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Abstract

Is there a case for preferential treatment of tkposed sector in an economy when
compliance to an aggregate emissions constrainicegd! by an international environmental
agreement is mandatory? This question is beingtddbia many countries in the context of
the implementation of the Kyoto Protocol. We addrése issue in a general equilibrium
framework, and theoretically cover several markeictures, including perfect competition,
the large country case and oligopoly. We identifg tonditions under which preferential
treatment of the exposed sector is not warrantat the point of view of maximizing social

welfare. In addition, we demonstrate that in thgecaf oligopoly, instituting a more stringent
environmental policy on the exposed sector mighphdit enhancing for this sector. This
lends theoretical support to a specific interpietadf the Porter hypothesis.
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1. Introduction

The question whether governments have an incentoveimplement an “over-lax”
environmental policy for reasons of internationainpetitiveness of the domestic industry, is
one of the fundamental questions raised in theafleet“ecological dumping” literature. This
literature specifically addresses the trade-offwieeih increased competitiveness and
increased pollution as a result of lax environmietateation of the economy’s exposed sector
as compared to environmental taxes in the sheltegetbr. Several related issues are being
dealt with in the trade environment literature adlwFor instance, the recent literature covers
concerns such as free trade potentially causinge mpotiution, the existence of pollution
havens, and environmental policy inducing capiight (see, e.g., Ulph 1999, and Copeland
and Taylor 2003).

The theoretical results with regard to ecologicamg@ing depend largely on the
market structures that are being studied. In tise ©d perfect competition on world markets
and the absence of international spillovers, eéotdglumping is sub-optimal from a social
welfare perspective, taking into account the paludamages (Rauscher 1994, Neary 2006).
Hoel (1994) shows that differential treatment ofméstic sectors can be justified, in particular
if trade policy is impossible and transboundarylyg@n occurs. Rauscher (1994) suggests
that in the case of a large country it may be ogtito implement a more stringent
environmental policy on the exporting sector inesrth improve the terms of trade.

The literature on optimal environmental policy in aligopolistic world market is
based on the strategic trade literature pioneeyesipencer and Brander (1983), and Brander
and Spencer (1985). The core issue is whether mgetfan be enhanced by changing the
supply of the export industry in the home coungliyen a supply reaction function of foreign
firms. Such a governmental objective can be browgddut through pre-commitment of
subsidy provisions. A production (export) subsidydaan economy-wide research and
development subsidy are typical examples of suchobicy. Pre-commitments by the

government enable the domestic exporting firm ty ghe strategic game as a Stackelberg
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leader rather than in a Nash fashion. Along theeshne, the strategic environmental policy
literature addresses the issue whether an “ovérdaxironmental policy can be used as an
alternative to providing subsidies to domestic ekpg firms (Conrad 1993). Unlike other

domestic subsidies, however, over-lax environmerggllations also entail a social cost in
terms of increased pollution (Rauscher 1994, p).832

The case of oligopoly is interesting because avedl for strategic policy making. The
work on optimal environmental policy in an oligogtic world market has mainly been dealt
with in a partial equilibrium framework. Barrett9@4) and Kennedy (1994) consider two
firms, one home and the other foreign, competingadhird market. They show that in the
case of Cournot competition, welfare maximizationdged dictates an “over-lax”
environmental policy in the sense that the homm fppays less than the Pigouvian tax
corresponding to the marginal damage of pollutidhis result is reversed in the case of
Bertrand competition. Rauscher (1994), and Elbeds\&ithagen (2002a,b) consider the issue
in a general equilibrium setting. Their analyses lggyond the question whether or not
environmental policy yields Pigouvian outcomes, tgnsidering discrimination in the
stringency of environmental policy between the dstigeand the export sectors. Elbers and
Withagen (2002a,b) show that the partial equilitritecommendation may not hold in the
case of a general equilibrium approach.

