INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI
films the text directly from the original or copy submitted. Thus, some
thesis and dissertation copies are in typewriter face, while others may be

from any type of computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality
illustrations and photographs, print bleedthrough, substandard margins,
and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete
manuscript and there are missing pages, these will be noted. Also, if
unauthorized copyright material had to be removed, a note will indicate

the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and
continuing from left to right in equal sections with small overlaps. Each
original is also photographed in one exposure and is included in reduced

form at the back of the book.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6” x 9” black and white
photographic prints are available for any photographs or illustrations
appearing in this copy for an additional charge. Contact UMI directly to

order.

UMI

A Bell & Howell Information Company
300 North Zeeb Road, Ann Arbor MI 48106-1346 USA
313/761-4700  800/521-0600






NOTE TO USERS

The original manuscript received by UMI contains pages with
slanted print. Pages were microfilmed as received.

This reproduction is the best copy available

UMI






Université d'Ottawa - University of Ottawa






TRADE AND THE ENVIRONMENT:
A GAME-THEORETIC ANALYSIS OF THE LINKAGES

A\ thesis presented to the School of Graduate Studies and Research of the
University of Ottawa in partial tulfilment of the requirements for
the degree of Doctor of Philosophy in Economics.

bv

-

Karim Lislamlouevan

January 1998

© Karim Eslamloueyan



il

National Library

of Canada du Canada

Acquisitions and Acquisitions et

Bibliographic Services

395 Wellington Street
Ottawa ON K1A ON4

Canada Canada

The author has granted a non-
exclusive licence allowing the
National Library of Canada to
reproduce, loan, distribute or sell
copies of this thesis in microform,
paper or electronic formats.

The author retains ownership of the
copyright in this thesis. Neither the
thesis nor substantial extracts from it
may be printed or otherwise
reproduced without the author’s
permission.

0-612-28338-0

Canadia

Bibliothéque nationale

services bibliographiques

395, rue Wellington
Ottawa ON K1A ON4

Your file Votre reférence

Qur file Notre référence

L’auteur a accordé une licence non
exclusive permettant a la
Bibliothéque nationale du Canada de
reproduire, préter, distribuer ou
vendre des copies de cette thése sous
la forme de microfiche/film, de
reproduction sur papier ou sur format
électronique.

L’auteur conserve la propriété du
droit d’auteur qui protege cette these.
Ni1 la these ni des extraits substantiels
de celle-ci ne doivent étre imprimeés
ou autrement reproduits sans son
autorisation.



ABSTRACT
This thesis attempts to analyze some prominent linkages between trade and the environment. More
specitically. the thesis seeks to elucidate the endogenous determination of environmental policies in the
context of North-South and North-North relations when pollution generated in one country can cross the
border and flow into another country. [t also provides a theoretical framework to analyze the political
influence of environmental lobbies on environmental policies. environmental damages. and the strategic
behavior of domestic firms in making political contributions and investments in environmental R&D.

This thesis adopts the political-support approach formalized with the help of the game-theoretic
framework ot a first-price menu auction formulated by Bernheim and Whinston ( 1986). In the political process.
environmental interest groups that scek to influence environmental and trade policies set by politicians will
face other lobby groups. By contrast. domestic firms in impertectly competitive industries will press for
protectionist trade policies and laxer environmental regulations.

We find that an equilibrium emission tax depends on the cost and emission per unit of output. the
weight that an incumbent government attaches to social welfare. the amount of pollution that countries
transfer to ecach other. and the type of environmentalists. This thesis shows how interactions between
different interest groups and their national governments may prevent the adoption of socially optimal levels
of environmental policies. Moreover. it shows that environmentalists might be pressing for more stringent
environmental policies if they care only about their own local enyironment and might have common cause with
protectionist tendencies if they believe that liberalized trade will result in more pollution.

With some exceptions. it is found that the presence of environmental lobbies improves the quality of
their local environments. The exceptions arise when environmentalists also care about the global
environment and pollution spills over from one country to another. This thesis shows that the presence of
cenvironmental lobbies may raise environmental R&D investments in the North. lower the profits of
domestic firms. and improve the quality of their home and the world environments by inducing their
mcumbent government to adopt more stringent environmental policies.

The thesis also finds that a more stringent environmental regulation. if properly set. may induce a
domestic firm to undertake R&D investments. but it fails to confirm that this will raise the firm’s
profitability or competitiveness. Indeed. we show that an increase in a pollution tax causes the domestic tirm
to cither cut back its output or raise its R&D expenditure. In either case. the profit ot the domestic firm

declines.

JELE Classification: D72, F13. Q28

Key Words: Political Economy. Interest Groups. North-South. North-North. Environmental and Trade
Policies. Transboundary Pollution. Green and Supergreen. Environmental R&D. Imperfect Competition.
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INTRODUCTION

[.1 Background
Ihe issue of trade and environmental linkages is currently one of the most hotly debated
topies on the international scene. In the United States and Canada. organized labor and
environmentalists launched a fierce opposition o the North American Free Trade
Agreement (NAFTA). The ditticult Hiaisons between trade and the environment are also the
source ol numerous bilateral tensions. The United States squabbled with Mexico over the
latter’s practice of tuna fishing that Kills dolphins. with Norway over whaling. and with
Brazil over the destruction of rain forests. Canada quarreled with Spain over the turbot
stock on the Grand Banks oft the coast of New foundland. The fish dispute almost escalated

to a naval contlict between the two countries. and the European Union (EU). in its effort to



support Spain -- a member state -- threatened to impose trade sanctions against Canada. The

. . . . . . . - . i
list of contlicts involving trade and the environment can be lengthened almost indefinitely.

Environmentalists have identitied four core propositions involving the linkages
between trade and the environment.” First. trade -- by promoting cconomic growth -- may
damage the environment. More precisely. trade raises the scale of economic activities and.
without environmental sateguards. this results in the unsustainable consumption of natural
resources and waste generation. Seeond. trade rules and trade liberalization often entail
market access agreements that can be used to override environmental regulations unless
appropriate environmental protection measures are built into the structure of the trade
system. Third. trade-based measures should be used o address global or transboundary
environmental problems and to reintoree international environmental agreements. Fourth. it
one considers environmental quality as a normal good. then developing nations will adopt
relatively Tow environmental standards. Theretore. even it the pollution they cause does not
spill over into other countries. nations with lax environmental standards provide their own
domestic firms with a cost advantage in the global market place and put pressure on nations
with high environmental standards to reduce the rigor of their environmental requirements.

I'he end result - environmentalists contend - will be competitive  environmental

degradation.

Proponents ol liberalized trade counter the arguments of” environmentalists by

claiming that liberalized trade induces cconomic growth. which. in wrn. will vield more

See. for example, Esty (1994 tor a presentation and analy sis of the linkages between trade and the
environment trom the perspective of a negotiator tor the United States.
For more discussion see Chapter 2. Section |,

()



resources to fight environmental degradation. They consider environmental quality as a
normal good and. theretore. the income gain trom trade should create demand tor tougher
environmental regulations. The causality from trade to the environment is thus beneficial
according to the viewpoint of those who advocate trade liberalization.’ Proponents of trade
liberalization also argue that environmental measures are often a thin disguise tor

protecting domestic industries against imports.

Some argue that there is no contlict between cconomy and the environment.
Klepper (1992, p.257) remarks that in the Furopean Union (EU), as long as there are trade
surpluses. itis unlikely that there will be a credible demand tor protection motivated by the
fear of losing competitiveness through tough environmental regulations. This author points
out. tor example. that the German Federation of Trade Unions does not sce any reason to
suspect that environmental policy has been harmtul for the international competitiveness of
Germany as long as German industries in general -- and the chemical industry in particular
== experience high trade surpluses. Michael Porter (1991 claims  that tougher
environmental regulations may even induce more international competition. According to
this viewpoint. strict envirormental laws can be beneticial o both the environment and
trade. Porter (op cit) introduces innovation into the picture and argues  that there is no
conflict  between environmental  protection and  cconomic  competitiveness on  the
mternational scene. He (op cit. p.168) points out that strict environmental codes may

actually toster competitiveness and argues that nations with the strictest environmental

For a discussion on the pros and cons ot this argument. we reter the reader to the World Bank Discussion
Paper 139 edited by Low (1992,

s



laws. such as Germany and Japan. have led those with laxer environmental regulations in
terms ot economic performance and competitiveness. For example. Japan has some of the
toughest automotive emission standards and air pollution regulations in the world. Thus. it
has made a considerable reduction in the amount of sultur dioxide emission. Indeed. Japan
is a world leader in the development of sultur oxide control technologies (Vogel. 1990,
P.206.) Porter’s idea s that stricter environmental regulation at home may  induce
mnovation and thus increase competitiveness on the international market through rising
productivity. Thus. o enhance  the  long-run  profitability  of domestic  industries.
overnments can adopt environmental policies that are tough  e¢nough o induce home
mdustries o discover greener technologics ahead ot their rivals.

Fhe issue of trade and the environment interactions has received relatively ittle
attention in the theoretical literature. The economic literature on trade-environment finkages
i rather recent and contains several strands. One strand ol the literature is matnly
concerned with extending the results of standard trade theory o situations in which
pollution is internalized within the production process.

Another part of the literature tocuses on market failure. namely the lack of
environmental property righls;. to analyze the linkages between trade and the environment.

For example. Chichilnisky (1994). in a general equilibrium model. attempts to explain the

“Foran exposition of this line of attack. see also Pethiz (19761 MeGuire (1982). Sibert et al. (1980). Baumol
and Oxates (1988), Copeland and Taylor (1994, 1993), and Bhagwati and Srinivasan (1996).

- Foran exposition of this line of attack. we refer the reader to Anderson (1992a). Lloved (1992). and Snape
(19920 See also Anderson (1992b) for an empirical study of the eftects of welfare and the environment
mduced by the liberalization of the world trade i food and coal. Devlin and Gratton (1998) also provide
~omie case stadies o demonstrate how the assignment of - properts rights can be used to solve certain

env ironmental problems,



North-South pattern of trade through the pervasive lack of environmental property rights in
developing countries.

Part of the literature attempts w0 extend the strategic-trade  theory to include
cnvironmental quality as one of the variables manipulated by national governments to
maximize national social weltare. assumed to depend on the protits made by domestic firms
and the damages o the environment.”

I the three strands of rescarch just discussed. environmental quality is determined
by the maximization of social weltare pursued by national government. FHowever. casual
cmpiricism demonstrates that governments seldom set policies by maximizing national
weltare. The idea that politicians behave as benevolent dictators with the single objective of
maximizing social weltare is simply a myth. \s a group. politicians have their own
objectives -- for example. the desire to be elected and the  pursuit of financial gains -- and
must constantly respond to the pressures exerted by the electorate or special-interest groups.
Fvironmental and trade policies. like any arca ot regulation and public choice. are the
outcomes ot the strategic behavior off politicians and special-interest groups. Lack of
atention o the strategic behavior ot special-interest groups and politicians limits most
analyses o the issues linking trade and the environment. Estiy (1994, p.74) makes the
tollowing remarks:

many Irade  experts have  become  consumed with the  theoretical
opportunity (o make trade and environment policies compatible by means of
cconomically "appropriate” environmental policies that force polluters to

pay for the damage they cause. Their relative disinterest in the real-world

political difficuliy of getting such measures adopted scems particularly
ronic since the creation of the  General Agreement on Tarifts and Trade

Foran exposition of this line of attack. see Barrett (1994 or Ulph and Ulph (1994),

th



(GATT) was spurked by the inabilinv: of national sovernments to maintain
appropriate trade policies in the fuce of political pressure.

When it comes o environmental and trade regulations. two pressure groups are
prominent -- namely environmental and industry lobbies. Modeling confrontations between
environmental and - industry interests on one hand. and the selfish desires of politicians in
setting regulations on the other hand. requires special treatment. More specifically. without a
tormal came-theoretic model o analy z¢ the strategic behavior of the plavers embroiled in
the tormation o environmental and trade policies. “political failure” is often invoked to
explain the ditficulties encountered in this process. (Esty. op cit)

[he above observations constitute the basis for the fourth strand in the literature
known as the political cconomy of trade and environmental policies. This work has its roots
m the seminal works of Olson (1963). Tullock (1967). and Stigler (1971). In this strand of
research. the strategic behavior of” special-interest groups and politicians are analvzed to
explain policy outcomes. However. the analysis tends to be mostly discursive and only few
tormal models are presented.”

[wo ditferent approaches are prominent in the literature on the political economy of
environmental and trade policies. One approach stresses political competition between two
opposing candidates. An - interest group will contribute resources o the candidate that
promises its members the greatest gains. The motivation for political contributions in this

. . . . R .
setting is clearly o influence the election outcome. ™ The second approach. sometimes called

Seeo tor example. Hoehman and Leidy 19920, VanGrasstek ¢1992)0 Klepper (1992), and Verbruggen
LIy,
" See Chapter 2. Section 4.

For an exposition ot this approach. see Brock and Magee (1978), Magee et al (1989, and Hillman and
Ursprung (1992, 1994).



the "political support” approach was advanced by Stigler (1971). This approach sees
cconomic policies as being set by an incumbent government seeking 10 maximize political
support. The political support tunction is assumed to depend on the welfare of the interest

. . . . 1
groups mvolved and the deadweight loss imposed on society at large.

[.2 Contributions

I'he hiterature on the political cconomy of trade and the environment lacks a positive theory to
explain the determination of environmental and trade policies in the context of North-South
and North-North relations. Furthermore. no formal model exists o analyze the impact of the
cnvironmental lobby on - environmental and trade policies and  environmental quality
simultancously . No theoretical framevwork has investigated environmental and trade policies
when environmentalists have both national and global environmental concerns and emissions
can spillover from one country to another. The literature also lacks a formal model to
mvestigate the impact of emission tax. resulted from lobby -government interactions. on the
strategic behavior of a firm in choosing its output level and environmental R&D investments
when it competes in an imperfect international market.

his thesis attempts 10 analyze some prominent linkages between trade and the
environment and fill the above gaps in the titerature. More specifically. this thesis seeks to
clucidate the endogenous determination of environmental and trade policies in the context
ol North-South and North-North relations when pollution generated in one country can

cross the border and Hlow into another country. [t also provides a theoretical tramework to

For a survey ot literature on political ecconomy ot trade and the environment we reter the reader to Chapter
2. Section d,



analyz¢ - the political influence of environmental  lobbies  on environmental  policies.
environmental quality. and the strategic behavior of domestic firms in making political
contributions and investment in eavironmenial R&D. [t also shows how interactions between
ditferent interest groups and national governments may prevent the adoption of socially
optmum levels of environmental policies.

Chis thesis adopts the political-support approach tormalized with the help of the
game-theoretic framework of” a - first-price: menu auction formulated by Bernheim  and
Whinston (1986). The political support approach is chosen to embody the beliet that in
seleeting environmental and trade policies. an incumbent government is rarely guided by the
objective o maximize social welfare but by its seltish desire to maximize political support.
Fhis approach is also particularly suited tor analyzing the tiner details of environmental and
trade policies. such as emission taxes and taritts. Moreover. the game-theoretic framework is
adopted to- capture the contlicting interactions among different interest groups and their
incumbent governments. In the cames in this thesis. cach interest group otters political
contributions 10 its own government contingent on the environmental and trade policies
adopted by its government.

v the pohitical process. environmental interest groups that seek to influence
cnvironmental and trade policies set by politicians will face other lobby groups. Domestic
firms in imperfectly competitive industries will press tor protectionist trade policies and laxer
cnvironmental regulations. Environmentalists might. in turn. press for more  stringent
cnvironmental policies if they care only about their own local environment and might have

common cause with protectionist tendencies it they believe that liberalized trade will result in



more pollution. The games formulated in this thesis are also intended to capture some salient
aspects of these interactions. They  also seek answers to the questions of  whether
environmentalists. through the pressure they exert on politicians. are successtul in raising
environmental standards and emvironmenral R&D.

he analysis is positive. not normative. The playvers in these games consist of
cnvironmental and industry lobbics and their incumbent gcovernments. The strategic
hehavior of these players is modeled explicitly  and their joint actions  determine
cndogenously the environmental and trade policies ot cach country.

