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Abstract

Environmental policies are often designed to pursue different goals: In imperfectly

competitive global markets, governments have an incentive to set environmental

policies below marginal damage in order to induce domestic firms to capture foreign

rents and international market shares. Seminal contributions to this literature by

Conrad (1993), Kennedy (1994), Barrett (1994), and numerous successors rely on

partial equilibrium models of oligopolistic competition. By contrast, this paper inte-

grates the analysis of strategic environmental policy into a reciprocal trade model of

general oligopolistic equilibrium (GOLE; Neary, 2009). An important general equi-

librium effect becomes apparent: Trade liberalisation affects the markup of firms

via a change in the wage rate, and hence alters environmental policies, which are

potentially tightened in both open and closed sectors.
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1 Introduction

Environmental policies often serve different targets. They are chosen not only to internalize

environmental externalities, but also with respect to industrial and trade policy issues. By con-

trast, industrial and trade policy instruments are often constrained by multilateral agreements,

e.g. free trade agreements. Trade oriented sectors often benefit from exemptions or lower en-

vironmental obligations such that they can compete on international markets. For instance,

think of the special treatment of sectors within the EU-Emissions Trading Scheme that have a

high trade intensity, or are significantly affected by an increase in carbon costs. This leads to

a general concern of weak environmental standards as a consequence of liberalised trade; the

pollution haven hypothesis.

The rationale to strategically set emission tax rates below marginal environmental damage

is well founded in the literature: Seminal contributions by Conrad (1993), Kennedy (1994)

and Barrett (1994) show that in imperfectly competitive global markets, governments can—by

setting low emission taxes or standards—induce domestic firms to capture foreign rents and

gain international market shares.1 By an assumed ability to pre-commit to an environmental

policy, governments can deliberately alter domestic firms’ credible set of actions.2 In globalised

markets, firms then decide on supplied quantities in a position similar to a Stackelberg-leader.

Trade liberalisation may hence lead to a weakening in environmental policy, which has an

impact on emissions and welfare. Walz and Wellisch (1997) find that trade liberalization leads

to both a reduction in the emission tax, and to an increase in welfare of exporting countries

to a third market. In contrast, Tanguay (2001) derives in a reciprocal trade model that the

1Similarly but less noticed, Hung (1994) observes the rent-capturing motive in setting the welfare-maximizing
pollution tax in an international oligopoly market.

2In contrast to strategic behaviour of governments, Ulph (1996b) considers firm strategic investment decisions
in capital stocks prior to deciding on produced quantities. Ulph (1996a) and Simpson and Bradford (1996) in
turn allow for strategic behaviour of both governments and firms.
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inability of pollution taxes to internalize all existing distortions results in trade-induced welfare

losses, while the pollution tax is lowered. Burguet and Sempere (2003) points out that impact

of trade liberalization on environmental policies depend on the convexity of the environmental

damage function, on the level of output, on the policy instrument employed, and on the link

between output and marginal social costs. Similarly, Straume (2006) argues that environmental

policy is weakened in case of linear environmental damage, or when product differentiation is

low. He further notices that the need for policy coordination does not necessarily increase

when trade is liberalised. Fujiwara (2010b, 2011), in turn, find that emission taxes decrease

with reduced transport costs, both in case of endogenously adjusted and fixed trade policies.3

Baksi (2014) shows that emission taxes are weakened in all countries when trade is liberalized

multilaterally, except for the case of high environmental damage, but that the effect differs

between participating and non-participating countries in case of bilateral tariff reductions.4

These papers are all based on partial equilibrium trade models with oligopolistic market

structure; a class of trade models that is less popular than the two workhorse models of compar-

ative advantages, and product differentiation. However, it is oligopoly trade models that solely

account for empirically observed concentrated industries, and persistent profits which firms and

governments strategically seek to increase (cf. Neary, 2010). The two main achievements of

oligopoly trade models are firstly the derivation of an independent reason for trade driven by

firms that seek to capture foreign market rents (cf. Brander, 1981; Brander and Krugman,

3Fung and Maechler (2007) focus on the effect of trade liberalisation on environmental quality, in case of
exogenous environmental policy. The impact depend on how transboundary the pollutant is, and on which
country liberalises trade. Wang et al. (2009) extend this analysis to different market structures.