The policy context of the current paper is difféarfrom the studies mentioned above.
Instead of incorporating emissions in the welfanection because of the damage they inflict,
we introduce an upper bound on emissions. The gowemt derives the demand for
emissions from the firms’ cost functions and fixeesission taxes by targeting emission levels
corresponding to the upper bound of the emissiges Attempts to increase production of the
export sector by lowering the tax in this sectasdti then necessarily be accompanied by a
rise in the tax imposed on the domestic sectors Timplies that, unlike in the models
discussed above, a mere trade-off between additemésions and additional welfare is

absent because of the binding resource const@amsequently, the export sector cannot be
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considered in isolation and a general



equilibrium approach is in order, contrary to tigerieral practice in the [Brander-Spencer]
literature’ (Bhagwati et al. 1998, p. 382).

The change in policy context is inspired by reakdaevelopments, such as the case
of countries trying to meet agreements like the tdyBrotocol. The protocol determines
concrete targets of carbon dioxide emission redadifrticle 3, United Nations Conventions
on Climate Change).

In such a policy setting, ecological dumping orferential treatment of the exposed
sector is a pivotal and relevant issue. For exanpl&€he Netherlands a government advisory
committee recently recommended the introductioa b¥brid system of tradable permits that
is more favorable to exposed industries than tdtesteel industries. The main result of the
present investigation is that we can identify aslaf economies where ecological dumping,
in the sense of imposing a relatively lax environtak policy on the exposed sector, is sub-
optimal from the welfare perspective of the countnder consideration as well as from the
point of view of profitability of the exposed sect®What we do not treat in this paper is

international permit trade. Although this is a walet topic, particularly in the context of
CO, emissions reduction, we want to concentrate herélifierential treatment of sectors

within an economy. So, we don't discuss strategibdvior on an international permits
market.

The remainder of this paper is organized as follawsSection 2, we introduce our
basic model with features largely identical to thedels discussed above. We also derive
some preliminary results on perfect competition dhd large country case. Section 3

investigates the issue in an oligopolistic struetof the world market. Section 4 concludes.

2. The model and preliminary results.
2.1 Introduction
In this section we outline the general equilibrinmodel that will serve as a benchmark to

compare the case of emission limits to the casallystreated in the literature where
5



pollution enters the social welfare function. Wsoaprovide results for perfect competition

and the ‘large country’ case.

2.2 The model

The economy produces two types of final commoditiéth two inputs. The first final
commodity is consumed and produced only domesyicRitoduction takes place in the so-
called sheltered sector consisting of many prik@atafirms. Hence, we do not account for
imperfect competition on the domestic market. Thgragate production function is denoted

by F, and has capitalk,, and raw materialy,, as inputs. Domestic consumption is denoted
by c,. A second class ofi (n=1) varieties of commodities is produced in the expossctor.

Aggregate production of variety (i =12,...,n) is described by a neoclassical production
function in, which has capitalk,, and raw material,yiz, as arguments. Following the

strategic trade literature we assume that thesemumlities are exported onlyxiz), and not

consumed domestically The third consumer commaditynported, and its consumption is

denoted byc,. This commodity serves as the numéraire. Thiseratlgid partitioning of

commodities is common in this literature. In cab@earfect competition on the home market
the results of this paper would not be affectecalbigywing for domestic consumption of the

good produced in the sheltered sector. Otherwiskas to be taken into account that the
additional externality caused by imperfect compmiiton the home market calls for an

appropriate policy instrument.

Capital is mobile domestically, but immobile intationally? The economy’s

! For a discussion of how to deal with pollutiontie case of imperfect competition on the domestic
output market, see Barnett (1980), Baumol and QA®88), Shaffer (1995) and Simpson (1995).
2 The immobile factor is referred to as capital, uapplicable one can also think of labor as the
immobile factor. Gordon and Bovenberg (1996) simmié asymmetric information between domestic
investors and foreign investors as the most imporfactor explaining the empirical evidence on
international immobility of capital. They argue thHateign investors are at a disadvantage due to lac
of information regarding issues such as purchasegof assets and inputs, output markets, andefutu
government policies.
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endowment of capital i&. The rate of return on capital is denotedrhyRaw material can be