I'he thesis consists ot six chapters. In Chapter 2. the linkages between trade and the
environment are discussed and a survey of the literature is presented. Chapter 3 is the
centerpiece of this thesis. In this chapter. o game is formulated to explain how
emvironmental and trade policies are endogenously determined in an industrialized country
that engages ininternational trade with a developing country  from the South. The
implication ot the North-South assumption is that there is a vocal environmental movement
in the North that tries to intluence its own government’s policy on the environment and that
only the government of the industrialized country actively pursues environmental and trade
policies. The analysis is conducted in a partial cquilibrium tramework. Furthermore. it is
assumed that the market in question is located in the industrialized country and served by
only two firms -- one domestic firm and one torcign firm from the developing country.
Pollution is a by-product ot producticn. The policies chosen by the home government is a

tartt on imports and an emission tax on the domestic tirm.



Fhis chapter shows that in the absence of” transboundary pollution. the emergence
of an environmental lobby that only cares about its local environment raises both the
cmission tax and the taritt. The end results are a better home environment and a decline in
the profit ot the both firms. When industry lobby doesn™t otter any political contribution to
the government and hence the game is played between the environmental lobby and an
incumbent government. domestic firm’s profit is at its lowest level. but the quality of the
home environment is at its highest level. Morcover. it tinds that in the absence of
transboundary  pollution. when the  environmental  lobby only cares about its  local
environment. the quality of its home environment deteriorates with free trade. Henee.
environmentalists might have an incentive to join protectionist forees. In the presence of
transboundary pollution. the impact ot an environmental lobby on the protit of the domestic
firm depends on the emission per unit of output and the amount of pollution that countries
transter to cach other. Nevertheless. the quality of the environment in the North improves
with the emergence ofa green environmental lobby . [n the case of transhoundary pollution.
when the domestic environmentalist also cares about the foreign environment. its impact on
the firms” profit and the home environment depends on emission per unit ot output and the
amount transboundary pollution. However. this chapter shows that quality of the global
environment improves with the emergence of a supergreen environmental lobby in the
North.

[n Chapter 4. environmental policies are analyzed from the perspectives of two
industrialized countries of the North. The implication of the North-North assumption is that

there are active environmental groups in both countries and that the incumbent national



governments in both countries will actively pursue environmental policies. Under
liberalized trade. cach national government behaves strategically in choosing emissions
taxes o maximize its own payotts while taking into account the political contributions of
the domestic environmental interest group and the domestic firm. As in Chapter 3. the
analysis is conducted in a partial equilibrium framevwork and under impertectly competitive
conditions. However. to concentrate on the strategic behavior of the two national
governments. we assume that the market in question is located in a third country. The
cquilibrium of the game played between environmental and industry groups and their
mcumbent governments determines endogenously the levels of emission taxes in the
Northern countries.

Chapter 4 finds that in the absence of transboundary pollution. it environmentalists”
coneerns are local.  the emergence of environmental lobbies in the two countries of the
North raises the emission taxes. lowers the protits of the firms and improves the quality of

the environment. In the presence of transboundary  pollution. the emergence of green
environmentalists might increase or decrease the equilibrium emission tax and the tirm's

profit in cach Northern country. depending on the amount of pollution transterred from one

gence of green

&

country to another and the emission per unit ot output. In this case. the emer
cnvironmentalists improve the quality of the environment in cach industrialized country of
the North. Morcover. when the home county does not transter any pollution to the foreign
country but receives emission trom abroad. tor a sufficiently high amount of transboundary

pollution. the home government will adopt a laxer emission tax. In the presence of

transhoundary pollution. when the environmentalists” coneerns are global. the chapter finds



that the emission tax. the domestic tirm’s profit. and the quality of the environment in each
Northern country might improve or deteriorate with  the emergence of supergreen
environmental groups. However. the quality of the environment in the North improves with
the presence of supergreens. This might provide insight tor environmentalists lobbyving to
reduce or limit greenhouse gas emission in the industrialized countries.

Chapter 3 extends the North-South model o incorporate environmental R&D. It
shows how the results obtained in Chapter 3 will be affected when the domestic firm
located in the Northern country undertakes environmenial R&D investments. Emission tax
ts the only policy instrument used by the government of the Northern country. The chapter
contains a four-stage game. In the first stage. interest groups communicate a contingent
political contribution schedule o their incumbent government. In the second stage. the home
government chooses an environmental policy to maximize its objective tunction. In the
third stage. the domestic tirm chooses its level of environmental R&D. In the tourth stage.
the domestic and toreign tirms choose their output levels.

[he chapter tinds that when environmentalist's concern s local and pollution does

not cross borders. the presence of an environmental lobby in the industrialized country

induces its incumbent government to raise the emission tax on the domestic firm and hence

(¢

improves the quality of the local and global environments. This asserts that the emergenc
of an environmental lobby increases the emission tax which. in wrn. either causes the
domestic firm to cutback its output or to invest in environmental R&D. In either case the
quality ot the environment improves. When transboundary pollution is allowed. for a

suthiciently high level of emission tax. the emergence of an environmental lobby raises the



emission tax and lowers the damage to the home and world environments. This result is
independent of the environmentalist's tyvpe. FHence. it is difterent trom those obtained in the
absence of an R&D program (in Chapter 3) in which the impacts of a supergreen
cnvironmental group on the emission tax  and the quality ot the home environment were
ambizuous. This chapter also shows that a more stringent emission tax set by an incumbent
sovernment i the North can have three ditterent impacts on its domestic firm: (i) if it is set
too low. the domestic tirm will not undertake any environmental R&D investment and it
will cut back its output: (ii) it it is oo high. the tirm will shut down and toreign tirms will
capture the whole market: and iy i it is in a certain range. the domestic firm will
implement environmental R&D programs and its market share will not be affected. While
this chapter finds that a more stringent environmental regulation may induce a domestic
firm to undertake R&D investment. it fails o contirm that this will raise the firm's
profizability or competitiveness. Indeed. it is shown that an increase in pollution tax causes
the domestic firm to either cut back its output or raise its R&D expenditure. In either case.
the protit of the domestic firm declines. Chapter 6 contains some concluding remarks and

otters some directions tor future rescarch.



TRADE-ENVIRONMENT LINKAGES

2.1 Trade and the Environment: The Difficult Liaisons

Because lite depends on the proper tunctioning of the biosphere - the relatively narrow zone of air.
water. soiloand rock in which all lite on Earth exists - it is absolutely essential that the biosphere be
maintained in a healthy operating condition. Today. with continued population agrowth. industrial
expansion. and accelerating technological change. mankind. in its desire o live in greater numbers
and at a standard considerably higher than previously enjoyed. is degrading the natural environment
at an unprecedented rate.

Environmental degradation is caused by the mismanagement of natural resources and the

pollution of the environment. The greatest single cause for the destruction of natural communities

-
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and the extinction of wild species has been the desire o use land for more productive purposes. This
has involved extensive clearing ot forests and woodlands. burning of vegetation. and the cultivation
of previously undisturbed land for crop production. Some of the lands that are cleared eventually
prove 1o be poorly suited for the purposes for which they were intended and are ultimately
abandoned: however. it is then no longer possible to protect the natural communities that previously
existed inthese areas. Because cach wild plant and animal contains a storchouse of genetic and
hrochemical information. the loss of a single species might result in the loss of intormation that could
ultimately have great value for mankind as a source of tood  or medicine. [f. for example. all
apparently worthless rosy periwinkle plants had been destroved. an important drug used in treating
leukemia would not have been discovered.

Although the importance of environmental protection may seem obvious. most of the world's
people live oo close to the margin ot existence o show concern tor anything other than their
immediate survival. A view of the long run becomes ditticult when the present itself is in doubt. and
activities are carried out to satisty the most immediate basic needs without any concern for the health
ot the natural environment.

I'he Tast three decades have witnessed a change in the public awareness ot environmental
issues. It is now recognized by many people that social and cconomic development in the long run
depends on the availability and quality of natural resources as well as a healthy environment. This

awareness has led to shifts in priorities'. Political partics in industrialized countries now cautiously

For example. in the United States. “fully 89 percent ot respondents in a recent poll stated that they considered
themselves to be environmentalists (Environment Opinton Study. Inc... 1991): another poll tound 80 percent of the
public identity ing themselves in this way (Hart- Teeter. 1991). The first poll also asked that respondents identity which
one of five problems “will pose the greatest threat to the well-being of tuture generations of America: "more than twice
A~ many respondents cited "environmental problems™ (28 percent) as "foreign economic competitions” (12 percent).
Pollsters routinely ask respondents to name the leading problems in the country: environmental concerns are almost

15



lean to the position that the environment should be put betore income. and sustainable development
is currently seen as a substantive goal for cconomic policy. Faced with serious environmental
degradation and warned by biologists and ccologists that the damages to the environment might be
catastrophic and irreversible. the challenge. in a nutshell. is how to economize within the ecological
space avatlable.

The rise of environmentalism retlects. in part. a wealth effect. Specifically. in atfluent
societies. the quality of life becomes more important and people. who enjoy a high-income level. feel
that they can attord higher environmental standards. Perhaps the public now believes that it does not
have to make the trade-oft between growth and the environment. Although interest in the
cnvironment is greater in the richest countries. such as. the United States. Germany. the Netherlands.

and the Scandinavian countries. the trends extend across the world.

2.1.1 Impacts of the Environment on Trade
In industrial countries. an environmental cthic has emerged and industries operating in those
countries are subject to an array of” environmental laws and regulations. The spillovers trom
cnvironmental policies into international trade are numerous and varied. Sometimes. the linkages
hetween trade and the environment are obvious: other times. they are deeper and more subtle.
The most recognizable torm of spillover from the environment into trade is the desire of one
country to impose its environmental standards upon other countries. Thus. several nations have

proposed restrictions on imports of tropical timber as a way of preserving the rain forests. Austria’s

ahway s in the top-ten list (and are often high on ity but rrade-related concerns are rarely on the list at all” (VanGrasstedk

1992, p.232).



tropical timber legislation. adopted in June 1992 and withdrawn in December 1992 in the face of a
threatened boycott by the ASEAN nations. is the best example of this genre of trade action. The
United States invoked the U.S. Marine Mammal Protection Act. enacted in 1972, to ban tuna import
trom Mexico. alleging that the latter country’s method of wna tishing killed dolphins. Mexico
challenged the law and asked GATT to settle the dispute. In 1991, GATT ruled in favor of Mexico
and concluded that the United States was in violation ot its GATT obligations. Several American
laws - among them one intended to protect whales - lav down that trade  bans must be applied
against countries that will not follow American environmental  standards. The practice. by rich
countries. of applying their environmental standards extraterritorially has caused much resentment in
developing countries and is often denounced as a subtle tform of protectionism designed to keep their
products out of the markets of the industrialized countrics.

A less obvious but cconomically significant spillover from the environment into  trade
mvolves an argument often known as “leveling the plaving tield.” [t is often alleged that foreign
production processes fail to meet domestic environmental standards and products produced
according o these processes enjoy an untair cost advantage over domestic producers who have to
adhere o much stricter national environmental regulations. This argument was used in the past by
North American producers against: Codeleo. the Chilean government copper mining company which
was accused  of eco-dumping. U.S. producers  argued that Codelco was  operating  under
cnvironmental standards less stringent than those in the United States and demanded the raising of
trade barriers against Codelco in order to “level the plaving ticld™.

[tis often asserted that ditferent environmental standards will aftect relative competitiveness.

I'he argument is as follows. [f polluters in one country have to carry the full costs of environmental
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damages. its manutacturers will tace higher costs than forcign competitors who do not. So they will
lose sales. at home and abroad. and be tempted o move o countries with less rigorous standards.
e common-sense  view is that  different  environmental  standards  will  affect  relative
competitiveness. However. economists have found little evidence to support this common-sense
view. An OECD study (the Economist. February 27, 1993, p.26). published in 1985. tfound that
pollution-control measures in France. Holland. and  America might have reduced their total exports
by 0.5 to [, Presumably. other factors. such as. labor and transport costs. access to markets. and
political stability count much more. Those who deny the effect on competitiveness of compliance with
environmental regulations also claim that expenditures on environmental compliance amount to less
than 2% ol value added for 83% of American industrics (Low (1992). Chapter 7). Levinson (1996)
provides a synthesis of the empirical literature on whether or not lower standards affect firms’
locational and technological decisions and concludes that they do not. Moreover. he also points out
that the pereeption that environmental regulations harm competitiveness cannot be supported due to
the lack of economic evidence (p.433).

Esty (1994, p.22) suggests that the summary dismissal of environmental standards as a factor
affecting competitiveness is premature. First. he argues that traditional cconomic analysis has largely
tocused on the overly narrow category ol spending on pollution controls. When other aspects of
environmental costs == for example. energy pricing -- are factored in. serious competitive questions
emerge. Second. some industries such as petrochemicals. refining. cement. and steel do have signiticant
pollution  control  expenditures  which  potentially  has  scrious  implications  tor environmental
competitiveness. Esty reminds the reader of the US experience of competition among various states for

new investments during the 1940s. 30s. and 60s. Throughout this period. states practiced strategic-trade
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policy by selling themselves as attractive sites tor new industrial sites. at least in part. because they
offered low costs. including lax pollution control requirements. This pattern of interstate competition
contributed significantly to the drive for national standards in the United States in the 1960s and 1970s.
Ihe author suggests that with the globalization of the world cconomy. there is every reason to believe

that a similar pattern of international competition wiil plague environmental policy making.

2.1.2 The Impact of Trade on the Environment
Fhere are several ways trade can exert its impacts on the environment. First. trade can affect the
cnvironment through the international movement ot products that directly harm ecosyvstems. such as.
hazardous wastes. dangerous chemicals. and endangered species. In this case. trade controls are needed
torestrict the export of toxic substances and wastes Irom industrialized countries to developing
countrics.

Seeond. trade can have significant impacts on the environment through the patterns of
production and resource use that result from market failure or some government interventions. Here
market failure retlects the lack of well-detined environmental property rights. The lack ot well-detined
property rights mean that in planning their production. firms do not include the environmental damages
they cause in their cost caleulations. This torm of market failure results in a divergence between private
and social costs often decried by environmentalists. Further subsidies. such as provided by the EU to its
tarmers under the Common Agricultural Policy (CAP) have encouraged farmers to increase their
production otten at the expense of the environment. The overproduction causes environmental

degradation both at home and in developing countries. In order to produce the tremendous volume of

agricultural products induced by the generous subsidics. [-uropean farmers have used an excessive

19



amount ot chemical fertilizers. pesticides. herbicides. and other chemicals that pollute their own lands
and waters. Furthermore. the agricultural surplus is dumped on the world market. depressing world
prices. [n order to compensate tor the lower agricultural world prices they receive. farmers in the
developing countries try to increase their own production and. in the process. turther degrade their
environment. Inan empirical study.  Anderson (1992b) suggests that trade liberalization on the world
markets tor coal and food might raise both weltare and environmental quality.

Third. through its effects on growth. trade can have a positive or negative impact on the
environment. Proponents of trade liberalization argue that the economic growth induced by trade means
higher incomes. specially tor developing countries. and part of these incomes can be devoted to raising
environmental quality. Environmentalists. on the other hand. oppose trade liberalization on the ground

that the cconomic growth encouraged by trade means more production and consumption. which turther

damages the environment.”

2.1.3 Trade as a Tool to Further Environmental Quality
Fovironmentalists often advocate the use of trade measures to influence environmental policies outside
a country’s territory. especially when they involve transhoundary and global issues. Lacking a global
authority to deal with the issues concerning the global commons - the oceans and atmosphere. animal
and plant species threatened with extinction - and short of going to war. it is tempting for powerful
countries o untlaterally impose their environmental preferences over others through trade sanctions.

After all. trade might be the only link existing between two countries. and the use of trade measures

“CGirossman and Kruger (1995) investizate relationship between per capita income and several environmental indicators.
Fhey find litle evidence that environmental guality declines steadily with increase in income. For most indicators. they
observed that environmental degradation and GDP per capita have an inverted U-shaped relationship. Also see
Grossman and Krueger (1993) for the environmental impacts of the North American Free Trade Agreement.
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might be the only means available for bringing about the degree of multilateral cooperation needed in
dealing with transborder environmental problems.

The use of trade measures by a country' to influence environmental policies in other countries is
often frowned upon by the World Trade Organization (W TO). which often rules that damage at home is
mostly the business of the polluting country. A\ country cannot use trade sanctions against a product that
is not harmtul in itselt but whose manutacturing process is damaging to the environment. That is. as
long as a widget meets an important product standard. it is irrelevant that it was made using banned

chemicals. However. when the pollution crosses nations boundaries or involves the global commons.

the position ot WTO becomes less tenable .