4It should be further noted that the impact of trade liberalisation on environmental policies is sensitive to the
market structure (cf. Barrett, 1994), and other model extensions. For instance, Hamilton and Requate (2004)
set up a vertical production structure and show that a two part contract may eliminate any strategic element
from the environmental policy. Nannerup (1998) shows that the incentive for strategically set environmental
policy is reduced if firms’ production costs are private information. Antoniou et al. (2014) notice that an efficient
international permit market gives the incentive to tighten environmental policy. Bayındır-Upmann (2003) in turn,
finds that a flexible firm entry and exit may countervail any terms-of-trade motive in the choice of the tax rate.
For more comprehensive surveys, see Sturm (2003) and Requate (2006).
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1983), and secondly a justification for strategic policy intervention (cf. Brander and Spencer,

1985). The main shortcoming of this class of trade models, on the other hand, is their partial

equilibrium formulation.5

By contrast, this paper argues that general equilibrium modelling is the more appropriate

framework to tackle the issue of strategically set environmental policy. Indeed, via an adjust-

ment of factor prices, the impact of trade liberalisation is transmitted to decisions on optimal

equilibrium policy and supplied quantities, both in open and closed sectors. Similarly, the choice

of environmental policies in some sectors affects the market equilibrium in others; a weakening

in open sectors leads to a factor reallocation away from closed sectors.

Consequently, this paper integrates the analysis of strategic environmental policy into a

reciprocal trade model of general oligopolistic equilibrium (GOLE) based on the work of Neary

(2009). In each sector, a small number of firms act under Cournot competition, while the

existence of a continuum of sectors precludes any strategic firm action on the factor markets.

Each individual firms is large in its sector but small in the economy as a whole (cf. Leahy

and Neary, 2010). Open and closed sectors are linked through a shared constraint, i.e. a full

employment condition. Hence, the interaction between sectors, between countries, and between

goods and factor markets is explicitly taken into account.6

In each sector a two-stage game takes place: Policy makers maximize welfare given an

environmental externality with transboundary pollution. They only have one instrument, an

5Leahy and Neary (2010) highlight the need for general equilibrium modelling to explain the patterns of trade,
gains-from-trade and the effect on income inequality. Technical problems, namely how to deal with strategic
effects on factor markets, have long hindered the integration into general equilibrium (cf. Neary, 2003b).

6The continuum approach and the specific choice of preferences allow for the development of a consistent
general equilibrium model that remains sufficiently tractable and flexible. GOLE applications have so far focused
on labour markets and wage effects, such as the impact of trade liberalisation on wages of skilled relative to
unskilled labour (cf. Neary, 2002), or on union wage setting (cf. Bastos and Kreickemeier, 2009; Kreickemeier and
Meland, 2013). Neary (2003a) shows how an increase in competition may lead to intensified specialisation via an
increase in the wage rate. While Neary (2007) focuses on cross border mergers, Neary and Tharakan (2012) set
up a model which addresses the mode of competition: depending on endogenous costs of investment into capacity,
a selection takes place dividing sectors into Bertrand and Cournot market structure.
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emission tax, at hand. Firms then react by setting their supplied quantities accordingly.

I follow Kreickemeier and Meland (2013) in distinguishing sectors with traded and non-traded

goods, i.e. open and closed sectors. This is motivated by the existence of a large share of non-

traded goods in total production, and by the different incentives in the design of environmental

policy. Both in closed and open sectors, market structure distortions make it optimal to deviate

from the Pigouvian tax rate that equals marginal damage. The choice of environmental policies

in open sectors is further affected by strategic trade motives, such as terms-of-trade, rent-

capturing, and pollution-shifting effects (cf. Kennedy, 1994). Abstracting from any other inter-

sectoral difference allows me to focus on the link and the feedbacks between open and closed

sectors. Globalization is then modelled both in form of reduced trade costs in open sectors,7

and in terms of an increase in the share of open sectors.