conceived of as energy, possibly from fossil fughere exhaustibility of the resource is
neglected. Pollution is normalized such that using unit of the raw material entails one unit
of polluting emission. To keep the analysis simple abstract from abatement. Due to

international environmental agreements, the econ@faced with an upper boung on

aggregate emissions. Regarding the market pricavefmaterial various assumptions can be
made. One may assume that the market price is ae,producers just have to pay an
emissions tax , possibly differentiated across the sectors oftmnomy. The assumption of

a zero price is mathematically convenient. If tlagv rmaterial is of domestic origin, the

assumption is innocuous, because it can then hesdrtpat supply is inelastic at a level that
is higher than the total allowed emissions. If thes material is imported, it implies a rather

simple balance of payments condition, but thenagsumption of a zero market price is more
difficult to defend. The approach we choose isagsume that the world market price of the
raw material is fixed, that the country under cdesation is importing all it needs and that in
the absence of a cap on emissions the economy vimploit more than this cap. This then

implies that national expenditures are fixed. Thaybe denoted by the constapt> 0.

Utility of the representative consumer is represérity a neoclassical utility function
U(c,,c;), implying that preferences involve consumptionyoiollution does not play a role
because of the assumption that the emissions eamtsis binding. Hence, the case where
social welfare increases by adopting a lower thianvad pollution level is excluded. One can
argue that the international agreement imposesetdefficient distribution of pollution over

its signatories, which entails lower emissions timatihe Nash equilibrium.

2.3 First-best in perfect competition and ‘larg@untry case

The first-best optimum in the economy is the altmrathat maximizes social welfare,



U(c,,c;3), subject to:

(21) ¢ =F(k,y)

(2.2) X =Fi(ky,y5), (i=12..,n)

(23) G +x =2 P(x)%
i=1
(2.4) @+i@:E
i=1

(25) y+>y, =y
i=1

where p, = py(x,) denote the inverse world demand functforidote that equation (2.3)

implies equilibrium on the current account: theueabf the imported consumer commaodity
plus the expenditures on raw material equals theevaf exported commodities. The

Lagrangian of the problem reads:
L=U (Cl,C3) + lul[ Fl(k1' yl) _Cl] + Z/le[le (ki21 ylz) - Xlz(plz)]
i=1

LS P (ph) G — x1+TTK =k, = K]+ 71y -y, = 3 yh]

i=1 i=1 i=1
Assuming an interior solution we find as necessanditions

U oU
26) —=p; —=
@8) G =i g Hs

% In the next section, where we discuss oligopdigse functions will also depend on supply by fareig
countries.
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en uo=rp %oy

ok, oy,

. OF, ; OF, :
2.8 2 o —2=7,i=12,...n
(2.8) u, oK, M, oz, 1

, dx] i [ ; dx :
(2.9) _ﬂzf"'ﬂs[xz(pz)"' P2 d_)f;zz] =0,i=12..,n

i
2

2.3 Implementation with trade policy

In this setting, many results regarding the impletaton of the first-best optimum in a
decentralized economy are straightforward modificest of earlier work by, for instance,
Hoel (1996) and Rauscher (1997), and they haverbeatandard inferences in the theory of
international trade (see e.g., Dixit 1985). We \hitlefly describe the main outcomes. In

order to comply with the international norm given §, the government levies emission

taxes 7, and 7, (i=12...,n)"% Tax revenues are recycled to consumers in a lsomp

fashion. Alternatively, the government installsyatem of tradable emissions permits. Such a
system isuniform if trade is allowed among all domestic sectorgluding the sheltered
sector. The system wifferentiatedif individual sectors have their own system, witade
limited to those firms belonging to the individusdctors. In the present context the policy
instruments are equivalent: taxes can achieve ptienal emission levels or one can set the
optimal amount of permits (possibly differentiatadross sectors) and then leave it to the
market to get the ‘right’ price. Therefore, in teguel we shall only refer to taxes.