2.2 Innovation and Environmental Regulations

Phe presailing view among many cconomists and other policy analyvsts is that there is a trade-off
hetween cconomic competitiveness and environmental protection. This trade-oft has emerged trom the
traditional cost-benetit approach used extensively by many economists to assess environmental and
other regulatory programs. In this approach. the comparison is between social benefits - such as the
reductions in premature mortality. the enhanced recreational opportunities. the enhanced vitality of
aquatic ecosystem. and cte. -- that arise from tough environmental regulations and private costs for
companies - costs that raise prices and reduce competitiveness.

Michael Porter (1991). and  Porter and van der Linde (1993a.b) argue that the traditional cost-

henetit approach to the analysis of environmental regulation is an artifact of a “'static mindset™. Thev

point out that in a static world where technology. products. processes. and customer needs are taken

Fora summary of Key trade and environmental disputes and multitaterat agreements with trade provisions see
Appendin Cand Appendix D in Esty (1994),



fixed. environmental regulation inevitably will raise firms™ costs and reduce the market share of
regulated firms in the international market. In this world there is a contlict between ecology and the
ceonomy. These authors argue that the new paradigm of world competitiveness is a dynamic one. built
on innovation. In such a dynamic world. there is no such fixed trade-oft between the environment and
the economy.

Ihey claim that in a dynamic world in which innovation plays a crucial role. more stringent
environmental regulations might not make an industry less competitive in international markets. The
idea -- sometimes referred to as the Porter hypothesis -- s that tougher environmental regulations. it
properly: designed. may encourage firms to innovate greener technologies ahead of their rivals and
hence increase their long-run profits.

Stimulated innovation may enhance international competitiveness through otfsetting the cost of
complying with new regulation. The reasoning is as follows. Porter and van der Linde (19935a. p.122)
argue that pollution is equal to inctticiency. When resources are not used completely. or efticiently.
harmtul substances. or energy forms will be discharged into the environment as pollution. Thus.
innovation can simultancously reduce pollution and improve the productivity of resources.

Porter and van der Linde (1993a.b) categorize the innovation induced by environmental
regulations into two types. One type minimizes the cost of dealing with pollution once it occurs. Thus.
new technologies take the resources embodied in the pollution and convert them into some thing
valuable. For example. they (1993a. p.123) point out that new de-inking technologies was developed by
Fhermo Electron Corporation to allow more extensive use of reeveled paper.

The second type of innovation improves resource productivity and hence addresses the causes

ot pollution. For example. firms can improve the productivity of their resources by substituting for



more costly materials or by better utilizing of” existing ones. More productive use of inputs -- raw
materials and  energy - may ottset the cost of” improving environmental impact. This increase in
resource productivity makes tirms more competitive in international markets.

They present several case studies of sectors atfected by environmental regulations to show the
relationship - between environmental improvement. innovation. and resource productivity. They find
that when stimulated innovation brings other competitive benetits. the cost of compliance with
cnvironmental regulations can be minimized and in some cases climinated. For example. they (op cit)
present a case study ot the chemical sector in which only one activity out of 181 waste prevention
activities at 29 chemical plants resulted in a net cost inerease. OF the 70 activities. 68 reported increases
m product vields. To achieve these “innovation oflsets™. one-quarter of the 48 initiatives required no
capital investment at all. About two-thirds of the 38 initiatives recouped their initial investments in six
maonths or less. These show that innovation oflsets for these chemical plants were achieved with very
low investment and short pavback time. This study also found that waste disposal and environmental
regulation were the two main motivating causes tor source reduction activities. Al of the examples
presented by Porter and van der Linde (1993a.b) show that certain polluting companies were able to

. . . . . - {
reduce their emissions through innovations at relatively low cost '

2.3 The Environmental Movement
[he rise of the environmental movement in the last three decades in industrialized nations is one of

the main changes on the political scene of these countries. [n the North. environmental groups have

" For a counter argument see Palmer et al. (1993,
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heen able to influence the behavior of their national governments and stand firm against strong
industry [obbies.

The history of environmental movements in many industrialized countries can be traced to the
nineteenth cenwury.” The rise and decline of the environmental movement in industrialized countries
has been responsible for many changes in their environmental regulations. We will present some
historical examples here.

[t was between 1963 and 1973 that the world heard widespread news about dramatic
environmental disasters around the globe. This threatening environmental news. in addition to high
levels ot income and education among Northern citizens. boosted environmentalism throughout North
America. Japan. and West Europe. Hencee. this period witnessed an increase in both the number and size
of environmental organizations. By the mid-1970s. the environmental movement in the industrialized
world was influential enough to force the governments ot Northern countries to respond to the public’s
demand tor a healthier environment. Under political pressure exerted by the environmental movement
on - politicians. new environmental regulations were adopted by incumbent governments in the
industrialized world.

For example. in the tirst halt of the 1970s. the environmental movement was relatively strong in
lapan. Henceo despite fierce opposition from industry. the Japanese government adopted the world
toughest air pollution control and automotive emission standards. By 1973, Japanese industry spent 4.6
percent ofits total investment on pollution control. (Vogel. op cit. p.262)

After 1975, environmentalism lost its steam and hence became less politically influential in

Japan. As a result. the politicians -- mainly from the ruling conservative party. the LDP -- became more

“See Vogel. 1990,



triendly to industries. This had an impact on the behavior of firms in Japan. For example. in 1981 the
expenditure of Japanese tirms on pollution control was only one-third of what they had spent in 1975.
(Vogel. op cit. pp.263-6)

[n Canada. according to Macdonald (1991, p.31). the environmental movement has gone
through four distinct phases. In the first phasc. which started atter the tum of the century and lasted
untl 1943 the primary job of” environmentalist organizations such as the Federation of Ontario
Naturalists was o serve nature without entering into politics. The second phase covers the first two
decades atter 1945 in which the environmental movement still was not very strong and public interest
i the natural environment was mainly restricted to certain activities like camping trips and bird-
watching. The third phase. which started in 1960 and lasted until the carly 1970s. politicized the
environmental movement in Canada. The modern cra started in the carly 1970s. Macdonald (op cit.
p.32) argues that during this phase environmental politics moved to the center of Canadian political
fite. With these changes come the variation in politicians™ positions.

Between the mid-1970s and the mid-1980s. the environmental movement in Britain was less
mtluential compared to the business community. The British government was reluctant to put more
pressure on polluting industries. Margaret Fhatcher (the British prime minister at the time) once
deseribed environmentalists as “the enemy within.™ The British government was in favor of the least
restrictive limits on the production of CFCs. emissions of sulfur. and radiation in food. (Vogel. op cit.
P.267)

[n the late 1980s. Britain witnessed a change in the strength ot the environmental movement. In

1980, only 30 percent of those polled considered protecting the environment to be more important than

Vogel 1990, p.266.



keeping prices down: by 1983 the number had risen to 60 percent: and in 1988 to 74 per cent.(Vogel.
op cit. p 267) Tence. the position of the British government on environmental regulations changed
dramatcally in the late 1980s.  Thatcher also changed her position and argued that the health of the
ceconomy and the environment were interdependent. The British government considered environmental
problems such as acid rain and ozone laver depletion as important issues facing the world. The
development in Britain’s environmental politics and policies was partially brought about by pressures
from more organized national and international environmental movements.

[-nvironmental movements in other West European countries such as Germany (West Germany
at the tme). Sweden. France. and Austria also gained more strength during the second halt of the
F980s. As a result. the incumbent governments in furope became very active in fighting against water
and air pollution.

[n the U.AL some environmental organizations such as the Audubon Society (1886) and the
Sterra Club (1892) were established fong ago. However. while they were active in resource
conservation. wilderness and wildlite preservation. and cven anti-pollution work. they were not
mterested in lobbyving government. Atter the Second World War, some environmental problems. such
as radioactive materials disseminated by nuclear bomb tests. attracted the attention of the environmental
movement in North America. [t was only in the 1960s. however. that the environmentalists” concerns
turned into political actions. Old and newly  formed  green organizations tried to  politicize
environmental problems. In the carly 1970s. pollution became an important issue for the public to the

extent that it could not be ignored by the US. government.

For more discussion we reter the reader to Vogel (1990),



2.4 Modecling Trade-Environment Linkages
[he literature on trade and the environment is relatively: new and adverse in nature. The next two
sections present a survey of those parts ot the literature which are more relevant to our analysis --

- . . . . - . N
namely determination of environmental policy in open cconomies.

2.4.1 The Conventional Approach
Fhe conventional approach uses standard trade theories 1o study environmental issues. Dean (1992)
provides a thematic review of previous works on trade and environmental issues and Ulph (1994)
surveys recent analysis on environmental policy and international trade. Two main strands can be
distinguished in this literature.

One strand of the literature uses the conventional neoclassical trade theories in which producers
and consumers behave competitively and. depending on the size of ecconomy. governments may be able
o aftect world prices. It extends the results of traditional trade theories. in which comparative
advantage is the basis for international trade. o study  environmental problems. Effects of
environmental and trade policies on the pattern of trade have also been investigated.

Pethig (1976) introduces a simple pollution generating industry into a two-country. two-sector
ceneral equilibrium model. MceGuire (1982) incorporates environmental regulation into the theory of
production. distribution. and trade in a moditied two-sector. two-country Heckscher-Ohlin model to

study the effects on the environment of regulatory control under autarky and free trade.

" For a discussion on various trade and environmental issues. we refer the reader to the World Bank Discussion Paper
P20 edited by Low (1992) and The Greemme of World Trade Issues edited by Anderson and Blackhurst (1992). Bhagwati
and Hudee (1996, vol. 1 specially parts [T and VD also contains papers which treat  some important issues such as the so
valled “race to the bottom™ and the impact of environmental regulations on industry location.
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Sicbert etal. (1980) integrate pollution into production theory. They consider two possible ways
tor modeling the environment. First. they consider pollution as a Joint product of production activities
and separate abatement activitics from production. Second. they integrate production and abatement
mto @ single activity and consider environmental services as a tactor of production to determine
comparative advantage. They also analyze relationships among environmental quality. environmental
policy. and international trade. Markets are assumed o be pertectly competitive. Siebert (1983) also
uses traditional trade theory to see how environmental abundance or environmental scarcity atfects the
pattern of trade and studies the etfeet of environmental policy  on comparative advantage and the
tmpacts ot trade flows and factor mobility on the environment. Baumol and Oates (1988) use the
theory of externalities to analyze the problem of environmental policy design in general equilibrium.
Rauscher (1992) focuses on the changes in environmental quality induced by the reduction in
harriers tointernational  capital mobility as well as the issue of competitive environmental
degradation in which national governments strategically set environmental standards to maximize
soctal weltare -- an index that depends on both national income and environmental quality. Bhagwati
and Srinivasan (1996) show that ditterences in fundamentals can legitimate diversity of standards --
~uch as pollution charges -- among the countries. Henee. any change in the tundamentals resulted from
policy changes. according to them. will intluence the standards and mayv lead to harmonization or
divergence.” They consider a sequence of models in which pollution is considered as a production
externality that aftects welfare. These models ditter with respect to the nature of pollution. size of

ceonomies in question. abatement expenditure by countries. and policy objective.

We reter the readers to Bhagwati and Hudec (1996) tor turther discussion on whether a move toward harmonization is
4 prerequisite tor tree trade.
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Some researchers have attempted to introduce the environment into North-South trade. For
example. Copeland and Taylor (1994) develop a simple static Ricardian general equilibrium model of
North-South trade to analyze interactions between national income. pollution. and trade. They assume
that a benevolent planning authority in cach country sets pollution tax to offset the damage from
cmissions. Their paper shows that when the two countries produce a continuum of goods and differ in
pollution intensity. the higher income country  chooses tougher environmental regulation and
specializes in relatively clean goods. They also find that tree trade increases world pollution. while
growth in the South may have the opposite effect. [n their subsequent paper. Copland and Tavlor
(1995 address the issuc of trade and transhoundary pollution. They assume that all countries are
cqually exposed w0 a given unit of pollution. Their model. which is built on Copeland and Tavlor
(1994 allows them to examine how interaction between national income and trading opportunities
determines the fevel and incidence of world pollution. They find that when income difter significantly
across nations, free trade deteriorates the world environment. Furthermore. these researchers show that
mternational trade in pollution permits can improve the global environment. but united income transfers
may have no effect on world pollution. They also tind that when pollution policy is used to manipulate
the terms of trade it will not attect the global environment.

Chichilnisky (1994) formulates a general equilibrium model to analyze environmental problems
i the context of North-South trade. The model developed is a moditication of the Heckscher-Ohlin
model i which the supplies of inputs are price dependent. The environment is considered as one factor
ol production and is treated as an unregulated common property in the South. but as a private property
in the North. This paper shows that it the two regions (North and South) are identical in all respects but

the South does not have well-detined property rights over environmental resources. the North and



South will engage in trade. In this case. the North overconsumes underpriced imported environment-
intensive commodity  produced in the South. The difference in property rights is thus the basis for
trade among regions. In order to deal with the inetticient use of resources in the South. the author
suggests that property-rights policies might be more effective than taxing the use of resources.

The second strand o the literature. and also the most recent. applies the framework of strategic
trade theory to the analysis of environmental policy. This work  stresses producers’ strategic behavior in
an impertectly competitive industry. Most models developed in this literature consider the cases in
which  governments and producers act strategically. Governments behave strategically to shift rents
trom foreign producers to their domestic tirms. The work of Brander and Spencer (1983) constitutes
the basis for many of the models that link trade 1o strategic environmental policy. However. the results
derived from these models are not robust. For an exposition  of this approach. see Ulph and Ulph
(1994 and Barrett (1994). Ulph (1994) also provides a survey of this line of research.

Barrett (op cit) develops a basic model in which two governments and their respective
industries engage in a two-stage game. Governments act as Stackelberg  leaders and  choose
environmental standards while tirms follow by choosing ecither outputs or price levels. He shows that
sovernments may have an incentive to impose lax environmental regulations on their own industries
that compete in an impertectly competitive international market. Furthermore. industrial policy is
superior to environmental policy as a tool to improve competitiveness. Ulph and Ulph (op cit) provide a
general analysis of trade. strategic innovation by producers. and strategic environmental policy and
allow both governments and tirms to behave strategically. However. their results are not robust due to
the difficulties in signing certain terms in their comparative static exercises. They also point out how

spectal and restrictive is the existing strategic trade analyvsis.



2.4.2 The Political-Economy Approach

In a representative democracy. voters clect politicians. who then. in principle. represent the interests of
their constituents. In practice. however. a principal-agent problem arises because voters may not be
able o monitor or control the decisions of thetr agents. the politicians. Because of the low expected
henetit an individual voter might obtain from acquiring information of politician’s position. the
ndividual voter. according to Olson (1963). may rationally choose to be ignorant. [n representative
demaocracies. governments shape policies in response not only to the concerns ot the general electorate.
but also to the pressure applied by special-interest groups.

[nterest groups participate in the political process o intluence policy outcomes. Theyv oftfer
campaign contributions. endorse positions taken by candidates for political office. or put pressure on
politicians. Politicians respond to the incentives they face. making radeolts between tinancial and other
types of support that come from heeding the demands of interest groups.  against the alienation of
zeneral voters that may result from the implementation ot socially unpopular policies.

The games formulated in this thesis follow the research on the political cconomy  of
environmental policy that secks to explain the equilibrium outcome of the above political process. The
Hierature on the political cconomy of trade and the environment is vast. However. previous relevant
contributions to the analysis of environmental policy are relatively tew. Two different approaches are
prominent in the literature on the political cconomy ot environmental and trade policies.

One approach stresses political competition between two opposing candidates. Each candidate
articulates his own policy proposal. and interest groups evaluate the prospects of their members under

the alternatives proposed by the two opposing candidates. An interest group will contribute resources to



the candidate that promises its members the greatest gains. The two opposing candidates use the
resources they receive from interest groups to sway voters who are presumed to be rationally ignorant
about the candidates’ positions. The motivation tor political contributions in this setting is clearly to
influence the election outcome. This approach is suited for explaining broader issues. such as whether
trade will be liberalized or whether environmental concerns will be put before economic growth."

Brock and Magee (1978) analyze the interactions ot politicians and special-interest groups. [n
thetr model. interest groups gain economic return by contributing to political campaigns. These authors
consider two ditterent politicians who attempt to maximize their probability of election. Each politician
caleulates the response ot campaign contributions and voters o different tariff levels and then
announces his position. The politicians arce assumed to play a Cournot-Nash game against cach other.