The main results of this paper indicate that a general equilibrium effect can lead to an optimal

implementation of stricter environmental policies, when trade is liberalized; a channel that is

absent in the single-sector view, but obviously has strong policy implications. In particular,

an increase in the share of open sectors leads to tougher environmental policies in both closed

and open sectors, whenever the pollutant is not local, and preferences for environmental quality

are not too low. Via an increase in the labour demand of open sectors the wage rate is driven

up. This reduces the markup, firms can charge over marginal costs, and lowers the incentive

of policy makers to indirectly subsidize firms via weak environmental policies. A reduction in

trade costs, on the other hand, leads to tougher environmental policies in closed sectors as well.

In open sectors, however, the general equilibrium effect only attenuates the incentive to weaken

environmental policies in order to capture foreign market rents.

7Trade liberalisation is also represented as a reduction in trade costs in Straume (2006) and Fujiwara (2010b,
2011). In contrast, Burguet and Sempere (2003) and Baksi (2014) focus on the (exogenous) reduction of regional
and multilateral import tariffs.
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To the best of my knowledge, this is the first paper to analyse the impact of trade lib-

eralisation on strategically set environmental policies in an oligopoly trade model in general

equilibrium. In comparison, Rauscher (1994) solely focuses on the general equilibrium effect of

a change in environmental policy on the capital allocation across sectors. In case of a highly

pollution-intensitive exporting sector, it may be optimal to tighten the environmental policy to

prevent an (environmentally harmful) reallocation of capital to this sector. Elbers and With-

agen (2002a,b) follow a similar approach. By means of numerical simulations they show that

the standard results of weak environmental policies under Cournot competition, and of strict

environmental policies under Bertrand competition, may be reversed.

This paper differs in three aspects: First, I set up a reciprocal two-country trade model which

includes domestic consumption and hence allows to properly compare closed and open sectors.

Second, both countries non-cooperatively decide on emission tax rates. Finally, the focus of this

paper is the impact of trade liberalisation (in form of reduced trade costs and of an increased

share of open sectors) on optimally chosen environmental policies.

The remainder of the paper is organised as follows. Section 2 presents the basic model setup.

Section 3 derives optimal environmental policies both for closed and open sectors, which are

then integrated into general equilibrium. In Section 4 comparative statics results are analysed.

Section 5 concludes.

2 The Model

Consider a world of two identical countries, Home and Foreign, where all Foreign variables that

are distinct from Home’s are indicated by an asterisk (∗). Both countries being symmetric allows

us to focus on Home throughout the paper, while results analogously hold for Foreign.
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In each country there is a continuum of z ∈ [0, 1] sectors, which are heterogeneous in one

characteristic: A share α of sectors is open, i.e. reciprocal trade takes place between firms of

both countries being active in this sector.8 In all other respects, sectors are identical. Assume

that α ∈ (0, 1), such that both closed and open sectors exist at the same time.

In each sector a homogeneous good is supplied by an exogenous number of firms. In closed

sectors only domestic firms, in open sectors firms from both countries, supply their products.

Suppose that in every sector there are i ∈ [1, n] firms producing in Home, and j ∈ [1, n∗] firms

in Foreign.9

In each country and sector, in turn, a two-stage game takes place. At the first stage, a policy

maker chooses the emission tax rate that maximizes welfare. She has perfect information on the

industry structure and behaviour of market participants. Moreover, She can credibly commit to

an emission tax rate prior to all other agents taking action. (cf. Brander and Spencer, 1985).

At the second stage, firms decide on the quantities supplied to the domestic market in case of

a closed sector, or to both markets in case of an open sector. Following Brander (1981), markets

are segmented, i.e. firms decide on optimal quantities for the domestic and foreign market,

separately. Furthermore, in each market, firms behave according to the Cournot conjecture, in

the sense that they assume other firms to hold the supply fixed for each market. The two-stage

games are solved by backward induction.

8This is equivalent to assuming that trade costs are below the trade-prohibiting level. It allows us to exoge-
nously change the share α of open sectors as one form of globalisation.