A few definitions are in order. We make a distinntibetween market power of the
country on the one hand and of individual firms the other. The country iRrge with
respect to variety if, in the first-best optimum, the price elastjcitf demand for variety is

finite. Otherwise the country is small with respéctthe variety. As a consequence, all



individual firms producing a variety for which tleeonomy is small can be aggregated and
described as a representative competitive firmhiWithe class of commodities for which the
country is large, a further distinction can be mabfe some of these ‘large’ sectors a
continuum of competitive firms is active, allowif@y aggregation into a single representative
firm as well. Each of the other ‘large’ sectorsiviie assumed to consist of a single firm,
exploiting its market power on the world market.eTéligopoly case is studied in the next

section. Define

P =2t g, =22 = pla-t), (=12...n), =1

;i
‘92 3 3

=|>

r=r,=r, =L (=12..n), r=—
H3 Hs

where hats denote the first-best outcomes and wéieie the price elasticity of world market

demand for the second commaodity which, evaluatethatoptimum is smaller than minus
unity. Due to the concavity/convexity assumptiomstbe functions involved the necessary
conditions corresponding with the first-best sodptimum are also sufficient. Observe the

following.

i. The pair (121, y,) maximizes profits p,F,(k;,z) — rk, — 7y,of (aggregate) firm 1.

This is the case because in the first-best therpakimizes

) P 7
,L@[& Fl(kl, y1) _Tki =< yl]
s 3 3

i. For the same reasofk,, §,) maximizes profits p,F, (K., y5) = k) — 7y’ of the

(aggregate) firm of exporting sectbifor which the country is small.

* For the sake of brevity of notation and withoosd of generality the given world market price of

energy is included in thé's
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i.  Also (Kb, V) maximizes profitsg,F, (Kb, y,) — k), — 1y, of the (aggregate) firm of
the competitive exporting sectorfor which the country is large.

iv. The triple (p,.Ky,Yy,) maximizes pyx,(p,)—rk, —17y, subject to
F, (ky,Y,) = x,(p,) for each exporting sectarwith a single supplier, exploiting its market
power.

V. The pair(C;,C,) maximizesU (c,,c,) subject to

P.C; + PsC; = PRy "'Z:qizlzzi +T-x

i=1

whereT denotes recycled export tariff revenues.

Vi. Finally, all markets clear at the proposed @sic

Hence, we can state

Proposition 1

The first-best optimum can be implemented in ardesiézed economy by:

® imposing a uniform emission tax.

(i) imposing export taxes on the firms in sectors wileeeeconomy is ‘large’ but where

the individual firms do not exploit this.

The main implication of Proposition 1 is that théseno need to differentiate environmental
policy across sectors if the country is small dnwadrld markets or if its individual firms

exploit their market power on the world market,fathe government can levy an export tax
on ‘large’ but competitive sectors. This resulsisilar to the result obtained when pollution

is affecting social welfare directly.

2.4 Implementation without trade policy
If export taxes are not allowed, due to for insenegulations of the World Trade
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Organization (WTO), the first-best optimum cannet ieached and we should look for a

second-best solution.

Proposition 2

Suppose trade policy is not a viable option. Thean optimum, higher emission taxes than
for the sheltered sector should be imposed on tbospetitive exposed sectors for which the
country is large.

Proof

It holds that

ouU ouU
dwWw=—dc +—d
oc, “ 0 &

3

oU
=—[pdc +dc]

oc,
oU 4 oF, ..  OF,
—a_[ 1{a_kldk1 +_1d 1} +Z 2{ ak? dk ayz dY2 + Xz(pz)dpz}]

