit from an increase in profits under Cournot, and possibly under Bertrand behavior. The
political-economic implication is that the domestic firm has an incentive to lobby its government to define a

neutral BTA in terms of import share rather than import volume.

4, Summary and Conclusions

Thetreatment of importsisacommon consideration when environmental excisetaxesareimposedin
the domestic market. Even when the environmental excisetax istargeted at intermediate goods, adjustmentsto
the border taxeson final (derivative) products are usually made explicit in therelevant legidation. Clearly the
purpose of border tax adjustmentsisto ensure that domestic firms are not placed at acompetitive disadvantage
vis-avisforeign exporters dueto theimposition of environmental excisetaxes. Foreign exportersalso havean
interest in the setting of border tax adjustments to ensure that they are not used as protectionist instruments.

Apriori, onewould expect aneutral outcome, i.e., the border tax adjustments for environmentd taxes
should leave either the volume of imports or the market share of imports of thefinal good unchanged. Thisis
consistent with recent work by Bagwell and Staiger (op.cit.) regarding the issue of regulatory ‘chill’ and
maintaining market access when domestic governments are concerned with domestic environmental policy but
which may have an effect on market access. In large part, border tax adjustmentswill depend on how ‘ market
access' isdefined and the nature of firm behavior. In this paper we have shown that when both the upstream
and downstream markets are imperfectly competitive, non-neutrality is likely to result. When firms play
Cournot strategies, an import tax set at the level equal to the environmental excisetax islikely to betoo high,
irrespective of the definition of neutrality. When firmsplay Bertrand strategies, the border adjustment islikely

to be of the wrong form when neutrality is defined in terms of import volume. In other words, an import
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subsidy rather than atax isthe appropriate policy to ensure neutrality. In contrast, when neutrality isdefined in
terms of import market share, the appropriate border instrument is atax. Moreover, these policies can leave
domestic firms worse off even if the level of market access is maintained at negotiated levels. The overdl
conclusion is clear: market structure considerations in both final and intermediate sectors are important in
setting the form and level of border tax adjustments for environmental excise taxes if the authorities are to
avoid being unwittingly protectionist. When markets are imperfectly competitive, even setting border tax

adjustments equa to the level of the domestic environmental tax islikely to be discriminatory.
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Figure 1. Profit Effects of Neutral Border Tax Adjustments
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!1n this paper, the focus is on border tax adjustments on imports. However, environmental tax legislation
usually allows exemption from domestic environmental taxes when the good isbeing exported. Thisimplicit
subsidy is also legitimate in the context of the GATT/WTO framework.

2 Other recent papers that have focussed on the links between domestic environmental policy and trade
policy include Anderson (1998). Ederington (2001) also considersissues relating to the co-ordination of
trade and domestic paliciesin the context of GATT/WTO rules.

®In fact, the issue of border adjustments for domestic taxes has been long-recognized, Ricardo noting:

“In the degree then in which [domestic] taxes raise the price of corn, a duty should be imposed on its
importation . . . By means of thisduty . . . trade would be placed on the same footing asif it had never been
taxed” (Sraffa, 1953).

* See GATT Panel report on * United States-Taxes on Petroleum and Certain Imported Substances June 1987
(BISD 345/136).

®Bagwell and Staiger (2001b) suggest that current GATT/WTO rulesbe changed so that acountry can raiseits
border tax in response to any domestic policy that increases market access. See proposition 4 in Bagwell and
Staiger (2001b).

® These definitions of (non-)neutrality are consistent with the justification for border tax adjustmentsin the
context of GATT/WTO rules. Articlelll of GATT states that border tax adjustments may not be applied to
imported goods so asto afford protection to domestic producers.

" Asnoted above, the GATT/WTO framework a so makes allowances for rebates on exported goodsthat have
been subject to domestic environmental taxes. We do not consider these issuesin this paper.

® The data reported here relate to fiscal year 1993/94 and are discussed in greater detail in Davie (1995).

® The border tax adjustment for the US Superfund tax was the subject of a GATT Panel Report in 1988
following a complaint by the European Community. While the motivation for the Superfund Tax was for
environment clean-up, the European Community complaint was based on the argument that the imported
derivative chemicals had been processed abroad and that there was no pollution in the US to clear up. The
GATT Panel ruled that the US border tax adjustment was | egitimate irrespective of the purpose for which the
domestic tax wasimposed. In other words, the border tax adjustment for the Superfund tax did not contravene
GATT rulesaslong as the border tax was not used for protectionist purposes. See Demaret and Stewardson
(1994) for further details.

9 Had thelegislation been passed, the Clinton administration’ s proposal in 1993 for aBtu tax could also have
been added to thislist of domestic environmental taxes. This proposed tax - aimed at cutting greenhouse gas
emissions - was expected to raise $70 billion over the period 1994-98 (Davie, op. cit.). Like most other
domestic environmental taxesin the US, the Btu tax proposal aso recommended border tax adjustments for
imported products. The “imputed Btu tax” would have been imposed on imported products identified as
having direct energy inputs. Esty (1984) reportsthat faced with GATT chalengesto thisborder tax, the Office
of the US Trade Representative advised the Clinton administration not to pursue the tax adjustment proposal.

1t is also assumed that there is no joint production. As Poterba and Rotemberg (1995) point out, in such



cases, it is not possible to prescribe the appropriate border taxes.

2 While it is unnecessary for the key results of this paper, the conjectural parameters can be interpreted as
indicating various degrees of competition (see Dixit, 1986).

13 Following the terminology of Bulow et al. (1985), when r; < 0 the goods are* strategic substitutes ; whenr; >
0, the goods are * strategic complements'.

4 Of course, there is the possibility that ‘ over-shifting’ will occur. For thisto happen, the demand schedule
facing the upstream firms must be sufficiently convex. However, ‘under-shifting’ can beregarded asthemore
normal outcome.

> Whilethisdiscussion is concerned only with profit-shifting as aby-product of border tax adjustmentsin the
presence of environmental taxes, thereis aliterature on the explicit use of environmental policy as strategic
trade policy, e.g., Conrad (1993).