9The majority of papers on strategic environmental policy focuses on the case of an international duopoly. An
exception is Kennedy (1994).
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2.1 Utility and Demand

Preferences of a representative consumer in Home are represented by an additively separable

utility function for each good and are affected by an environmental externality. Hence,

Ũ =

∫ 1

0

(
U(z)−D(z)

)
dz, (1)

where the subutility function for consumption X of each good z is quadratic of the form

U(z) = aX(z)− 1

2
b
(
X(z)

)2
. (2)

Environmental damage D(z), in turn, is assumed to be linear in pollution that can be attributed

to sector z

D(z) ≡ ηE(z), with E(z) ≡
n∑
i=1

ei(z) + γ

n∗∑
j=1

ej(z), (3)

where η > 0 denotes preferences for environmental quality, while pollution is determined by

emissions from Home and Foreign. Parameter γ ∈ [0, 1] measures the degree of spillover of the

pollutant across countries. For instance, γ = 0 implies that the pollutant is local and emissions

do not leak to the other country; γ = 1, on the other hand, means that the pollutant is global,

and the origin of emissions is irrelevant for pollution and environmental damage.

Utility maximization subject to the budget constraint I =
∫ 1
0 p(z)X(z)dz determines the

optimal patterns of demand, where I is the available income from wages, profits and redistributed

tax revenues. The inverse demand function for good z is given by

p(z) =
1

λ

(
a− bX(z)

)
, (4)
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which only depends on the marginal utility of income λ, and the consumption of good z. Firms,

which are small in the economy as a whole, perceive the demand function in sector z as linear;

i.e. firms take λ parametrically. Without loss of generality we can normalize all prices by λ−1

and set this term by choice of the numeraire equal to unity as in Kreickemeier and Meland

(2013).

2.2 Technology

In each sector, firms produce a homogeneous good by employing labour as the only input factor,

which is paid by the competitive wage rate w. The marginal production of labour is assumed

constant and normalized to unity, i.e. labour employed by firm i is li(z) = xi(z) + yi(z), where

xi(z) is the quantity sold by firm i to its domestic market, Home, while yi(z) is the quantity sold

to its export market, Foreign. By definition, yi(z) = 0 if good z is non-traded. For any exported

quantity, trade costs of t incur, which may include all non-tariff barriers, such as transportation

costs, or costs from complying with regulatory requirements in Foreign. Trade costs are identical

for all open sectors and do not depend on the direction of the trade flow.

During production, emissions are generated proportionally to output, i.e. ei(z) = xi(z) +

yi(z).
10 A sector-specific emission tax τ(z) has to be paid for every unit of emissions. There is

no abatement technology.11

Again, since each firm is large in its sector, but small in the economy as a whole, the wage

rate and aggregate income are unaffected by firms’ decisions. By contrast, consumer prices in

10Production-generated emissions are standard in the literature, whereas Fujiwara (2010a) considers
consumption-generated emissions in an oligopoly trade model with strategically determined emission tax rates.

11This is due to reasons of tractability and since the focus of this paper is to isolate the (general equilibrium)
effect of trade liberalisation on the optimal emission tax. Straume (2006) allows for abatement in a partial
equilibrium context.
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Eq. (4) can be influenced by restricting supply, where total consumption of good z is defined by

X(z) ≡
n∑
i=1

xi(z) +
n∗∑
j=1

y∗j (z). (5)

3 From Partial to General Oligopolistic Equilibrium

In a first step, closed and open sectors are investigated separately, and differences are highlighted.

In each country and sector, a policy maker maximizes welfare.12 In a second step, sectors are

linked by a full employment condition in order to analyze the general equilibrium effect of trade

liberalisation.

3.1 Closed Sectors

At the second stage of the game, firm i in closed sector z maximizes its profits according to

πi(z) = p(z)xi(z)− (w + τ)xi(z). (6)

The firm generates revenues at consumer price p(z), Eq. (4), and faces costs of employing labour,

and the emission tax. In equilibrium, it chooses to supply the familiar Nash-Cournot quantity

(with n symmetric firms):

xi(z) =
a− w − τ(z)

(n+ 1)b
(7)

At the first stage, sector-level welfare is maximized. It is given by the sum of consumer

surplus, CS(z), profits, Π(z), perceived environmental damage from this sector’s emissions D(z)

12This assumption serves to embed partial equilibrium analyses into the proposed general oligopolistic frame-
work. Mathematically, it is valid due to the additivity of subutility from consuming good z, and since environ-
mental damage is linear, i.e. emissions from sectors z do not influence the incremental environmental damage
from one more unit of emissions in any other sector. There are thus two dimensions of non-cooperation: within
each country across sectors and between countries.
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and tax revenue from the emission tax rate Rev(z). Hence,

max
τ(z)