For all sectorsi for which the country is a price taker we hawp, =0 and

OF) _ . i OF,

p2 6k' = p P Iz = r (see observation ii). For all competitive sectoror which the
Y2
: . OF, oF, o
country is large we hav, K =r, p?‘a_' =1,. (see observation iii). For all sectors that
2 Y,

behave as large sectors by themselves we have

. OF, oF, ,

GT + p, 6_' + x, (p5)dp, =rdk; + 7,dy, (see observation iv). Hence

Y2

dw = g rdyl+Zr2dy2 +>" xdp,
c,

ioc
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where C denotes the set of varieties in which the couatya whole is large, but for which
the individual firms are competitive. If emissioaxés would be undifferentiated it follows

that:

dw = Z—UZ x,dp,

3 i0C

Hence, welfare is marginally increased if the takqy improves the terms of trade. This can
be achieved by levying higher emissions taxes erctmpetitive exposed sectors than on the

sheltered sectors. Q.E.D.

The intuition behind this result is simple. Trad®igy would increase the terms of trade, and

an emission tax is effectively doing the same.

3. Oligopoly

3.1 Introduction.

The preceding section considered the issue ofegiaenvironmental policy in the presence
of perfect competition and monopolistic market stines. In the present section we focus on
oligopoly, and allow for strategic interaction argdirms as well as among governments, in a

two-country setting. We use the superscrigtsand h to refer to the foreign and home
country, respectively, and consider the case oingles domestic produceftn=1) of the

exportable acting as a duopolist on the world markee inverse demand function reads

P (X;) = pz(X;1 + Xzf) .

3.2 Nash equilibrium

Following the same approach as in Proposition @llyodifferentiating the home country’s
13



welfare function, while omitting the superscript yields:

) g
(31) dW— a% Tldy1+T2dy2+X2 d[X2+X2f]d)(2:|

We can then readily establish:

Proposition 3
Suppose the home country’s policy maker takesdarsupply as given. Then it is optimal to
set equal emissions taxes or to install a uniforstesn of tradable emissions permits.

Proof

If dx{ =0 thenr, =7,, which, together witrdy, +dy, =dy =0, yieldsdW =0.  Q.E.D.

Consequently, if given the international environtaéragreement the governments play a
simultaneous move Nash game, differential treatroénihe two sectors is sub-optimal. The
terms of trade effect is already incorporated leyNtah-Cournot duopolists. However, matters
change if by manipulating the domestic emissiorgases foreign supply can be affected. In
that case, starting from equal taxes, a policy tedtices foreign supply is beneficial, as can

be seen from (3.1).

3.3. Stackelberg equilibrium

We turn now to the case where the foreign coursrgt Stackelberg follower, and the home
country is the Stackelberg leader. In the gameietla@e essentially four players, the two
oligopolistic firms and the two governments. Thdiwdual firms are Cournot-Nash players
on the world product market and take their rivaigoply as given. One way to model the
game at the policy makers’ level is to assume tteaforeign government, the follower, takes

the tax rates set by the home government as givehmaximizes its own welfare given these
14



taxes. However, this complicates matters for tHevieng reason. The tax structure in the
home country does not completely determine the homaatry’s supply on the world market,
because it is also affected by the supply of theigm firm, which is subject to taxation in the
foreign country. Therefore, with this setup theefgn country can still have a considerable
indirect effect on supply by the home firm, whiclte would like to exclude. In order to
overcome this complication we assume that the doregjovernment only observes world

market supply by the home firm, takes this as giard subsequently determines its own
optimal tax structure. As a result, for any givxb the foreign government sets uniform

emissions taxes that maximize social welfare. Thases then also generate foreign supply.

Subsequently, the home government takes the ovegadtion function of the foreign country

into account in determining its own optimal taxéermally, an equilibrium of the game is a

set of domestic and foreign tax rates and suppligeavorld market such that:

a. given the home world market supply, the forempuntry sets the emissions taxes
optimally so as to maximize its social welfare, and

b. taking foreign supplgs a functiorof home supply as given, the home country maxigize

social welfare by setting home emissions taxes.