Another example is tound in Magee et al. (1989). who introduce the concept of politically
ctlicient equilibrium. These researchers consider an action to be politically efficient if it increases the
chance of clection of one of the political paritics. They combine economics and political science to
create an approach called “endogenous policy theors.™ [n the first part of their book. they analyze the
hehavior of rationally ignorant voters. two lobbics. and two political partics in the context of partial
cquilibrium. In the second part. they analyze the probabilistic voting model of endogenous policy
theory from the general equilibrium perspective. [t is shown how interactions between two lobbies. two
political parties. and the rationally ignorant agents determine endogenous trade policy.

Mayer (1984) provides a short review of the process of tarift formation. He uses several models
tor studying the interactions of economic and political forces in determining a country”’s actual tariff, In

the context ot general equilibrium. Mayer (op cit) uses standard assumptions of the trade and public

“For an exposition of this approach. see Brock and Magee (1978). Magee et al. (1989). and Hillman and Ursprung (1992,
19094 ),
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choice theories to determine the taritt rate. A\ two-bv-two Hecksher-Ohline model and a many-
commadity model are used to derive the results. The paper shows that tarift rates depend on factor-
ownership distribution. voter cligibility and participation rules. the degree of tactor mobility. and
mdustry diversitication in the cconomy. It also demonstrates when a small minority of factor owners
can gain protection tor their industry under majority voting.

With the exception of the works of Hillman and Urspring (1992, 1994) none of these models
deals with the issue of trade and the environment linkages. Hillman and Ursprung (1992) use the
political competition approach to explain how the emergence ot environmentalists as an interest group
might influence the determination of trade policy when the production or consumption of a product has
an adverse environmental effect. The political support. in this model. is the relative share of campaign
contributions received tor protecting a domestic industry.  The contributions are made to intluence
candidates” clection prospects before the outcome of political competition is known. The candidates
choose trade policy 0 maximize their probability of heing clected. In their 1994 paper. Hillman and
Ursprung also develop a framework o investigate how environmental lobbies might influence the
determination of trade policy. The issue facing the environmentalists is to decide which of the two
candidates o support. one that is more protectionist or one which advocates more liberal trade policy.
[he model. however. only addresses trade policy and ignore. the determination of  environmental
policy.

The second approach. sometimes called the "political support” approach. was advanced by
Stigler (1971) who wanted to show why regulation is demanded by industry and is set primarily for its
henetit. This approach sees cconomic policies as being set by an incumbent government seeking to

maximize political support. The political support tunction is assumed to depend on the welfare of the
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terest groups involved and the deadweight loss imposed on society at large. According to this
approach. campaign contributions do not enter the analysis directly although they may be implicit in the
notion of support by interest groups. The incumbent government maximizes political support with the
apparent goal of getting reclected. Neither the election itselt nor the positions of potential rivals are
explicitly considered.

The political-support approach is utilized by Hillman (1982) to study endogenous protection.
I'his author studies the problem of protection for declining industries. The main concern is trade policy
which. by assumption. is determined in accord with the authorities™ political support. The paper shows
how in the political-support framework. the politicians™ perception of their own self-interest determines
the help that a specific tactor receives in a declining industry. However. Hillman (op cit) does not
analyze the behavior of interest groups in detail. and is not concerned about the issue of trade and
cnvironment interactions.

The political support approach has been refined by Grossman and Helpman (1994). who derive
the government’s objective function from more primitive  preferences defined  over campaign
contributions and voters™ weltare. In their model. the trade policy adopted by an incumbent government
is influenced by contributions ot special-interest groups. which are basically different industries. "’

This approach has been used very recently by Fredriksson (1997) and Aidt (1997) to study the
determination of environmental policy. They develop two ditferent versions of the model of Grossman
and Helpman (1994) to include pollution tax. Fredriksson (op c¢it) considers a small open competitive

ceconomy with two sectors: a polluting sector and a non-polluting one. The cconomy is populated by .\’

he literature on political economy ot trade policy is vast and diverse. T'o see other strands of the literature. we refer
the reader to Bhagwati (1982) and Feenstra et al. 11996y, However. as we have alreads mentioned. the tocus of our
attention in this thesis is not trade policy.



heterogeneous citizens.  All citizens have labor income. whereas only  environmentalists have
environmental concerns. and only industrialists have some factor income from production. Fredriksson
(op cit) assumes  that free trade prevails in both markets. Supply is a tunction of the producers price and
the world market price is fixed. The author shows how the pollution tax is determined. He also
mtroduces an abatement subsidy which is assumed to be exogenous in his model. whereas the tax rate
is set by the government. The paper finds that the cquilibrium poltution tax rate differs from the
Preouvian rate. Te also shows that the equilibrium pollution tax rate may decrease in the pollution
abatement subsidy. Aidt (op city develops a difterent version ot Grossman and Helpman (op cit) by
mtroducing an output externality in a small open cconomy model. Emission is assumed to be a by-
product of” production. There are k competitive sectors in the economy. Using constant return to scale
technology. cach sector employs labor and industry specitic capital in production. The government sets
the pollution tax to maximize its political support. The author finds that the politically optimal pollution
tax is difterent from the set of Pigouvian tax. The paper argues that organized sectors get a tax
discount.'”

'he assumption of a small open cconomy used by Fredriksson (op cit) and Aidt (op cit) is
highly restrictive. As Bhagwati and Srinivasan (1996. p.203) point out. the problem with the
assumption ot a small open cconomy' is that since the country is “small™ it will behave as if its share of
global outputs s negligible. hence it will consider that global pollution cannot be changed by its

cconomic activity. Since a small country takes the world prices as constant. there is no channel by

" Hahn (1989, 1990) uses a simple game tor a closed cconomy in which ditferent groups compete to obtain their
tavorite results regarding the choice of environmental targets. the selection of environmental instruments. etc.. The
sovernment maximizes a welfare function that is a weighted average of  utilities of different interest groups. The
contribution schedules and behavior of interest groups are not modeled in details and the government is considered as a
benevolent dictator.

(3]
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which it can intluence the goods prices in the rest of the world. In reality. many polluting firms
competing in an international market enjoy some sort of market power and their activities may have
signiticant domestic and transnational environmental impacts. Fredriksson (op cit) and Aidt (op cit) are
also silent about the determination of environmental policies in the context of North-South and North-
North refations. Firms in their models do not compete in an imperfect market and hence have no market
power. This restricts them to consider the cases in which firms behave strategically to shift rents from
torcign firms to themselves. The impact of environmental policies on lobby payoffs and environmental
quality when firms undertake environmental R&D investment is not tormulated. No transboundary
pollution is taken into consideration in these models. The outcome of sames might be very different
when environmental lobbies care about both home and the toreign environment and the emission
crosses the borders. Towever. no tormal model has been developed to bring all these dimensions

together. The next three chapters of this thesis formulate games to il these gaps in the literature.

2.5 Classification of Pollution for Economic Analysis
Although pollution is usually classitied under the headings air. water. and land. from the perspective of
cconomic analysis. it is more useful to identify pollution as being local. transboundary. or global. The
ceonomice classitication of pollution reflects the increasing complexity of the issue in terms of cost and
henetit caleulations as well as the shrinking number of instruments at the disposal ot a national
government for tackling environmental problems.'
The pollution is local it both its source and impact are confined to a single country. Because a

national government has complete jurisdiction over its own territory. it can tackle local-pollution

“Polluters are also classified as mobile versus SALIONArs - point versus non-point source: stock and tlow. See Devliln
and Gratton (1997, Chapter 2)



problems with a maximum degree of freedom. An array of policy instruments are at its disposal. such
as. taxes. subsidies. emission standards. product standards. and process standards. The World Trade
Organization (WTO) often maintains that a country has the right 1o choose whatever environmental
standards 1t desires as long as the damage is contained within its own borders. In their opposition to
unitorm environmental standards across trading nations. economists from the World Bank often argue
that the environments ot difterent countries have ditferent capacities to absorb pollutants and. therefore.
a unitorm standard across nations will not equalize marginal costs of pollution abatement. Furthermore.
it is also argued that the preferences of a nation tor a dirty or clean environment represents its tradeott
hetween income and environmental quality and should be respected.

Transboundary pollution is involved when the pollution generated in one country spills over
into another. Because the jurisdiction of national governments stops at their border. problems involving
transhoundary potlution are particularly difticult to solve. A nation that suffers from the impact of
pollution generated by another country has a legitimate interest in the environmental practices of the
latter. However. the damaged country often has little recourse o redress its grievances. The primary
cllect of national borders is to limit the instruments available to national governments. Short ot military
action. the only recourse left tor the attected country is o impose trade sanctions against the country
that is the source of the transboundary problem.

Global pollution. such as. the greenhouse cftect (caused by the burning of fossil fuels).
depletion of the ozone layer (caused by the refease into the atmosphere of chlorofluorocarbons
contained in acrosols or refrigeration products). pollution of the oceans. cte.. affects the entire planet.
Problems associated with the global commons arouse passion among environmentalists and are

extremely ditticult. i not impossible. to solve. The large number of nations involved and the vast array



ot issues to be negotiated mean that many vears of negotiation are required and the international
environmental agreements that result from this arduous process are tar trom being comprehensive. The
single largest impediment is the “free rider™ problem. Since all will benefit from the improvements
brought by an agreement. individual nations have an incentive to abstain the agreement. hoping to reap
its benetits without having to pay the costs. Frustration with the difficulty of negotiating international
environmental agreements is one ot the reasons for an upsurge of interest in the use of trade measures
toachieve environmental objectives. I it is not possible to speedily arrive at effective and
comprehensive treaties. then it becomes tempting for powertul countries to impose their preferences on
others through trade sanctions.

In the next chapter. we adopt the political support approach and formulate a game to explain
how environmental and trade policies are endogenously determined in an industrialized country that
engages ininternational trade with a developing country from the South. The impacts of an

cnvironmental lobby on the quality of the environment and tirms™ pavotts are also examined.



TRADE AND ENVIRONMENTAL POLICIES:
THE NORTH-SOUTH CASE

3.1 Introduction
North-South conflicts over the determination ol environmental standards and the use of “trade
measures” by the developed world against developing nations are among the most important issues
on the international scene. The industrialized countries of the North argue that production processes
in the South fail o meet advanced environmental standards practiced in the developed world. Not
only does this give companies operating in the South cost advantages over their rivals in the North.

but it also increases the degradation of the global environment. Thus. industrialized nations of the

&



North have a strong desire to impose their own environmental regulations upon the developing
countries of the South in order to “level the playing tield™ and prevent further damage to the world
environment.

Developing countries respond that many global environmental problems are a result of
emissions accumulated over the last three centuries ot economic activities by the industrialized
nations. Thus. they argue that the financial burden of mecting global environmental goals should
be borne by the developed world.  Leaders in the South believe that unless their countries are
compensated by those who bear moral responsibility tor environmental damages. it is unfair to ask
developing nations to forgo economic development or to bear additional costs to comply with the
North's environmental requirements.

he countries of the South are also suspicious ot the North's environmental interests. They
fear that the North is putting pressure on them tor upward harmonization to limit their access to
markets in the developed world. Hence. they consider new environmental requirements as disguises
tor protectionism.

(iiven the above differences. the fact that the southern countries have other budget priorities
than conservation programs or pollution controls. and that the North declines to compensate these
countries for costs borne by them for meeting advanced environmental requirements. the contlicts
spill over into the international trade scene. The rich industrialized countries use trade measures to
reinforce their environmental priorities and to protect their domestic producers. The South sees
unilaterally determined environmental policies of the North. supported by trade measures. as real

threats to its sovereignty and economic development programs.

&
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[n this chapter. we formulate a game between an industrialized country of the North and a
developing nation of the South. The implication ot the North-South assumption is that there is a
vocal environmental movement in the North that tries to influence its own government's policy on
the environment and that only the government of the industrialized country actively pursues
environmental and trade policies.

[-nvironmentalists are classitied cither as greens. when their concerns are local. or
supergreens. when their concerns are global. Only local environmental quality enters the utility
function of greens. As for supergreens. they care about environmental quality both at home and
abroad. In cach game. special-interest groups announce schedules ot political contributions --
tinancial contributions or blocks of votes -- to their own incumbent national government. For
example. a domestic firm might say to its incumbent national government that if it adopts a
particular taritt” or environmental regulation. then the firm might be willing to ofter a certain
amount ot campaign contributions. with the contributions varving according to the policies set by
the national government. This incumbent national government considers the political contributions
of the interest groups. with an eve on the possibility of tuture reclection. in setting policies. That is.
an - incumbent national government acts as a tollower in a Stackelberg game in relation to its
domestic special-interest groups. An equilibrium of such a game. playved by various special-interest
groups and the incumbent national government. then determines endogenously trade and
cnvironmental policies.

This chapter is organized as follows. [n Section 2. the model is presented. The game
formulated in this section follows the political cconomy approach advanced by Stigler (1971) using

the game-theoretic framework ot a first-price menu auction formulated by Bernheim and Whinston
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(1986). Section 3 presents the model under some specitic functional torms. This enables us to gain
more insights into trade and environmental policies. In Section 4. the model is solved for the case in
which the environmental lobby is a green and there is no transhoundary pollution. Section 3 studies
the example presented in the previous section in the context ot trade liberalization. In Section 6. we
solve the model under assumption of transboundary pollution. Section 7 analyzes the problem when

the environmentalist interest group is a supergreen. Section 8 contains some concluding remarks.

3.2 The Model
Consider a commodity whose inverse demand curve is represented by P q — ply). The demand
tunction pryy satisties prt)) =0 and ptg)- 1. Suppose that the market for this commodity is located
i a country -- called country 1-- and is served by onlv two tirms. with firm 1 located in country |
and tirm 2 located in another country -- called country 2. In what follows. country [ and country 2
will frequently be referred to as the home country and the toreign country., respectively.

The production activities of cach tirm generate a certain amount ot pollution. part of which
might cross the border and tlow into the other country. For each i=1.2. let ¢; be the output of firm /.
I'he total cost of producing ¢; and the pollution generated by ¢/ are denoted. respectively. by ¢jilg;)
and ¢jtyj). We assume that the total cost function ¢jrgj) satisties ¢l =0 citygp =0, ¢t 20,
Alsoclet ety ) be the transboundary pollution flowing from country / into country J, i=f. that arises
from the production activities of firm /. The total pollution inflicted on country 7 is thus given by

Nl g2) = eyl eifgi) - ety i=foig = 1.2
IF'or cach 7=1.2. the total pollution in country / is assumed to be a nonnegative increasing function of

the output levels ¢/ ¢ of the domestic and foreign firms. Let dj(x)) be the damage suffered by



country i when the level of pollution in this country is given by xj. In general. dj#dj because
ditferent environments have ditterent capacities tor absorbing pollutants.

Suppose that in the home country there exists a group ot environmentalists which actively
seeks to improve the quality of the environment. while in the toreign country such a group is
practically nonexistent. The existence of’ environmentalists as a special-interest group in the home
country can be attributed to the high income enjoved by its citizens and where the quality of the
cnvironment becomes more and more important when the country grows richer. In our model. the
toreign country might be a developing nation. which is more preoccupied with raising the income
ol its population than improving the quality of its own environment.

As aspecial-interest group. environmentalists in the home country behave like a single
agent that we call the representative  environmentalist. The utility of the representative
environmentalist is assumed to depend on the quality of the environment and the consumption of a
numeraire good:

L Xy X>) = mo-Hx ).
Fere mris the amount of the numcraire good consumed and Hx,.xs) is the disutility caused by the
pollution at home and abroad. The  disutility function A x,xs) is assumed to be differentiable.
comex. and a stricdy increasing in cach ol its arguments. A\ possible specitication of Hxpxs) 1s
obtained by assuming that & is additively separable in xv; and x.. say Hxx0)= 17, 8,(x)) + 72h(xs).
where 0.0 12,20 are two constants: 3(xy) and 3,(x5) denote. respectively. the disutilities caused

by the pollution at home and abroad. [t 77, = 0. the representative environmentalist cares only about



his own local environment and he will be classitied as a green. On the other hand. when 7,>0. his
concerns are more global. and he will be classified as a supergreen if 1> 1s significantly positive.

[ the representative environmentalist is a supergreen who considers pollution abroad to be
the same as poltution at home. then his disutility depends only on the sum X;=X>. In this case. one
can assume that Hx,.x2) = 0 (x;=xs). where ¢ is a continuously difterentiable. strictly increasing.
and strictly convex tunction of (x; =x.).