W (z) = CS(z) + Π(z)−D(z) +Rev(z). (8)

Anticipating firms’ behaviour according to Eq. (7) the emission tax rate is determined as

τ(z) = D′(z) +
p(z)

nε(z)
= η − bX

n
, (9)

where ε is the elasticity of demand. It is well-known from the literature (e.g. Ebert, 1992) that,

if the emission tax is the only available policy instrument, its optimal level deviates from the

Pigouvian tax rate in the presence of market power. The emission tax consequently does not

equal marginal environmental damage, but is also designed to internalize the market structure

distortion. It corrects for the oligopolistic undersupply with a tax element that is equal to a

firm’s markup. For n = 1, Eq. (9) reduces to the monopoly result (in the absence of abatement

technologies) first derived by Barnett (1980).

Note that τ(z) is present in X(z) (on the right hand side of Eq.(9)), i.e. a higher emission

tax rate lowers the quantity sold by each firm in sector z ceteris paribus. Substituting for x(z)

from Eq. (7) and solving for τ(z), yields the optimal tax rate that is identical for all closed

sectors

τ cl(z) =
(n+ 1)η − (a− w)

n
. (10)

Only for a sufficiently high preference for environmental quality, i.e. if η > (a − w)/(n + 1),

the emission tax is positive. It is increasing in the wage rate and the number of firms, since

both w and n are negatively related to firms’ markups. The more firms are present, the more

competitive the sector. The higher the costs of production, the lower the possibility of firms to

11



extract rents from consumers. By inserting the optimal emissions tax in Eq. (7), the optimal

quantity supplied by domestic firms in closed sectors is derived as

xcli (z) =
a− w − η

nb
, (11)

while the equilibrium consumer price is then given by

pcli (z) = w + η. (12)

Hence, the price contains both the entire private (w) and social (η) costs per unit of consumption,

which is equivalent to domestic production in a closed sector. Both the environmental externality

and the market structure distortion are linked to output. Hence, they can be internalized with

one single instrument. The emission tax rate for closed sectors is consequently first-best.

3.2 Open Sectors

Turning to open sector z, profits of firm i are given by

πi(z) = p(z)xi(z) + p∗(z)yi(z)− (w + τ)xi(z)− (w + τ + t)yi(z). (13)

Revenues are generated from selling domestically and in Foreign, while costs accrue from em-

ployed labour, the emission tax, and from trade costs for exported quantities. Profit maximiza-

tion, taken the emission tax parametrically, yields the Nash-Cournot equilibrium quantities,
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given that n
!

= n∗ by the symmetry assumption,

xi(z) =
a− w − (n+ 1)τ(z) + nτ∗(z) + nt

(2n+ 1)b
, (14)

yi(z) =
a− w − (n+ 1)τ(z) + nτ∗(z)− (n+ 1)t

(2n+ 1)b
. (15)

Prio to firms taking action, the welfare maximizing emission tax is derived. Following

Straume (2006) welfare can be decomposed into:

W (z) = U(z) + S(z)− C(z)−D(z), (16)

where the first term is utility from the consumption of the homogenous good z, the second term

S = [(p∗(z)− t)yi(z)− p(z)yj(z)] is the net trade surplus in sector z. The third and fourth term

are the private costs of production, and the social costs of perceived environmental damage.13

Due to symmetry, the optimal emission tax in open sectors is chosen in both countries as14

τ op(z) = τ op∗(z) =
−2(n+ 1)(a− w) + (n+ 1)t+ 2(2n+ 1)(n+ 1− nγ)η

4n(n+ 1)
. (17)

This emission tax is determined by different motives: the need to internalize the environmental

externality, to correct for the domestic market distortion and to pursue strategic goals via the

terms-of-trade, rent-capturing and pollution-shifting effects (cf. Kennedy, 1994). The tax rate

is the higher the less transboundary the pollutant.

13Straume (2006) abstracts from production costs, but allows firms to abate emissions at increasing costs which
are included in C.