For the outcome of the game, the slope of the dore¢action function is crucial. If
the foreign reaction function is upward slopingernh starting from a situation of
undifferentiated emission taxes, the home govermnvants to decrease its own supply to the
world market, implying a welfare increase; see )3The welfare improvement is then
accomplished by increasing the tax rate applyintpéoexposed sector. If the foreign reaction
function is downward sloping, a decrease of thertde imposed on the exposed sector is in
order. The issue is closely related to the stratéxgide policy literature (see Brander and
Spencer 1985, and Helpman and Krugman 1985), wherguestion whether the outputs of
the oligopolists are strategic complements or etjiatsubstitutes is crucial for policy. In two

papers, Collie and de Meza (1986, 2003) addresgptblem in a partial equilibrium model,
15



but not in the context of a general equilibrium ieowmental policy setting. They show that
with a constant price elasticity demand functidre teaction functions in a Nash equilibrium
are downward sloping if and only if demand is etadowever, we show below that in our
general equilibrium setting the sign may be rewirdeo do so, we employ the following

specifications:

(3.2) U(c,cy)=Inc +Inc,
(3.3) F(k,y,) =Ky 7, 0<a<l
(3.4) Fu(ky,y,)= kégygﬁ ,0<p<1

(3.5) pz(xz + Xzf ) = (Xz + Xzf )1/5' e<-1

Lemma 1

Suppose preferences, world demand, and technoleggieen by (3.2)—(3.5). Suppose that

the foreign economy takes, as given and finds itself in a general equilibriufthen,

%20
dx;

Proof

The proof is given in the Appendix Q.E.D.
With the aid of Lemma 1 we can now state and prove:

Proposition 4

Suppose preferences, world demand, and technoleggieen by (3.2)—(3.5). Suppose that

the foreign economy takes as given and finds itself in a general equilibridret the home

country act as a Stackelberg leader. Thke 7.
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Proof

Consider (3.1). Taking into account thdy;, = —dy, and omitting the suffixh, we have:

dp, f

dW:g—U [r, - 7,]dy, + X} dx} |.

Cs 2 d[x) +x1]

Starting from 7, =7,, we see that welfare increases xf decreases, ceteris paribus.

Therefore, in view of lemma 1, policy should lead & lower x! . This is achieved by
increasingr, and decreasing,, which also makes the first term between bragiesstive.

Q.E.D.

The proposition yields the important insight thatr fthe class of specifications under
consideration, the exposed sector needs to be tared heavily than the sheltered sector if
the home country is a Stackelberg leader. Althaihghoptimality of this policy has not been
assessed for other classes than the one consideredthe relevance of the result is that it

runs counter to what is commonly advocated in pdticcles.

3.4 Political economy considerations.

In view of political economy aspects such as remking and lobbying, which may prevent

the feasibility or the acceptability of the new tawlicy, we analyze its effect on the

profitability of the exposed sector. This is, howewot a direct test of the Porter hypothesis,
which claims that stringent environmental policgrimases profitability. In our model research
and development do not play a role, whereas inmmvaiffsets are pertinent to the Porter
hypothesis. Following Palmer et al. (1995), howewame may argue that an increased
competitive position of domestic exporters as asegnence of environmental policy is in

line with the Porter hypothesis.

17



The unit cost function of the exposed sector reads:

B -5
Cz(f,Tz):(%J (]:2,3J :

Profit maximization boils down to the maximizatioh

175(x5) = PG +%; )% =C(r, 7,)%;

with foreign supply given. With the inverse demdndction (3.5) and using the first-order

necessary condition for profit maximization we have

(Xh)Z (Xh)l+l/£
2 — 2
_ g[xgl + Xzf ]l—l/.s‘

(3.6) /7,(x)=

: .
Xo q1-1/

i

X5

Therefore, in comparing the Nash and the Stackgltzer regimes, profitability is enhanced if

domestic output increases (sinee< —1), or if foreign supply decreases relative to home
supply. Indeed, home supply of the traded commoaiifyy increase compared to the Nash
equilibrium. Obviously, this is not the case whbe two equilibria are close to each other,
because in that case, by virtue of Lemma 1, thek8therg leader should increase the
emission tax on the exposed sector. However, whereconomies differ considerably, the
Nash equilibrium tax rate is no longer necessddween the two Stackelberg tax rates.