[t is assumed that trade and environmental policies are actively pursued only by the home
government. not the foreign government. Furthermore. the home government has two policy
mstruments: an emission tax and a taritt. We detine an environmental and trade policy by an
ordered pair (1.0). where T is the tax per unit of emission that the home government imposes on the
domestic firm. and 0 is the taritt it imposes on the torcign tirm. For two positive constants 7 and 0
the emission tax and the tarift are constrained to belong to the following intervals respectively. 72
c -0 and 0= 0 2 0. The home government has a utility function that depends on the political
contributions it receives and some measure ot social wellare. Following conventional applied
weltare cconomics. we assume that social welfare is given by the sum of consumer surplus.
producer surplus. and tax revenues minus the pollution damage.

The model is a three-stage game and its extensive torm is as follows. In the first stage. the
domestic firm announces its  political  contribution  schedule  f:(t.0) — fi(t.0) while the
representative environmentalist announces his political contribution schedule f2:(1.0) — f~5(1.0).
Here £1(t.) and f2(1.0) represent. respectively. the monetary pavotts that the domestic firm and the
representative environmentalist promise to offer to the home government. conditioned on the

chosen environmental and trade policies (t.0). For cach i=1.2. the political contribution schedule
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fi:tz0) = ficr.0) is assumed to be a nonnegative and continuous function of (7). In the second
stage. taking (/. f5) as given. the home government chooses  (1.0) to maximize its objective
function. We shall let (T £ ). 0°(f,./+)) denotes its best response. In the third stage. the home
government receives the political contributions £it't/,./2).0°(/,./4) and A(T°(/,.6).0°(/;./2)) promised
by the domestic tirm and the representative environmentalist. respectively. Also. the two firms.
wking (T £, 07 £,/ as given. choose their output levels to maximize protits. To analyze the

game. we begin with the last stage then move backward to the tirst stage.

The third stage

Suppose that (1.0) represents the environmental and trade policies chosen by the home government.
Faking (T.0) as given. the two firms choose their own output levels to maximize profits. If
(¢ 1T.0) ¢~ (1.0)) is the Cournot equilibrium. then

(h) ¢, (T0) =argmax [¢, py, - g2 (TON = ¢ (g) - T ey (g)]s
4

~

2 ¢~ (1.0) =argmax lg plyy (T0) = ¢ ) - calyga) - Ogyal. '
Y>
Letg (n0) = ¢, (1.0) = ¢~ (1.0) be the total output of” the two tirms under Cournot equilibrium.
Fhe profits of firm | and firm 2 are given. respectively. by
(3) TUT0) = ¢, (1) P non - ¢ (g, (TN - T ey, (T.0)) .

(4) T(T0) = g2 (10) plyg (0N - ¢ (g (T.0)) - 057 (1.0).

While the existence of impertect competition in the industry in question can be explained by some additional sunk
cost. it is excluded from our model because it does not play any role in our analy sis.



We can interpret (3) as payoff of the domestic firm gross of its political contribution and denote it
by o,. Also. let
(3) O-(T.0) = AT - 73 (x, (.00 - 17233007 (1.0))
he  the gross pavoft of the representative environmentalist. Here 7 denotes the representative
cnvironmentalist’s income -- expressed in the numéraire -- v, (1.0) = Xi(g; (1.0). g2 (1.0)). and
v T) = Y lgy (T.0), (/::(T.”)).

Under the Cournot equilibrium (¢, (7.0). ¢- (1.0 the consumer surplus. the producer

surplus. the tax revenues. and the pollution damage suftered by the home country are given.

respectively. by

(6) (T = f’ gy - gy g o,

) m-(T.0) = (/l::(T_U) Ply (T - il (TN - T c,(q,:('c.())).
(8) OT.0) =T ey, (10N -~ 0 g-(T0).

() o UT.0) = dix, (o)),

Henee. the otal welfare. conditioned on the policy choices (T.0). is given by

(10 NT0) =0 (T0) = O(T.0) = @Oy.0) - o (T.0).

\ssuming that the home government’s objective function is a linear tunction of the political
contributions and social welfare. we can write its utility. conditioned on f£,.£. 1. 0. as follows

(il [C A/ T0) = [T = e = [aet.0)).

where o0 1s a positive constant.
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The second stage

In the second stage. taking (f,./2) as given. the home government chooses (1.8) to maximize its
objective function. It we let W: (/,.£2) — M( £,./>) be the set of environmental and trade policies that
are best responses to (/;./,). then the home government's best response correspondence is detined by

(12 RS ) =argmax [ S 100
7.0

The Nash Equilibrium
A\ combination of strategics (/, . /- .t .0) is a Nash cquilibrium if the tollowing conditions are
satisfied:

a) The chosen environmental and trade policies (t7.07) represent the home government’s
hest response to £, and fr e (T 00E W £ f

by For ij"=1.2. j= " taking /,". as given and the reaction ot the home government into
account. a best political contribution schedule that lobby j can announce is /, More precisely. the
tollowing inequality must hold for any possible contribution schedule fy:

sup [ot.0)- fi(7.0)] S[(pi(t'_().) -//*(r..()' ).
(t.0ye N f f)

We observe that the inequality in by is sutlicient tor /i to be lobby j's best political
contribution schedule against /,".. the political contribution schedule of lobby j°. This inequality is
also necessary it /, ts best against /,'". Indeed. it this were not true. then one can tind a feasible

strategy f; and - an clement (t.0). which is a best response for the home government against fj. fj - .

/=7 such that
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[oi(T.0)- fitT.D] - [(Di(t..()-) -/,"(r'.()';|,
[1" lobby j adjusts f; by increasing its political contribution slightly at (t.0). then it can certainly
mduce the home government to choose  (1.0) as the best response. In this manner. lobby j’s net
paryoll'is higher at (1.0) than at (t.0"). which then implies that /," is not a best response to fj * and
the combination of strategies (/, . /- .t .07 ) cannot represent a Nash equilibrium.
I'he tollowing proposition gives a characterization of the Nash equilibria. The proposition is

aversion of Bernheim and Whinston (1986, [L.emma 2) that is modified to be used in the context of

our model.

PROPOSITION 1 L combination of srategies & =fp 2 0 07 is a Nash equilibrium if
and onlv it the following conditions are satisticd:

AT 0y S fpT 7
. . . . . .. * L 3 N 3 .
e the combination of environmenial and trade policies (2707 is a hest response to (f1 . 27) for
the home government.

hy Forceach i =12 j="

(705 = argmux [oi . th - /,"*/ St - en ]
wf

Lo given the political contribution schedule f of lobhy [ the combination of environmental and
trade policies (z°.07) maximizes the joint pavoff of lobhy j and the home government.
) For cach j=1.2. there exists a combination of environmental and trade policies. sav

PR L . ; * 4k
1 : ()/-*/, which is a hest response toif) . 121 such thar firg =10,
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- L Lk Lok Kk .
Proor: To prove the necessary part. suppose that & = (f] /> .= .0 ) is a Nash

Syer - - .. . . . ® ok .
cquilibrium. Then condition a) tollows immediately because (7. 0%) must be a best response for the
. .o -k . . - .

home government against (f7 . f27). To establish by, let us first analvze how tobby j chooses a best
. 3 . .. . .. - .

response to o f. Now if lobby i does not make any political contribution. then the home

covernment will solve the tollowing maximization problem:

~ -k

(13 max [f; (ot — aenzh] =
Y

v general. for any feasible strategy 20, the home government solves the following maximization

problem:

(14 max [fjrz0) - /,"*/ ol - aenzth).
=0

Because fj=0. the home government’s pay ot under problem (14) is always greater than or equal to
V. Indesigning a best response to f; . fobby' j -- the principal in this case -- should search for the
environmental and trade policies that maximize the joint pavolt ot itselt and the home government
then ofter to the government -- the agent -- just cnough political contributions to induce the latter
mto adopting the environmental and trade policies most advantageous to itself. Hence. lobby j tirst
must solve the following maximization problem:

(1) max [zt - f,'"*r R A Ul IR
o0

We shall let ¢ 7.0 ) be a solution of problem (13). To induce the home government into choosing

environmental and trade policies such as (7.0 ). lobby j can announce the following political

contribution schedule:

(16) f(T.0) = max|gjtt.0) - v . 0],
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Bernhetm and Whinston. op cit. called fatruthtul strategy. [f lobby j chooses _f', . it only aims for
anet payott equal to vy More precisely. it the gross pavott @;(t.0) talls short of the desired net
payott level vy this firm will not offer any political contributions. i.c.. f’/(r.@) = 0. On the other
hand. when the gross payott exceeds the desired net pavott level 1. all the excess. namely Pi(1.9)-
vi. will be offered to the home government. To show that  f is best against //* under the incentive
compatibility constraint that the home government’s payoft must be  greater than or equal to v we
proceed as tollows.

et (t.01 be a best response for the home government against ( /-, ,/,"*). If (.0} is a solution
of the maximization problem (13). the pavott for the home government is v. [ (1.8) is not a
solution of the maximization problem (13). then [ojrz ) - f,'-'*/r.()) - aw(Th) < v o+
I"urthermore. because the home government’s payolt is always greater than or equal to 7. it must
tollow that wjrz.6) - Vi in this case. Using the last result and (16). we assert that f’/(t.O) = (.
Hencee. the home government’s pavott'is equal to /,-'*/ oth - aex m6). which must then be equal to
- We have just shown that (7.0 ) is a best response o ( f i “*) for the home government.

Nexto we claim that using / In response o /,"* will give lobby j a net payott equal to V.
Indeed. let (t.0) be a combination of environmental and trade policies the home government

chooses n response 1o ( /.‘/ ,//'"*). [f / (t.0) - 0. then it follows directly from (16) that @ji(T.0) -
ft.0) = 17 = the domestic firm’s net payott. On the other hand. if f',(r.O) = (). then @) -

17 = . Furthermore. if the strict incquality holds. namely (7 0) - 15 < 0. then the net payoft for the

domestic firm in this case is @z 6) - 15 Also. in this case the home government obtains the level



of payott” . Lobby j can certainly avoid this situation by raising its political contributions at ( 7.8)
slightly from /(7.0 yw f (7.0 ) -« where « is positive but sufticiently small. Therefore. we
I - - ; - cod . o .
can always assume that it the domestic firm chooses / against fi . 1ts net pavott will be V.
. e e P - . . %
Having evaluated the payvott for lobby j if it plays f against fi . we shall now show that
h . . E . . - 8 . . .
f1s best against f; 7. To this end. let £ be any teasible strategy for lobby j and (1.0) a combination
- . .. . % -
of environmental and trade policies that are best against ¢ / ;). Then we must have Yo +
s - aonzth < v o~ t7. Furthermore. using its best response alwavs gives the home
government a payott level greater than or equal to v, Henee. ojrz0) - firt.0) < 1y showing that f
. . *
iy best against f; -
- - - - - . - . %k
Having proved that / . as defined by (161, is a hest strategy for lobby j to use against f;* .
* E I * . . ey . ~
we now return to our general goal to prove by, Because «fy /27707 is a Nash equilibrium. for
. P - e . Ed - % . .
cach )" =12 J=". £~ must be best against f;+7. Henee both /. and £, when plaved against f; .
must give lobby j the same net pavott. ic..
X # * *® *
(17 o Oy - 0T = g
. . o . “ye . . BN S * .
IFurthermore. because the home government’s payott under the Nash equilibrium (/7 J2 .t .07 s
areater than or equal to 7. we must have
* )k Sk ko k * ok
(18) Wil T 7 <fiT 0 w0 =y~ 2
Fogether (18) and (15) imply that

(19) (0N e argmax [@j .0 ~ //'*/ o) - amr)]
)



(20)) K5 0% ~ 5 0% = aon 0% =,
[he proot' ot b) is now complete.
cpe - PR . e * * . ~ . . .
['o prove ) tor each jj° =1.2. j=i". let 157,67 be a solution of the maximization problem
- . . ko k% e " * % . .
cE3) We claim that f7rg 7 077 =0 Indeed. it f; (577 0;) -0, then the home government's pavoff
will be = fi e 7= ittt chooses 57 07 instead of 12707, contradicting the fact that
i HC . P BN - . . .
(2 07 s best aganst (f7 /2. The proot ot the necessary part is now complete.
- . * # * £ 3 . . ~ .-
o prove the sutticiency part. let «f7 7. /27 2707 be a combination of strategy that satisties
B .. . .. £ N -
. byoand ¢) of the proposition. Condition a) asserts that (7. 07) is a best response of the home
covernment agamnst (f, .f2 ).
- B . Ed -
Fo show that /i~ is a best response against £+, we proceed by reductio ad  absurdum. To

this end. suppose that lobby j has a feasible strategy. say /. which is strictly better thanj/‘* against
fi Sl forsome (FL0)E W f ./,"*/ the tollowing strict inequality holds

(21 OLT.O0 - f (T o 0% 10,

Next. using b) we can assert that

(22) o f 0 - 1 F 0 - wen 0% oL 7.0~ /i HEF 0 -amF.0).

[t tollows trom (22) and (21) that

(23) Ui 502" 0%) = aan " 05 - 10500 - aox F.0)) 2
[p(T.0) -2 0% |1 F.00-1%0%)

[n the chain of incqualities (23). the strict inequality between the first expression and the last
expression allows us to write

(24 [/i*/r*.(l*/ - /,"*/r*./)*/ - (I(.')IT*.()*II N fAFL0) ‘f,'"*( 7.0)~ a 7.0)



. . .. . * )k . ok N .
Now by ¢) of the proposition there exists (g s Wt *) such that tor j=1.2. £ */ r/'*,Hj*/ =

0. 1e..
(23 /,"*/ r,’*. (},'*/ ~ e r/*. /),-*/ = /,'*r 0 - /,"*/ = 0% - aox 0%,
Using (23) 1n (24). we obtain

(201 /,"*/r/‘*.()/'*/ ~ e T/* (1,'*/ S0 - /,"*( .0 )~ aeX T .0 ).

- * k3
Because f 17 .I),' ) =00 we use (26) to assert that

M v.*

(27) PG O =15 0% e 0 O - N F D) - aax B.0),
Fhe left side of (27) is the payott the home covernment obtains if it chooses /17*. 6/'*) against
(/ ./,"*) while the right side of the same strict inequality is the pavott it obtains under the best
response to (£ ,//"*). This is clearly a contradiction. Theretore. /i'* 1s best against f; * The proot of
the sutticiency part is now complete. Q.E.D.
f.et us  consider a Nash cquilibrium (/7 /> - 0/ with the following properties. First.
(z .07 belongs to the interior of the set of feasible trade and environmental policies. Second. the
political-contribution schedules /77 and 7> are difterentiable in a neighborhood ot (t7.07). Under
these assumptions. the following first-order condition characterizes (1.07) as a best response to
YIANANRE
(28) /)fl'/r‘.()‘/ - I)/i'/r..()./ ~Denz ) -0,
Hereo Df is a veetor of partial derivatives of £, with respect to each of its arguments. Using
Proposition Th. we have the following first-order condition that characterizes (t.0°) as a
combination of environmental and trade policies that maximizes the joint payvoff of lobby j and the

home government. given fi- . jzj . the political-contribution schedule of lobby

|9}
(%)



(29) l)([},{z‘.. o) - D/i'-.lf._()'/ ~aDent ) =0, jj=1.2. B

[t tollows directly trom (28) and (29) that

(30) Doy F) =Df (o 0,

Equation (30) asserts that in a neighborhood of (2.0"). any increase (decrease) in the gross payoff
of lobby | is matched by an equal increase (decrease) in the political contributions that this lobby
makes to the home government. Using (30) in (28). we obtain the tollowing first-order condition
that characterizes the environmental and trade policies under the Nash equilibrium

(31 Dotz 01 =Dt (V) = auDens ) =0,

[ we are willing to make the assumptions that (7.0 belongs to the interior of the sct of teasible
environmental and trade policies and £, as well as f+ are differentiable in a neighborhood of (7. 0').
then (31) can be used to determine (7. 0).

To continue with the characterization ot Nash equilibrium. let us detine

132) v = max {aern z O]
0

(33 S =max e n ) < wen s O], j=1.2:
el

REY VO =max (@t oot - wen z O,
)

For any combination of strategies &= ¢f7. /> 2 0). let
Ol = UT O ~ [Tl ~ aont ).