14The derivation can be found in the Appendix. The solution embeds the optimal emission tax rate derived
in Fujiwara (2010b) for an international duopoly. Fujiwara (2011) in turn analyses the impact of reduced trans-
portation costs, when both environmental and trade policy exist and are non-cooperatively determined.
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The difference between the optimal emission tax in an open and closed sector is given by:

τ op(z)− τ cl(z) =
2(n+ 1)(a− w) + (n+ 1)t− 2

(
n(2n+ 1)γ + (n+ 1)

)
η

4n(n+ 1)
, (18)

where the sign is ambiguous and depends on the wage rate, trade costs and the preferences for

environmental quality.

Per construction, in open sectors n + n∗ = 2n firms supply the Home market, while in

any closed sector only n firms are present. Therefore, an illustrative comparison consists in

calculating the difference between emission tax rates in case of an equal number of suppliers in

closed and open sectors. It is hence abstracted from any increase in the number of supplying

firms and the effect of a more competitive market structure on emissions taxes is omitted. We

can show:

Proposition 1. In case of linear environmental damages in pollution and an equal number of

firms in closed and open sectors, the emission tax is larger in open sectors, if the preference for

environmental quality is sufficiently large, or if the pollutant is local.

Equalizing the number of firms between closed and open sectors, leads to the difference in

tax rates amounting to

(
τ op(z)− τ cl(z)

) ∣∣∣
ncl=2nop

=
(n+ 1)t− 2n(2n+ 1)γη

4n(n+ 1)
. (19)

The emission tax rate is thus unambiguously larger in open sectors, in case of a local emission

(γ = 0). Here the pollution-shifting motive outweighs any other partial incentive. If emissions

are transboundary (γ > 0), the open sectors’ tax rate exceed the emission tax in closed sectors

if η is sufficiently large.
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From Eqs. (14), (15) and (17), we can finally derive the optimal equilibrium quantities for

open sector z as

xopi (z) =
2(n+ 1)(2n+ 1)(a− w) + (n+ 1)(4n2 − 1)t− 2(2n+ 1)(n+ 1− nγ)η

4n(2n+ 1)(n+ 1)b
, (20)

yopi (z) =
2(n+ 1)(2n+ 1)(a− w)− (n+ 1)(4n(n+ 1) + 1)t− 2(2n+ 1)(n+ 1− nγ)η

4n(2n+ 1)(n+ 1)b
. (21)

3.3 General Oligopolistic Equilibrium

So far, each sector has been analysed separately. Both environmental policies and equilibrium

quantities differ between open and closed sectors. Now, the sectors are linked by a full employ-

ment condition of inelastically supplied labour

L = n

∫ 1

0

(
xi(z) + yi(z)

)
dz = n

∫ α

0

(
xopi (z) + yopi (z)

)
dz + n

∫ 1

α

(
xcli (z)

)
dz

= n

[
xcli (z)

]1
α

+ n

[
xopi (z) + yopi (z)

]α
0

= Lcl + Lop, (22)

where Lcl and Lop is total labour employed in all closed, and open sectors respectively. By

means of Eqs. (11), (20) and (21) it is straightforward to show that the competitive wage rate

is determined as

w = a− bL− α

2
t−

(
1− α nγ

n+ 1

)
η, (23)

where the term in parentheses is positive and either smaller or equal to 1. The reservation

price a is assumed to be sufficiently large to generate a positive wage rate. Given the assumed

functional forms, we are hence able to express the wage rate in terms of model parameters, such

as trade costs, or the share of open sectors.
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4 Comparative Statics

Following Kreickemeier and Meland (2013), trade liberalisation is modelled in two distinct forms:

First, a reduction in trade costs t represents a ”globalisation at the intensive margin”, while

second, an increase in the share of tradable sectors α implies a ”globalisation at the extensive

margin”. In the following, the interest lies on the impact of trade liberalisation, along these two

forms of globalisation, on the optimally chosen emission tax rates in closed and open sectors.

4.1 Trade Liberalization in Form of a Reduction of Trade Costs

A reduction in trade costs has a direct impact on key variables in open sectors, such as optimally

supplied quantities, Eqs. (20) and (21), and the emission tax rate, Eq. (17). Additionally, these

variables are indirectly affected in general equilibrium: Labour demand in open sectors increases,

leading to two effects. First, employed labour is reallocated from closed toward open sectors.