Table 1 provides a numerical illustration of th&sult, using the following base

parameters: initial capital endowmentk$§ =10; the upper limits on emissions a§é =6

and y' =20; the price elasticity of world demand equals —2, and the production

elasticities of capital arex = = 075 for both countries. In Table 1 the initial capital

18



endowment of the foreign countly/" runs from 10 to 24.

Table 1: A comparison of Nash-Cournot and Stackelberg duyiali

Nast-Courno Stackelber

k' r X X M, A 7 X X, M,

24 0.1283 0.1991 7.7698 0.0009 0.0840 0.0871 4.01810628 0.1704
22 0.1185 0.9188 7.6546 0.0168 0.0852 0.0883 3.998/5373 0.1802
20 0.1087 1.7987 7.4762 0.0573 0.0865 0.0896 3.98272968 0.1913
18 0.1003 2.7363 7.1963 0.1196 0.0879 0.0910 3.96274392 0.2039
16 0.0951 3.4707 6.7829 0.1834 0.0894 0.0925 3.94628620 0.2186
14 0.0937 3.8169 6.2471 0.2282 0.0910 0.0942 3.9141k615 0.2360
12 0.0946 3.8872 5.6338 0.2572 0.0929 0.0959 3.88386332 0.2568
10 0.0964 3.8607 4.9722 0.2839 0.0949 0.0979 3.84300704 0.2824

As expected, when the economies are similar wigjane: to their initial capital the
Nash tax rate is between the Stackelberg tax fateshe sheltered and exposed sectors.
Moreover, the exposed sector suffers from the naxwregime in terms of profitability.
However, with an increasing difference in capital@wments, the exposed sector benefits
more from the higher tax rate, relative to the tate of the sheltered sector. Although the
exposed sector pays more taxes than the sheltectnr sthe tax rate is considerably smaller
than in the Nash equilibrium. Therefore, being ackelberg leader is not only welfare
enhancing at the country level, but it also incesgsrofitability in the sector that is subject to
the more stringent environmental policy. Howevdre table also shows that the profit
differential is positive when thi®reign country is relatively well endowed with both capit
and allowable emissions. In such circumstances itather more difficult to justify the

Stackelberg leadership for the home country, &t léthin the present model.

4. Conclusion

This paper revisits the issue of ecological dumpifigne main question is whether
governments have reason to give preferential treatito their exposed sector. The novelty of
our approach is that we consider several world etastructures, with an emphasis on

oligopoly, in a general equilibrium setting. Moreoyrather than incorporating emissions in

19



the social welfare function, we assume the impldateon of a policy that puts a mandatory
upper bound on aggregate emissions. This policytetlation is realistic given that many
countries are currently trying to meet restrictiomposed by agreements such as the Kyoto
Protocol.

The cases of perfect competition and of a largentgproduce the expected results.
Differential treatment is unwarranted if perfectrgmetition prevails. When the country under
consideration is large and conventional trade pdhstruments cannot be used, the exposed
sector should be taxed more heavily than the domesttor, except when this sector can
reap the terms of trade benefits by itself. Theeamoteresting case, however, is oligopoly. It
has been shown that in a simultaneous move Naslibeigun of the tax game played by two
governments, equilibrium emissions taxes do ndedifetween sectors. However, we show
that in a Stackelberg equilibrium the leader mad it optimal to tax the exposed sector more
heavily than the sheltered sector. We illustratei theoretical result in an example,
employing Cobb-Douglas type specifications forfilmgctions involved.