Ol = -frrln =12



Having presented a general characterization of Nash equilibria. we now analvze the

payotts that the players obtain under equilibrium. To this end. let us consider a Nash equilibrium.

sav <= (f7 f2. 7.6 ). Under such an equilibrium. the home government's payoft is

(33) e 0)~ /i'/r'. )~ awic. )=
max [f, (z6) - f (zth - awir.O)] = max(aa(t.O)|= ™
o rd

[n (33). v™ is the maximum level of payoft that the home government -- considered as plaver
) -- can obtain it both the domestic firm -- considered as player | -- and the domestic
environmentalist -- considered as plaver 2 -- decide to make no political contributions at all. no
matter which environmental and trade policies are adopted.

By Proposition 1b. under the Nash equilibrium /7 .f>". 7.0 the joint payott of lobby j

and the home government is

(36) (pi(r'. 0 *,f,""/r-. )~ awr.0)=
max [@,/z0) — //‘"/z(}) —amO)] zmax{e( 0 - awnO)] = v™  forj=1.2.
) 0

[n (36). " represents the maximum attainable level of joint pavott for lobby / and the home
government it lobby j° decides to make no political contributions at all. regardless of the
cnvironmental and trade policies adopted by the home government.

The global payotf. i.e.. the joint pavott of the domestic firm. the domestic
cnvironmentalist. and the home government is given by

max
’
4 a2 -

(37) (pl/z". &)~ (p:/z". 0) - awr.0) < max [P O~ @(T.6) ~ aw( T 0))
17

(9]
(V4]



[n (37). v represents the globally efficient pavoft. i.c.. the maximum joint payvoff the three
players. namely the home government. the domestic tirm. and the domestic environmentalist. can

obtain. We summarize the results just obtained in the tollowing proposition.

PROPOSITION 2: Ler (i.=(/'/ *./j*. = 0% be u Nush equilibrium. Then the following
conditions must hold:

Do = /0. 01 ~f 05 00~ aon £ 0z

by o <) =gy r.8)- /i"/ r.)< A L Jg =120 =
CHD L) = ba( &) < e o
Now et

P=Eran) 0y

AN HIRTAY - HINAN TN . . ’l".l\ man
O e AL ) B G L T 1+ 1s< -

e oy . ! = TN “ 1.
In view of conditions a). b). and ¢) of Proposition 2. the set /’ which is obviously not empty.
contains all the vector of net pavotts for the domestic tirm and the domestic environmentalist

under equilibrium.

s
M.
(R
\ ‘.‘IZLI\
o man
Vi Vo
; M,
0 jnn RURAN s ,man ‘,'"J\ l'[
[ S| [ A e

12 "2 N
Figure I /’ = the Pareto Efticient Frontier of //= ED



\ possible depiction of /is represented by the arca OADEB in Figure 1. Because ( Vi - var)
. ( "T:II“:\ - "'H:I\ ’ < l’”l.l\

2 ) = vy the point Cis always below M, "M, ™. However. in general (1% - v )
- ( "’Irll.l‘\ - l'j:];l\

) might be greater or less than 170 -+ _and therefore. the point C might lie

above or below MM, In Figure [. we have depicted the case C is above M, M,.

Now in the case a = 0). i.e.. the home government gives no weight to social welfare. then
" =0, In this case v)}

is simply the maximum joint gross pavott attainable for the domestic

tirm and the domestic environmentalist

S

e =max fon- o)
/)

i

'he maximum gross payott attainable tor the domestic firm is

man man
1 =1

y L= max gy s o)
nl

['he maximum gross payvott attainable tor the home environmentalist is

l'ln.l\ —
B

= U= max o~ o).
w0

O

g
v Wi

Figure 2 Parcto Lfticient Frontier of //=/" = the single point C.



[n this particular case. M;"M;" coincides with M, M, and the point C now lies below M;M,. The
set /’is represented by the rectangle OACB in Figure 2. In Figure 3. we depict for the case the

point C is strictly befow M M.,

M.

LN FRLBAY

P

0] A

'X“.l\ . ML
Ve TV

Figure 3 /’ =Parcto Ltticient Frontier of //=!¢!

Because /' contains all the vector of net pavotts for the domestic firm and the domestic
cnvironmentalist. its Pareto Frontier is ot particular importance. We have just shown that this
Pareto Frontier is either a line segment -- when C lies strictly above MM, -- or a single point --
when C lies on or below MM,

The following proposition gives a constructive proof for the existence of a special type of
Nash Equiiibria -- The truthful Nash equilibria. The proposition is a version of Bernheim and

Whinston (1986. Theorem 2) which is moditied to be used in the context of our model.



PROPOSITION 3: Let (7 .01 he u combination of environmental and trade policies that
maximizes the joint pavoff of the home government and the two lobbies, ie.. (t .0 ) is a solution

of the following maximization problem:

1AN

max [QUr.O~ ool ~ amizth] = v
zl

Next. pick any celement. sav (l’|..l'3.). on the Puarcto efficient frontier of | then define the
follonving truthful seraregies for lobhy -

/i"/:()) = max [@i(z.0) - voon) =12
Then ofy . fs .2 071 is a Nash equilibrium. swhich is called a truthful Nash equilibrium because
the strategies used by the nwo lobbies ure truthful. Furthermore. under this truthful Nash
cquilibrium. the net pavolf for the domestic firm and the domestic environmentalist are 1',- and
vy Lrespectively. That s, any vector of net pavoffs on the Pareto cfficient frontier of 1 can be

supported by a mruthful Nash equilibrium.

PROOF . First. we show that under the combination of strategics (f, . £+ .7.07). 1 is the

~ 1
net payoff obtained by lobby j. Indeed. because (1 .14 ) is on the Pareto efticient frontier ot /2
we must have

v el e forj=1.2.

- "y

LN

1= (pi(z:.()./ - (pi~(r..()./ a0 LA

or equivalently

(38) (pi/r'.()'/ - l'l. e (A £.00 = amr.0)) >0, Ja =120 )=



Inequality (38) asserts that 1}' is indeed the net pavott that lobby j obtains under (f, ',_/5..2".9.).
[herefore. it (f, ./ .7.07) is a Nash equilibrium. it does support the vector of net payoffs
(v e’

To show that (/; . £ .07 )isa Nash equilibrium. we shall establish that this combination
of strategies satisties conditions a). b). and ¢) ot Proposition [. To prove that (7.6') is a best
response o (f; . £+ ). suppose that there exist a combination of environmental and trade policies.
say ( 7.0 ). such that the home government’s payott is strictly higher at (7. 0 ) than at (7 .6).
I.C..

(39) W CF. O = £ 0 = 5.0 - (5.0 = (5.0 - aon .6 =

LN

0 c.) - vl' + (-l .- 1':' ~aen s () = [ -l'l--l’:.

Observe that the equalities in (39) follow from the detinition of (f, . /j') and the results ¢ ( r.6)
=17 2000-(7.0) - 15 20, just established.
We shall now show that the strict inequality (39) is not possible. There are three
possibilities to consider:
(irBoth £, (7.0 )and f- 7.0 are strictly positive. In this case (39) becomes
OUF 0~ a0 - R S R TR
OUT. 0+ T O0) =~ T.0) - 1"

which is obviously impossible.

.6}y = 0. In this case. {39) becomes

il

(i) For jj"=1.2. j=i". £(Z.0) -0 butf.

PRLEAY

o T.0)- 1;. +a( T.0) - o v
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TR v - [y T )~ aXt.0 ] [P AT R
contradicting the hypothesis that (1 . )2/l

(i) /, ( T.0)=f2( 7.0 = 0. In this case. (39) becomes
ak T.0) > v o

(10) 1'1' - l’:- S BNARG70 By 0> A L
However. because (19 .15 ) belongs w /7. the Pareto trontier of /2 we must also have 1'[“'l’1.
- "™ Cwhich 1s not consistent with (40). We have just proved that (1.'..6') is a best
response that the home government may choose against (f; . £,

[.ct us now show that (ji-./i'.r..(').) satisfies condition b) of Proposition 1. It follows

directly from the definition of /i- that for any rz ).

Koo zoeeth - =ouzth-[ogz 00 - 10200

(41) ot 0) -~z =t (0.0 -1 100 2

s O e ot rc-amz ) (7.0 - f (.0 ~aw(r.0))]

[n ¢41). the second inequality is due to the fact that (7 .0/) is a best response that the home
covernment might choose against (f, . f, ). Rearranging the inequality between the first and last
expression in (41). we obtain

(42) o7 0) £ (0.0) —am(7.0) 2 0000 -1 (1.0 ~ awzO).

6l



The proof that the combination of strategies (f, ./ .7 .0") satisties condition b) of Proposition | is

now complete.

To show that (/ './3..r 07 also satisties condition ¢) of Proposition 1. let (7,.0,) be a
solution of the following maximization problem:

(+43) max|[aa O | = v
=0

T.,.-0,,) be a solution of the following maximization problem:

Cog-

PRAINAN

(+4) max{oy/ o) ~amz) | = " torj=1.2.

ot

FRLITAN ’l".l\

Now because (14 .15 ) belongs to /7. at least one of the inequalities 17 < v -

AR
A R

N nan PEIAAY ,man

v -7 must be binding. Let us consider first the case v = 70 -y [n this case. we

.

‘,:n.x‘\ _ l’ln.l\ — ‘,i. = (Di‘ :'..().) - /|-( _'"_().)_

N I

Hence.

L0y =0t~y et
[ we add £ T,-.0,0). which is nonnegative. to the right side of the preceding equality. we obtain
the following inequality
(43) [T 0) < -0l =00 0 = v = 1000,
We observe that (45) will be a strict inequality it'/i"(t..,-.(),,i-) 0.
Next. using the detinition of /i'-'.\\c obtain the following incquality

£ @O0 ) 2 0 (T ) = 1y =0 (T D) - 0 0.0 = 702 .00)



(406) [0T.0) < @i (T .0) - @) (T D) = £ (T O ).
Summing (43) and (46). we obtain

max

b O (T By ]+

- n
- RUNN

(47) K0V = f(0.0) <[-00 i 0) —od7.0) [+

[/i..(Tni*Qtn')*" fi".(t"v'-()ui')l =-aox 7 .0 )~ [/i'.(t"i"()“i') - /i".( T~ O0;) = O((’J(T()j"e()j')]-

Again. we remark that the inequality in (47) will be strict if /i"(r(,i-.('),,i-)>(). The inequality (47)
tmplies that the home government’s payott under (t,,-.0,;) is greater than or equal to that under
( 7.0). Because it has been established that (7.07) is best against (f; . /5'). we must have

(48) 1.8y =1 (c.0) -amr.0) = £t o) = £ Toi-Bop) = o (t;-.04;)

_ l,m.n\ RIBIN

and theretore. £ ¢ 1040 = 0. We have just shown that it v = ¢50 - 0™ | then (To;-Onj) 1s a
hest response for the home government against (f, . /) and £ ( T;.0,,) = 0.
Next. consider the case v =15 =1")Y - 1*™" | In this casc. we can write

FLITASE. LA
o2 u

R A N/ N I A a7 A RN NS S/ S
KT O =120 =00 c.0) =0 (2.0 11" =™ = g .0 ) =1
[Henee.
(49) .0 <00 —aoc.0) = v
Now using the detinition of (1,,.0,,) and the fact that /i";\(). /i?';‘() we have
(30) VI = ae 10.00) < 1 (0000 = £ (10040 = de(T.0,).
We remark that inequality (50) will be strict if either /i"(r(,.()..) >0 or /i'~'(t,..9“)>0. Combining (49)
and (50). we obtain the following inequality

(1) /i'-( r.0) +_/i'-'( r.0)-am(r.0)< /i"(r.,.().,) *_/i?.(t(,.(),,) ~ ao(Ty.00).



t.c.. the home government’s payott at (t,.0,) is at least as high as that at (7.6 ). Therefore.

(t..0,) is also a best response that the government might use against Ui - f,) Furthermore.

because strict inequality can never hold in (31). we must have /i"(r‘,.O.,) = fi'-'(t(,.O(,) = (. We have
,IH.I\ 'HI.I\

just shown that it 1} =15 =1 wa = vl sthen (t,.0,) 1s a best response against (/i"._/i'~.) arld_/j"(ro.e(,)

= f-,~'(r.,.('),,) = 0. The proot that the combination of strategics (j;..fl..r'.ﬂ') satisfies ¢) of

Proposition | is now complete and so is the proot of Proposition 3. Q.E.D.

DEFINITION: A Nash equilibrium ¢ is said to be Pareto etticient for the two domestic lobbies
it there exist no Nash equilibrium & such that oy V) < o ¢’ for j=1.2. with at least one
strict inequality holding.

We shall only accept as a solution of the game a Nash cquilibrium that is Pareto efficient

tor the two lobbies.

PROPOSITION 4: Ler & = tf) f2 .2 (7 ) he u Nush equilibrium that is Pareto efficient for
the domestic firm and the domestic environmentalist. Also, let v, and 1> be the net pavoffs for
the domestic firm and the domestic environmentalist. respectivelyv. Then the following results
hold:

a (T .0) & argmax[p(t.0) - 0-(1.0) — vent.hl.
7.0

i.c.. the combination of environmental and trade policies (v .0 ) is globally efficient in the sense
that it maximizes the joint pavoff of the home  government, the domestic firm. and the domestic

cnvironmentalist.
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hy The vector of net payoffs for the domestic firm and the domestic environmentalist, namely

(v v helongs to the Pareto efficient frontier of |

 If (e =R ) =S - e ™™ then the ner pavolfs for the home government.
the domestic firm. and the domestic environmentalist are unique and given. respectively, hy

LTI

) o = AN O A

Giir e &) = e e
(itis ot &)

h Af VT N v vt 20T e dhen the pavoff for the home government is
unigue and given by

FRINAY
t

tir gor ¥ =1
the same level of pavolf it obtains by including only social welfare in its objective function. On the
other hand. the net pavoffs for the nwvo domestic special-interest groups are not unique hut
constitute a line segment detined by the following conditions

.. , o K * m. ma
(i) P& ) — @& =0 - e

, K m. .
',[’[, (01(\" , S ‘,‘:lll:\ B "‘T“l\ .

s ¥ RUEN NN
(V) (S ) S o=

ProoF: By a) and b) of Proposition 2. (1, .y must belong to /2 If ( v .v2 e M. then we

can find (. . )e/ with ©, 219", .2 and i, ~ -, =1, ~1=". Invoking Proposition 3 we can

then assert the existence of a truthful Nash equilibrium under which the net pavoffs for the



domestic firm and the domestic environmentalist are given by 1+, and 1'.. respectively.

1

contradicting the hypothesis that ¢ is  Parcto etficient for these two playvers. Part b) of the

proposition is now established.

To cstablish a) of the Proposition. let us first consider the case v, ~1- = R
Because the home  government’s pavott is always greater than or equal to ™ | in this case we

must have
o - /i (0 - /3'(1".()-) et O - TR T
Ihus.

~ N,

(p,(r._t)-) - (p:(t..()') - u(-)(r..().) B

Henee a) must be true in this case. Next. let us consider the case v = 1> - s - v L Because
(v 1) has been shown to belong to the Pareto frontier of /! we must have 1 = v - iy and
o= et e D According to by of Proposition | and (36). we have

(o,(r'_()') - fi.(t-.().) ~am(t .02 A

Ot 0 - /,'(1".(').) - fl'(t'.()') - /:.(r..().) = aent 0D et
- 0 = AT maet 02 e

- /I.(r'.()') -y - /j.(T-.().) ~ et 0> - TR
[hus.

(LAY

ot .00 - (o:(r'.()-) ~ et 00> e
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¢.. the combination of environmental and trade policies (t .07 ) maximizes the joint pavott of the
domestic firm. the domestic environmentalist. and the home government. The proof of a) is now
complete.

o establish part ¢) of” the Proposition we claim that it ( A A R B A T S T

" "2 o2

v then v - v = (b,/(i*/ o NAE AT - ™ Indeed. it this is not the case. then either
o e o e™ which is not possible or - = I - e U In the latter case. since
(1~ 1=)e/’. we must have 1, < e - and e % e - e L Hence. ( R Tl B
v 2 eI =™ ) which contradicts the hypothesis of ¢). Henee. 1 = 10 =< s - ™ L In this
case. sinee (v 1) belongs to the Pareto frontier of /! we must have 1, = eI e and s =
0 - Henee. we can write

(T .0 - O-(T .07) = we(t .07y =

oAt .0 - O-(T .0 )= 17 -1 —ge(t.00) = T TR

AT 00 = A0 —ue 07 = T e e L ey
[us.

O &)= e - eI - et
Hence the proof for ¢-1) is complete.