This can be observed by

dLop

dt
=

(
∂Lop

∂t
+
∂Lop

∂w

∂w

∂t

)
= −dL

cl

dt
= −∂L

cl

∂w

∂w

∂t
=
α− α2

2b
< 0, (24)

where the reallocation is largest for a uniform initial distribuation of sectors.

Second, a larger labour demand in open sectors drives up the competitive wage rate. Taking

the derivative of Eq. (23) with respect to t yields

∂w

∂t
= −α

2
< 0. (25)

The increase is the stronger, the larger the share of open sectors.

Turning to the effect of reduced trade costs on optimal emission tax rates, we can observe two
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driving channels in open sectors: On the one hand, a direct effect is present, well-known from

partial equilibrium models (e.g. Fujiwara (2010b)). This is determined by strategic motives, such

as the incentive to capture foreign market rents. On the other hand, in general equilibrium, the

increase in the competitive wage rate alters the choice of τ op. For open sectors it holds that

dτ op

dt
=
∂τ op

∂t
+
∂τ op

∂w

∂w

∂t
=

1

4n
− α

4n
=

1− α
4n

> 0. (26)

Hence, the optimal tax rate is reduced in falling trade costs due to a dominating partial effect.

Nevertheless, the general equilibrium effect attenuates the incentive to reduce the emission tax;

the stronger, the larger α. The competitive wage rate increases, which in turn reduces the need

to internalize any market distortion, since the markup of oligopolistic firms diminishes.

By construction, there is no direct effect of reduced trade costs on the emission tax in closed

sectors. Nevertheless, it is affected by the general equilibrium effect transmitted via the increase

in wages. We get

dτ cl

dt
=
∂τ cl

∂w

∂w

∂t
= − α

2n
< 0. (27)

Hence, the optimal tax rate in closed sectors increases, when trade costs are reduced. The

oligopolists’ markup decreases, which in turn diminishes the role of environmental policy in in-

ternalizing this market-distortion. The tax rate approaches the marginal environmental damage.

These results can be summarized as follows.

Proposition 2. A reduction of trade costs affects the optimally chosen emission tax in open

sectors directly, and through an indirect general equilibrium effect via an increase in labour

demand and the competitive wage rate. Although the general equilibrium channel leads to an

increase in the emission tax rate ceteris paribus, the direct reducing effect dominates. In closed
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sectors, the emission tax increases due to the general equilibrium effect.

4.2 Trade Liberalization in Form of an Increase in the Share of Open Sectors

While emission tax rates endogenously adjust to a direct effect of t being reduced, there is no

direct effect caused by an increase in α. Only the general equilibrium effect via a change in the

competitive wage rate may alter the optimally chosen emission tax.

Contrary to a reduction in trade costs, an increase in the share of open sectors does not lead

to an unambiguous effect on the wage rate. From Eq. (23) we find that

∂w

∂α
= −1

2
t+

nγ

n+ 1
η. (28)

Only if emissions are not local (γ 6= 0), and η is sufficiently large, an increase in the share of

open sectors leads to a higher wage rate. This relationship is explained by the relative demand

for labour across sectors. Note, that the difference in labour employment in an open and closed

sector is

lopi (z)− lcli (z) =
2nγη − (n+ 1)t

2n(n+ 1)b
, (29)

the sign depends on n, η and t. If the pollutant is local, the difference is only determined by t

and less labour is used in open sectors. Only in case of a non-local pollutant and whenever n,

γ, or η is sufficiently large, labour demand is larger in open sectors.

The more locally concentrated (less transboundary) a pollutant, the higher is the incentive to

shift pollution-generating production to the other country through tough environmental policies.

By Eq. (18) only if η is sufficiently large, the optimal environmental policy is less strict in open

sectors. If this is the case, labour demand is higher in open sectors. An increase in the share of

open sectors consequently raises overall labour demand and thus the competitive wage rate.
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Both for the closed and open sectors, emission taxes are solely influenced by the general

equilibrium effect, i.e.

dτ op

dα
=
∂τ op

∂w

∂w

∂α
=

1

2n

∂w

∂α
<

1

n

∂w

∂α
=
∂τ cl

∂w

∂w

∂α
=
dτ cl

dα
, (30)

where the sign depends on the spillover of the emissions and on environmental preferences. Only

if pollution is local, or preferences for environmental quality are sufficiently low, globalisation (at

the extensive margin) leads to weakened environmental policies. This stands in contrast to the

concern that globalisation is necessarily accompanied by a lowering of environmental standards.