Our theoretical results have important implicasidar the policy debates on
globalization and the environment, and the issubasmonization of environmental policies
across countries. Our results shed new light orirdgpiently cited tension between trade and
environmental policy objectives by suggesting fiear of ecological dumping can hardly be
substantiated by means of standard neoclassicalyth®bviously, in the real world matters
are more complicated than we can currently capturéheoretical microeconomic models.
Specifically, the assumption of governments belgwas strict social-welfare maximizing
agents aiming to design and implement environmegttties in a socially optimal fashion is
open to discussion and can be modified. It is n@ayadtustomary to think of governments as
policy brokers bringing together different interggbups with conflicting stakes in policy
outcomes. Strictly speaking, it is therefore todyeto completely rule out the possibility that
policies of ecological dumping can be justified the basis of social optimality grounds.

However, it is equally implausible to expect thengaof interest groups competing for policy
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influence to end upy necessityin a situation where proponents of eco-dumping wil
unequivocally dominate the game. A problematic espd our approach concerns the
information the Stackelberg leader needs in omelesign an optimal policy, which calls for
further research. Overall, our results suggestpiteralence of a strong link between the
design of international environmental agreements the design of policies with respect to
the environment and trade. A closer future invedtog of this link will be worthwhile, both

from a theoretical and a policy perspective.

Appendix

Proof of Lemma 1

The foreign country takes supply by the home cguias given. Therefore it imposes a
uniform emissions tax (see Proposition 4). Theesysdf general equilibrium conditions for
the foreign country is given by the following sétegjuations (explicit reference to foreign is

omitted, when there is no danger of confusion):

1_ri-a
(D =l
Yo _r1-p
(D) =
r a I 1-a
&9 w={7 (55
(Ad4) p,= (Xg + Xz)llg

) e X, (Y Y7
wo o) (5] (255)

(AB) Yy *+Yy, =Y

(A7)

(A.8)

k1+k2=|2

PRI YT = PoX — X
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(A9) Xx,=kfy;”

Equations (A.1) and (A.2) follow from cost minimtin, and equation (A.3) follows from
perfect competition in the sheltered sector. Egumsti (A.4) and (A.5) define profit
maximization of the exposed sector, and equati&ig) @nd (A.7) are self-evident. Equation

(A.8) follows from utility maximization and equiliflum on the current account:

p,C, =C; = pP,X, — X . Finally, (A.9) is the production function of tlexposed sector. The

system is solved as follows. Using (A.1), (A.2),§Aand (A.7) we obtain:

A10) k=-24Ag, T ab o\ -

R Y (1_a)(1_'8)l?+'3(1_a)y

L-a L-a

T
T

(All) k2=(1_a)’8I2—£ 0’,3 v y :L(l_a)(l_,g)lz_a(l—ﬁ)y

L-a r B-a 2T L-a B-a

Eliminating p, and p, by means of (A.3) and (A.4) and using (A.10), vistain:

hy1/¢&
(A.12) (X + ;) X2—X= 1 {Igly—(l—ﬁ)lq
r B-al r
(A.5) can be rewritten as:
(X +Xh)l/£X[+ X2 ]
LT X +x]

7’
(A.13) [;) B A-B) 7 x, =

r

The right hand side of (A.5) is the unit cost fuoctof the exposed firm. Using (A.11) again

we thus have
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1-B
(A.14) (ij B (- B)x, :L[a—a)i —5aﬂ
r L-a r

It follows from (A.12) and (A.13) that:

(A.15)

-8
[ij B 1-B)x, =+[— - Bk +,857+(ﬁ—a)x}{1+;}
r L-a r

e+ %) 1x,]

and subsequently from (A.14) that :

'

A-a)k-a-y 1
(A.16) - r =1+ .
@-pk-Bry-(B-ayx T

Now suppose that the lemma does not hold:increases and decreases, so tha) / X,
decreases. Then, first of all, the right hand sid@\.16) decreases. Suppoge> a , in which
caser/r decreases because of (Al4), and therefore, théndefd-side of (A.16) increases.
This contradicts that the right-hand side of (Atlécreases. Suppog@<a , in which case
r/r increases because of (Al4), and therefore, thehdefd side of (A.16) increases,

yielding a contradiction again. Q.E.D.
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