To establish parts c-i1) and c¢-iii) from part c-i) we know that 1, - T Y =™ Thus. we

IABAN RIRTAN man ALY

and v = ¢ o which are cquivalent to ¢,( &) =0t - v and

AN MaN

must have 1, = 70 -

LINAN tan

o) = v v =" U Theretore. the proof of part ¢) is complete.
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To establish part d) of the proposition let us start with d-ii). We claim that if ( v™ - ™ )+

012 01

(1 RN JRAIREN ~ 4 TN JRUEL l . LT . < ¥ o . . AN L Iman [ d’ s [
Vosev e -v 0 then vy Vo E0E ) ety = v, - v Indeed. it this is not
the case. then either vy = > - 0 - ™ Dwhich is not possible or 1 = 12 -2 PPN L M fp (he
latter case. since (14 .v2 )€/’ . one must have v, = VI - and v o= el - ™ Hence. ( T

R =0T e (e <™ ) which contradicts the hypothesis ot d-ii).

Henceo v = =000 - ¢ L as desired. Furthermore. since (14 1> )e /). we must have
voos e and s < el - Thus. d-ii and d-iv) are also established.

Finally. we prove d-i) of the proposition. From d-if). we know that 1 = 10 =™ o pmay

Moreover.since & = (fy .f> . 7.0 is a Nash equilibrium and (v, . 1> )e/’. we can write

v =0T 00) A (0T 0T 0T - Ty = e e

/I.(‘r‘.“-) - /i.(f'.()-) = (D[<t..()-) N (n:(r-.()) . ‘,.:!il; _ l'l‘l.l\ - . (L(.)(-r.i).) _ l’ft“\ '
Henee.
LAT00) - A0 ot 07 =

Part d) ol the proposition is now established. Q.E.D.

According o Proposition 4b. the net payofts received by the domestic firm and the
representative environmentalist under a Nash equilibrium that is Pareto efficient tor these two
lobbies belong to the Pareto efficient frontier of /7. Furthermore. according to Proposition 3 any
point on Parcto etticient frontier of” /7 can be supported by a truthtul Nash equilibrium. which is

obviously Pareto efticient for the two lobbies. Also. what matters tor a lobby is its net pavoft. not
3 ) pay
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how the net payott is obtained. Therefore. one can concentrate on the truthful Nash equilibria in
scarching tor a solution of the game.

To gain some understanding concerning the impact of the environmental lobby on
environmental and trade policies. let us imagine a stage on which is found only the home

covernment at the beginning. Without any special-interest group on  the . the home

&

73
o
2]

cen

,man

covernment solves the weltare-maximizing problem (32) and obtain the pavott level 7
Assuming that the problem has a unique solution. let us denote by (7, 6,) the combination of
environmental and trade policies that maximizes social welfare.

Next. et us add the domestic firm to the scene. We now have a game consisting ot two
players. namely the home government and the domestic tirm. The domestic firm -- the principal in
this case -- will try to design a political contribution schedule that induces the home government --
the agent -- into adopting a combination of environmental and trade policies most advantageous to
itselt. In designing such a strategy. the domestic firm must take into account the incentive
compatibility constraint that the political contribution schedule it announces must give the home

RINAN

covernment at least a pavott equal to v the pavott level that the home government can

cuarantee itselt by including only social weltare in its objective function and choosing the

combination of environmental and trade policies (7, f,). Hence the maximum net pavolT that the
LTSN i

domestic tirm can obtain is v} -7 Cwhere v L as defined by (33). is the maximum joint

payotl’ for the domestic firm and the home government if the home government ignores

completely the political contribution of the environmental lobby. Recall that (z,,.4,,) is the

combination of environmental and trade policies. assumed to be unique. that maximizes this joint

69



payott. ic.. (5,.6,) is the solution of the maximization problem in (33). An optimal strategy for
the domestic firm in this principal-agent game is the following political-contribution schedule:
FH(T0) = max[@(T.0) - (v - 0L

\s its best response to f7. the home government will choose (z,.6,) and obtain the payoff

N raN ALUNAY

P10 00 = ao oy 6y) = 1 . As tor the domestic tirm. its net pavott will be v -

Finally. let us bring the domestic environmentalist on the scene. Now it the environmental
lobby retuses to join the domestic firm in making political contributions to the home government.
then the principal-agent game played by the domestic tirm and the home government will result in
the combination of environmental and trade policics ( z,,. £,,) being chosen. Under such a scenario.
the net payott tor the environmentalist lobby is o+( ;. €,,). On the other hand. it the environmental
lobby decides to join the domestic firm in making political contribution to the home government.
let & = «f; f>. 7.0 be a Nash equilibrium under this scenario. It is obvious that the second
scenario will only happen it the net payoft for the environmental lobby under the Nash equilibrium

coexeeeds s g, ). e !

(32) @ ( (i!)z(Dg( - Oh).

PROPOSITION 3: Ler & = (f1 f2 . 2.0 he a Nush equilibrium under which the political
contribution of the environmenial lohby is positive and for which (32 holds. Then we have the

following results

) If the environmental lobby cares only about its local environment. then

X (r.0) < X (5.0
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Lo the quality of the home environment rises when the environmental lobby joins the domestic
firnt in muking political contributions to the home government.
hy If the environmental lobby is a superareen. which cares as much abour the Sforeign
cavironment as abour the local environment. then
XUUT ) =300 0 ) X, (g Oug)= X (5. Oy,

e the qualine of the global environment rises with the emergence of the environmental lobbhy..

Proor: Ina more explicit manner. inequality (32) can be written as follows
(33) B fs 07 0 =30 (0 053 (20700 2 51 - Kx; g On).X2 5y, O ).
Now if the environmental lobbyv’s political contribution under & is positive. i.c.. if /5'(r.. g )>0.
then it follows directly trom (33) that
(34) S, (0.0, X/ T A G XS (3 O,

[t the environmental lobby only cares about its own local environment. then (34) implies that
X, 7.0 x, (7.0, and a) must hold.

[f" the environmental lobby is a supergreen which cares only about the sum of pollution at
home and abroad. then (34) implies that x, (7.0 )~ x.r0 ()~ X (a0 —x> (7.0, and b)

must hold. Q.E.D.

Having shown how the emergence of the environmental lobby aftects the local and global
environments. fet us now consider its impact on the net pavott of the domestic tirm. There are two

possibilities to consider.

FFirst. it
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then by Proposition 4¢. the net pavott for the domestic firm under the Nash equilibrium & is

- BIN] 34 7% *l'
(30) T - = (L)

Using (33) and (36). we obtain the tollowing inequality
(37) R T W)

F'he expression on the left side of incquality (37) represents the domestic tirm’s net payoft before
the emergence of the environmental lobby. We have just shown that if (33) holds. then the
emergence ol the environmental lobby has a negative impact on the net payvott of the domestic

firm.

On the other hand. iff

"”.I\ "H.l\ — "H.I\ ’l".l\ ~. "”.l‘. . LAMAN
R R Ry A L L I

then by Proposition 4d. we have
(38) YN = () oa .
(39) TS 2 0t ),
Let us rewrite £38) as tollows

ety " man e
(60) D) == )=l -]

['sing (39) in (60). we obtain the following inequality

AN AN PRLLBAY

(o) D) 2 vy
the emergence ol the environmental lobby has a positive cffect on the net payvoft of the

1.C..

Jdomestic firm. This result scems to be paradoxical. However. some retlection might be sufficient



to convince the reader that the result is quite plausible. [ntuitively. one expects that the emergence
of the environmental lobby will induce the home government to move away from (rg).6,) with
ensuing deleterious effects on the protits of the domestic firm. However. because the home
government’s payolt remains the same after the emergence of the environmental lobby. it is
possible. at least in theory. that the best response to the environmental lobby’s strategy for the
domestic firm is to reduce its political contribution. The end result might be an increase in the net
payoft for the domestic firm. Another possibility is that the new environmental and trade policies
(Le. 5,; and 64 raise the firm’s revenue to the extent that it compensates tor the cost.'! The end
result might be an increase in the net pavolt for the domestic tirm. We summarize the results just

obtamed in the tollowing proposition.

PROPOSITION 6: The emergence of the environmental lobby will have a negative impact on
the net payotf of the domestic firm if the following inequaline holds:
. aN an man . an . N
A N R A L A LA .

O the other hand. if the direction of this inequality is reversed. then the net pavoff for the

domestic firmwill rise with the emergence of the environmenial lohby.

When more explicit functional forms are introduced to the thesis. the above proposition will be
used extensively to evaluate the changes in the net payott of the domestic firm with the emergence
ol environmental group. Finally. let us consider the impact of the environmental lobby on the

government.

As we will see later in this chapter and the following chapter. in the case of transboundary pollution the emergence
o a supergreen environmental lobby might increase a domestic tirm’s protit.



PROPOSITION 7: Let & = «fp f> .60 he a Nush equilibrium the emergence of the
civironmental lobby either increases or has no impact on the pavoff of the home government.

More precisely. we have the following resulty:

(I’ /f ’ ‘,'Tl‘.l:\ - l‘HLI\ /‘_’ "IHJ\ - "ZY‘I‘.I\

IR RININ
ol "2 N

S v vy then the governament's pavoff under the
A

Naush cquilibrivm & is given hy

[RAMAN

L
Pyl &) =,

FAFIAY

where, we recdll. v s the pavoff level it obtains by ignoring completely all the political
contributions in ihe calculations of its utilin or the pavoff level it obtains in the principal-agent
games it plays with the domestic firm. The home government gains no extra revard through its
“cooperation with the nwo special-interest groups.”

P df e - e e e e Y Ny then the home government s pavoff rises with
the emergence of the environmental lobhy. More specially the home government s pavoff under the
Nash equilibrium &5 is given hy

b = L L I L

In the next section we will introduced some tunctional torms. This will enable us to obtain

more explicit results and present some numerical examples.



3.3 The Model Under Some Special Functional Forms
Fo gain more insights about trade and environmental policies. we shall introduce some specific

tunctional torms tor demand and cost conditions as well as for pollution.

Consumers’ Demand Curve

Following the literature on strategic trade (Brander and Spencer (1984) and Dixit (1988)). we
assume the following inverse demand tunction for the good in question

(60) plryr=d - .

where ¢ is the quantity demanded and prys is the price corresponding to g.

Producers’ profits
IFor the domestic firm —tirm | - and the forcign tirm - tirm 2 - their cost function and emission
function are assumed to be identical and have the tollowing forms. respectively:
(67) cly) =y, ety =y, tori =12,
where ¢ and ¢ are positive constants. Given the output of firm 2. say ¢». the profit-maximizing
output level of tirm 1 is
¢\F =la-qr -c-18) 2.
Similarly. given the output of tirm 1L say ¢,. the profit-maximizing output level of firm 2 is
¢-7 =la-q) -c-0) 2.
[ (7.00) is the combination of environmental and trade policies chosen by the home government.

then the Cournot equilibrium is represented by



(68a) ¢ TO) =(u-c - 0-1te) 5

(68b) ¢OHT0) =(u-c-20 - 103,

We observe that the output of tirm | (firm 2) is decreasing (increasing) in the emission tax and
increasing (decreasing) in the tarift. Using (68). we obtain the following profits ~ in terms of the
environmental and trade policies - for tfirm | and firm 2. respectively

(69a) (@-c=0-2te) 0.

(69h) (a-c¢-20 -1 9.

Depending on the value of the parameters. the protit of cach tirm can be decreasing or increasing

in emission tax and taritt,

Social Welfare

[.ct us begin with the damage function. For ij=/.2: i=f. let ¢ji(qj)= pijeyi be the transboundary
pollution flowing from country 7 into country /. The total pollution inflicted on country i is then
civen by

(70) Nty gp) = - pipyey = pjioeyj i=oi) = 12,

where O pjjpyi 1. The transboundary ettects are captured by parameter pij- When p;=0. no

pollution flows from country 7 into country /. Total pollution in cach country can be obtained by

substituting (68) into (70). Thus.

LI

( 7 1 a) Xy :':( T.(‘)) = [ﬂ l'/ﬂ]: I a'L'*”’_’r&')"/)zl( U'L".?O"'Tg)lr'

s)

(71h) LFT) = [ -y Na-c-20 -t =py sa-c =0-218)| 3.
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Bearing in mind that there is a positive relation between the environmental damage and
the level of pollution. ie.. dj (xj)-0 and. furthermore. assuming that di (xj)>0. the following
tunctional torm is suggested for j(x})

(72) dilxj) = xj=.

Using (66) and (68). we obtain the following expression for consumer surplus
(73) D (T0) = (1 18)(2u-2c-te-0)".

[« is sutticiently large. the above tunction is decreasing in (1.0).

Using (67) and (68). we obtain the tollowing expression for tax revenue
(74 M:T.0) = Tea-c = 20-218) 3 - O(a-¢-20) 3.

The weltare loss due to the damage made by polluting firms to the environment of the
home country is given by
(73) 0dT.0) = (& Dta-crtl-pys =ps=t1-pys 2160 = pa (1£-20) Il.

Pepending on the amount of pollution that the two countries transter to cach other -- captured by
2 and pyy == o can be decreasing or inereasing in (t.0). In the special case when there is no
transhoundary pollution (i.c.. p2=p%,=0). @11 is decreasing in t and increasing in 6.

Sacial welfare also includes the tollowing producer surplus
(76) o T.0) =(a-¢ - 0- e 9.
which is basically the profit of the domestic firm in terms ot trade and environmental policies.

While we follow the tradition by including both consumer surplus and producer surplus
in the social weltare. one should note that since in our model the domestic tirm operates in an

impertect competitive market it can take care of itself. Indeed. by including producer surplus in
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the total welfare. the incumbent government attaches a higher weight to the payvoff of the
domestic firm. Thus. in this case. o is not the weltare of ordinary voters but is a proxy for social
welfare. The home government might put higher weight on the pavoft of the domestic firm for
ditferent reasons: for example. they might consider ~“job™ to be a big issue in the upcoming
clection.

After adding  the various compoenents of social welfare. we  obtain the tollowing
expression tor total welfare

(77 Ty =1 I8 O60(-¢ ~te=20) f_‘u-_’c—r.':-()):~2(u—c—()-lts)(u-c*rg -0)=
26 [a-¢=20) 3= (& Nu=c ~Ta=200 1y )=p) Wa-c=0-218)]") .
F2u T

which can be increasing or decreasing in policy variables. depending on the values of the

parameters.

The environmentalist’s pavoff

I'he wtility of the representative environmentalist is assumed to be a function ot the quality of
the environment and the consumption ot” a numéraire good. The tollowing form is proposed for
the disutlity tunction:

(78) Jjixp)= /.\',‘/:

By substituting (71) into (78). we obtain the following expression tor the gross welfare of the
representative environmentalist

(79) 0-(1.0) = m - ny [ b-pp-0a-¢-0-2 .';)’p:l(u-c-.’()*u')]r”_’»]:
- Nalal-ps Na-c-20-1)~py sla-c=0-216) 3]

Now let (1.0 ) be a solution of the following maximization problem
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(80) max{e(1.0) ~@es(t.0)~aet.0)]
7.0

and (17 21571 be a point on the Pareto efficient fronticr of /° Next. let 7, and /2" be two truthful
political contribution schedules defined as tollows

£ (1) = max[o,(T.0)-1, .0).

/:.(r.O) = max{o(t.0)- l':'_()l.
By Proposition 3. the list & = ¢f7 /2. 7.0 is a truthtul Nash cquilibrium. When we let (1, .15")
range over the Pareto efticient trontier of » and (. ¢)) range over the set of solutions of (81). we
obtain all the truthtul Nash equilibria of the game. It we assume that (80) has an interior solution.
then « .0 satisties the tollowing first-order condition
iST) Dy (7. 0) <Dyos( 2.0y ~uDyent = 07 =0,

D20 (7.07) =Dt = 0 ) ~uDaer( 707 )=0),
Here. Djojois the partial derivative of @7 with respect to the ith argument. 7./=1.2. Under the
tunctional forms we assume. (81) is a svstem ot two linear cquations in two unknowns 7 and 6.
Phis system can be solved to vield

¥ (u—), —Sv.‘."(”:’,\:,—l N2 ¢ F=r O =7 D222 =30~ =13 =1p N3 =200

2 =2 (e = 265 (L VR = =D =530 =tp A d=np =10 K v =307,
(82)

* (u=c), -I—z.':(p:‘p:,—l 2 =gy Gy =y =D=l=ag =20 Al ag =1 X 2, -2l

f ‘2'-},:(/)13*'[}” -2 Tt V1 s = =D =3=3m =1 A1y~ K =300 )]
Because (82) is the only solution of (81). the environmental and trade policies under truthful

Nash equilibrium are unique. Observe that it £ =( £,/ .7 .4 ) is a Nash equilibrium which is
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not necessarily truthtul and that ( 7.4 ) is an interior solution. then by (31). (7.4 ) also satisfies
the first-order condition (81). i.e.. (7.0 ) = (7.0). However. (81) alone is not sufficient to
determine / and /.. Therefore. to obtain a solution of the game. i.c.. the environmental and
trade policies as well as the political contribution schedules. one must look for a truthful Nash
cquilibrium.