These results can be summarized as follows.

Proposition 3. An increase in the share of open sectors, i.e. a ”globalisation at the extensive

margin”, only affects environmental policies via the indirect general equilibrium effect. If pollu-

tion is non-local and preferences for environmental quality are sufficiently high, this effect leads

to a tightening of the optimal emission taxes in both closed and open sectors. The impact is

more pronounced on environmental policies in closed sectors.

5 Conclusions

This paper argues that the impact of trade liberalisation on strategic environmental policy is

not appropriately addressed in partial equilibrium models. The analysis made apparent an

important general equilibrium effect. In fact a reduction in trade costs leads both to a direct

effect that tends to reduce the emission tax rate in open sectors, and a general equilibrium effect,

which increases emission taxes in both open and closed sectors ceteris paribus.

This mechanism works as follows: Trade liberalisation in form of reduced trade costs increases
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the labour demand in open sectors. This leads to a reallocation of employed labour from closed

toward open sectors, and to an increase in the competitive wage rate. In both closed and open

sectors, oligopolistic suppliers can only charge a lower markup on marginal costs then. Hence,

the inherent incentive to reduce the emission tax below the Pigouvian tax rate is diminished.

For reasons of tractability, the model has been set up with simple and specific functional

forms. Nevertheless, the GOLE framework seems to be an adequate platform for various ap-

plications in the field of trade & environment. Relevant extensions of the model would be for

instance to account for country asymmetries as in Duval and Hamilton (2002), to compare coop-

erative and non-cooperative welfare optimization at different levels (sector-level, national-level,

global-level), or to incorporate different market structures, including an endogenized number of

firms. Moreover, the model can further be developed to allow for inter-sectoral differences in

terms of technology and emission intensities as developed by Neary (2009), where sectors differ

in technology according to the Ricardian approach.

Finally, it seems to be worthwhile for future research to decouple emissions and output by

allowing firms to engage in abatement as in Straume (2006). This would allow to investigate

more appropriately the effect of trade liberalisation on environmental policies, and to analyse

how trade-induced changes in strategic behaviour of firms and policy makers may have an impact

on the quality of the environment. This channel may complement the standard decomposition

in scale, composition, and technique effects in perfect competition models (cf. Antweiler et al.,

2001), alongside with the reallocation effect from heterogeneous firm models with monopolistic

competition (cf. Kreickemeier and Richter, 2014).
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Appendix

Derivation of the Optimal Emission Tax in Open Sectors

The derivative with respect to t can be taken of each term of decomposed welfare, which results

in

∂U(z)

∂τ(z)
=

n

b (2n+ 1)2
(
−a− 2nw − nτ(z)− nτ∗(z)− nt

)
, (A.1)

∂S(z)

∂τ(z)
=

n

b (2n+ 1)2
(
−(2n+ 1)a− 2n(2n+ 1)w − 2n(2n+ 1)τ(z) + (2n+ 1)t

)
, (A.2)

−∂C(z)

∂τ(z)
=

n

b (2n+ 1)2
(
2(2n+ 1)(n+ 1)w

)
, (A.3)

−∂D(z)

∂τ(z)
=

n

b (2n+ 1)2
(
2(2n+ 1)(n+ 1− nγ)η

)
. (A.4)

Jointly this yields:

∂W (z)

∂τ(z)
=

n

b (2n+ 1)2

(
− 2(n+ 1)(a− w) + (n+ 1)t− nτ∗(z)− n(4n+ 3)τ(z)

+ 2(2n+ 1)(n+ 1− nγ)η
)

!
= 0. (A.5)

Solving for τ(z), we get

τ(z) =
−2(n+ 1)(a− w) + (n+ 1)t+ 2(2n+ 1)(n+ 1− nγ)η − nτ∗(z)

n(4n+ 3)
. (A.6)

Setting τ(z) = τ∗(z), due to the symmetry between countries, yields Eq. (17) in the text.
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