Given a. (82) shows that in equilibrium the emission tax t and tariff 8° depend on the
cost per unit of output. ¢: the emission per unit of output. & the weight that the incumbent
sovernment of the Northern country attaches to social weltare. o -- which for simplicity has been
set equal to one in this exercise: the amount of the emission spillovers trom one country to the

other g3, (7). and the type of environmentalist captured by n; and 1y-.

3.4 Green Model without Transhoundary Pollution
[.et us take a simple case in which there is no transboundary pollution (i.c..9-=p~,=0) and the
representative environmentalist is a green (e n-=0). For simplicity. we also assume that the

weight attached to the social weltare by the home  government. «. is one. Thus. by setting p)-.

/- and > equal to zero and n; and o equal to one in (82) we obtain

* lu—c)(—3~—l.'.':)
(83) 012 T s(=-2 YRR °

« (a=—ci =1=20")
(N—l) /}”l: - _:-(),l":
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Giiven a. the environmental and trade policies depend on the cost and emission per unit of output.
By substituting (83) and (84) into (69a) and (71a). the protit of the domestic firm and the damage
to the home environment are. respectively.

(83) Myl f«n:‘.dn:.) = (a-c) (2657

{86) AR z;,l:-, (}‘,,:.)) = &7 (u-c) (2-657)

Next. we eliminate the environmental lobby from the model. The cquilibrium emission tax and

taritl for the game consisting only of the home government and the domestic firm are given by

* _ (d—c N =3-2u7)
(87) o1 T IR .

© u-e-l-s7)
(88) o1 = A 3.1 -

In this case. the profit of the domestic tirm and the damage to the environment of the home
country are. respectively.

(89) Oty Oy ) = (a=c) (2-3:)

(90)) AU Cry O 1) = =) (2-365)

satisfied. then (83). (84). (87). and (88) are all interior solutions. For remaining section we shall
assume that & -1.2235,

A comparison of (83-84) and (87-88) allows us to assert that 7,,» -7, and Oy =6, .
One can also see that @7, .6, ) is larger than o s - Oys ). Henee. the emergence of the
environmental lobby lowers the profit of the domestic firm. A comparison of (86) and (90)

allows us to conclude that the presence of the environmental interest group improves the quality
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of the home environment. The intuition is that in order to accommodate the environmental lobby.
the home government raises the emission tax. To alleviate the impact of a higher emission tax on
the domestic tirm. it simultancously raises the tarift. The end result is an improvement of the
quality of the home environment at the expense ot the firms” protits.

Now. suppose that the industry is not participating in this game and hence the game will
he between the environmental lobby and the incumbent sovernment in the Northern country. In

this case the equilibrium environmental and trade policies are. respectively.

* (d-c)N-T-do7)
(V1) o2 T a6t g

* dlu-che”
(92) To2 = | ~6u- :

In this case. the protit of the domestic firm is
(93) DO Tnn Oy 1= (a=C) (1 =605)
which is even lower than @( 7. .0, ). Henee. the profit of” the domestic tirm is at its lowest
possible fevel when the industry does not enter the game as a special-interest group.

Similarly. we can show that the quality of the home environment is at its highest level
when the industry lobby is absent. In this case. the damage o the home environment is
(94) X (T Oha ) = €7 (a=c) (1667
Which is clearly smaller than o (x,( 21,,3-./),.,3')). Proposition 3 provides more general proof for
this case. Moreover. we know that the disutility of the green environmentalist decreases as the
quality of the home  environment increases.  Hence. the utility  of the representative

environmentalist is at its highest level in the presence of the environmental lobby.



Nextosuppose the lobbies otter no political contribution to their government. In this case.
the incumbent government chooses emission and trade taxes to maximizes social welfare. as

defined by (77). The equilibrium emission tax and taritt are. respectively. given by

« (d=cH=1=257)
o Sl=307) N
. (d—che-
0, = — .

O [-3u°

In the traditional approach. 7, and €,  are called “socially optimal environmental and trade
taxes” because they are obtained by maximizing social welfare. The above emission and trade
taxes are clearly difterent from those obtained in the presence of interest groups. This shows that
the political equilibrium may not be socially optimum. In the absence of lobbies. the protit of the
domestic tirm is given by

My .00 = (a-c) (1 “3)
[t 1s clear that the domestic tirm’s protit is lower than those obtained when all lobbies were
present in the game.

When there is no interest group in the cconomy and hence the home government

maximizes the social welfare. the damage to the home environment is given by

x5 0 ) = -y (1367
which is clearly greater than o(x,*( 5., . ¢, )) but smaller than dy(x, " Cns s ()(,,3')). Hence. in this
section we find out that the emergence of the green environmental group always improves the

=

quality of the home environment.



To find the payofts net ot political contributions for the domestic tirm and the
representative environmentalist. one can apply Propositions 4¢. 4d. This involves computing
IO e e LI the hypothesis of Proposition e is satistied. then the net payoft of the
domestic firm is uniquely determined and is given by 1y '=1"f‘,":‘ -1 . More specifically. in this
case we have

. (u—c‘):
(93) Vo=
(1-6€7)(-2-06&7)
which is nonnegative for 21, Hence. given 21, a=c. no matter what the profit of the domestic
nrm is its net payvott is always positive.
The tollowing table presents the results ot a numerical example for the case a=200. ¢=11),

=14 a=1.and m =6300.

Table 1 Green model without transboundary pollution

- 7] ol dy %y . Joint pavoff
Social Weltare, ¢ 576 sS40 23T L1495 ] 763 3003 7766
o1 plus environmentalist group T28 384 T2 43S 222 6063 13460
o plus industrial group 322 47.0 9032 | 4700 | 2398 1800 9118
o1 plus both lobbies 67.3 6.8 076 | 743 379 3757 15750

T emission tax: ¢ = tarift. J = the environmental damage in country 2, -d-: .= profit of the domestic firm:

- uross payott ot the representative enyironmentalist.

As Table 1 shows. when only the industry lobby is present in the model the equilibrium level of
cmission tax and the tarift are. respectively. 32.2 and 47.0. After the environmental lobby comes
to the scene the level of emission tax and tarift rise to 67.3 and 36.8. respectively. A comparison
ot the first and the second rows trom the bottom shows that the protit of the domestic firm and

the damage to the home environment decrease trom 2398 to 379 and trom 4700 to 743.

respectively. with the emergence of the environmental group.  Morcover. as the first row of

&
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Fable T shows when the incumbent government only maximizes the social welfare. the optimal
cmission tax and taritt and hence the home environmental damage are different from those
obtained when the interest groups otter political contributions to their government.

[From Table 2 we can see that v\ - v =3984 is greater than (1770 < 12" )+( IR

=

- 4921 Henee. according to Proposition 6. we know that the emergence of the environmental
lobby should lower the net payott of the domestic tirm. In this example. the net payoff of the

domestic firm decreases trom 1332 to 290,

EINY e L ma man A
(1 - )’_( v TR

Morcover. since in this example 770 -1 v ). from Proposition
7 we expect the home  government’s payoft to rise with the emergence of the environmental
lobby. Using Table 1 and Table 2. the government’s net payvoft in the presence of  the
emvironmental group is @,=1v" = ¢ 2" = 9538 which is greater than v™ =7766. its net

payoft in the absence of the green environmental lobby,

o

Table 2 Green model without transboundary pollution: Net pavotts

JEINEN RIIREN MR RN - = = JELIAAN ,man oy ,man
| o LA v i S [ O R B 0 R L
AN mas N i l" A 1 N man [IINAN man man
(30 v N - e . (1 1) l',,, -V
“TH6 13750 3984 1352 290 1632 402! 3828
Forn, bLon> ooa 200 01 e 1 4 a Loand 51 6300,

I'he political contribution of the domestic tirm and the environmentalist group are. respectively.
89 and 1126. As expected. the political contribution of the environmentalist is higher in this case
due to the higher weight that the incumbent government attaches to the welfare of the domestic
firm by including producer surplus as a component of social welfare. In this example. we can

show that when the producer surplus is excluded from social welfare. both interest groups




contribute the same amount of money to the politicians. The results obtained in Table 2 are

illustrated in Figure 4. which shows that we have a unique solution for this example.

1%
Lmas < 15T -1 the net payott of the domestic tirm
-1M"™ the net payoff of the environmentalist
".'fll.t\ _ ‘ ‘
=3084
":TII.I.\ - ‘
4652
T - 1
ANy ‘,m.l\ RPN s 1
N 02 ni? ; -
- - - [
290 3984 13750

Figure 4 Green model without transboundary pollution

To sum up. the green environmental lobby has been able to increase the quality of the
home environment and hence its utility by contributing to its incumbent government. In our
example. the domestic firm is better oft' it it contributes to the incumbent government because its
absence from the political scene will further deteriorate its payott. This might provide additional

mcentive for an industry to torm an interest group in this model.

3.5 Free Trade in the Green Model without Transboundary Pollution
In the model just discussed. we saw that the domestic firm will be pressing for protectionist
policies. In this section. we will show that a representative environmentalist may have common

cause with protectionist tendencies if he believes that liberalized trade will result in more poilution.
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['o examine this case let us assume that international agreements have ruled out the use of tariffs
and that the only policy instrument available to the incumbent government in the Northern
country s the emission tax.

We set 0=0 in the model presented in Section 4 and solve for the equilibrium level of
emission tax. First. consider the game between the industry lobby and the incumbent
government. In the absence of the environmental group. the protit of the domestic firm and the
damage to the home environment are. respectivels.

(96) Oz ) =Na-c) (3-847)
(97) (X5 ) =98 (a-e) (3-8E)

When the environmental lobby enters the game the profit of the domestic firm and the
damage to the home environment are. respectively.

(98) D Tga ) = Na-c) (3-16)

(99) (X, (2 D) = 98 (a-0) (5-16:5)

From the above results it is clear that (96) is greater than (98) and (97) is greater than (99). Thus.
the emergence of a green environmental lobby - lowers the protit of the domestic firm and
improves the quality ot the home environment

We can also show that the damage o the home environment in the absence of the
industrial lobby is
(100 (X, (a ) = 987 (=) (3 16£7) .

Thus. without the industry lobby the quality of the home environment and the utility of the green

environmentalist are at their highest possible levels.
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Morcover. by comparing the damage to the home environment under the assumption of
tree trade with the one derived in the absence of trade liberalization we find out that (99) is
greater than (86) (i.e.. 987 (u-c) (6-1867)). Hence. trade liberalization deteriorates the quality of
the home environment. Thus. the green environmental lobby might have incentive to be against
tree trade and act as a protectionist. One explanation for this might be that since the home
government cannot use taritt as a policy instrument. it cannot protect its domestic firm against
toreign competition. To accommodate the domestic firm it has to relax the environmental
standards.

Next. we turn to net payoft of the industry lobby. In this case. given Proposition ¢ is
satstied the payott of the domestic tirm net ot its political contribution -- i.c.. 1',.=1'f:‘l":‘ -V -
IS

‘)(cl-c'):

(1ot = : L.
(-3-16e"(3~10687)

which is nonnegative for e21. Hence. given £21. a=c. the domestic firm’s net pavott is positive.
[ we compare (101) with (935). the net pavot of the industry lobby in non free trade case. we
shall observe that trade liberalization increases the payott. net of political contribution. of the
domestic firm.

The tollowing table presents the results of' a numerical example for the case of free trade.

[t 1s the solution of the numerical example in Scection 3.4 with the additional constraint 8 = 0.
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Table 3 Green Model without Transboundary Pollution under Free trade

T o dp @ @ Joint payoff
Social Weltare. o 352 14288 1823 931 3675 6687
r plus environmentalist group | 0.1 8037 339 275 3961 12195
1 plus industrial group 0.7 14730 3383 2848 917 8315
e plus both lobbies 4.7 14308 916 468 3383 12553
Fora 200.c 10 -1 4 a=1and 1 6300, - emission tax: ¢ = taritf. /. - the environmental damage in country

tddyi-diioo protitof the domestic firm: o- zross pasott ot the representative environmentalist.

Consider the last row of Table 3 tor which both lobbies are active in the economy. In this
case the emission tax and the profit of the domestic tirm are equal to 44.7 and 468. respectively.
As the second row from the bottom shows. in the absence of the environmental lobby the
emission tax decreases to 10.7 and the protit of the domestic {irm increases to 2848. [n this case.
the utility betore political contribution of the green environmentalist also decreases from 5383 to
917 due to a higher level of damage o the home environment. As Table 3 shows. the optimal
cmission tax resulting from maximizing the social weltare is 33.2. which is different from those
vbtained when the lobbies ofter political contributions to their incumbent government.

TN HININ RN ) ( mas
B - | 84

As Table 4 shows. in this example. 7™ - 1-™" = 3867 is greater than ( IR A
) = 4597 Henee the emergence of the environmental lobby lowers the net payott of the
domestic firm from 1628 to 339. Also from Proposition 7. we know that the home government's

pavoll’ should rise with the emergence of the environmental lobby. In this case. the home

government’s payoftrises from v = 6686 10 ¢,= 117" =1 LT = 7956,
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Table 4 Free Trade in Green model without transboundary pollution: Net payoffs

’ln.l\ ’”l.l\ ’m.i\ ’I".I\ ,m.l\ , . _ 'IH.I\ ,m.l\ ,m.‘l\ - — Imax -
LI Vo - Vipo- LU AR =, (Vs -V ) @f‘vnl
'lncl\ 'l".l\ ’Hl.l\ '"‘..l\ 'lnil\ AN max max
vV, Vi, Vi Vo (Vory =Vaor ) Vo = Vora
6686 12553 5867 1628 359 4238 4597 7956

For a=200.c=11 &=] 4, a=1.and m =6300.

The political contributions of the domestic firm and the home environmentalist are equal

to 109 and 1346 respectively. The above results are also illustrated in figure 5. which shows

Parcto etticient frontier is below MN. Hence we have a unique solution for the game.

1%
'!II-I\
Vo
12353 T e the net payott of the domestic firm
. HNAN ’IH.I\ e - N .
LR R the net payott of the environmentalist
HENAN "Il.l\
Vs sV M
3867
JREAREN FRINAN C
N 1
4238
N
LN FEUNAN JRELNAN SN LN 1
Vs =V Vi - e !
339 3867 12353

Figure S Frece trade: Green model without transboundary pollution

Next section studies changes in the environmental quality and the payoffs

transboundary movement ot pollution is allowed.

when
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3.6 Green Model with Transhboundary Pollution
[n this section. the environmentalist is still a green but pollution can spillover from one country
to another. For simplicity. it is assumed that the amount of pollution that spilling trom country |
into country 2 is negligible and that a considerable amount of pollutants is inflicted upon the
Northern country by the Southern country. Thus. we set p-= 0 and g, -0 then solve the model
for the equilibrium emission tax and taritt in the presence of the two lobbies and the incumbent

covernment in the game. We obtain the following results

o

- td ~ ¢ 'l,“*.‘.’i [ -:/':! -(\Iv;I )I
2 - = . - .
(102) a2 2all-u -2 p - i)
- (LI—L')[["':—‘—:-:/‘::-4/‘:':)l
2 t) = T - .
(103 0ni2 R S Y

As (102) and (103) show. in addition to the cost and the emission per unit of output. the
cquilibrium emission tax and tarift’ also depend on the coetticient ps, that characterizes the
pollution spillovers from the Southern country into the Northern country.

Using (102) and (103) we obtain the tollowing expressions tor the protit of the domestic

tirm and the damage to the home environment. respectively .
(=) [ =267 (p~-1) p~y |7

(104 o Tul:'- ()m:.) = -

and

g1



(u-c ):r,:( p-y-1 ):

(105) dyx, (T s N = . .
H1-£7(2pyy=poy -3

Nexto we climinate the environmental group from the model and solve the svstem for the
cquilibrium emission tax and taritt. The protit of the domestic firm and the damage to the home

environment in this game are given respectivelv, by

(- [1=£(pay-Dpes |

(106) O Oy ) = e e e
[2=72pa - psy -3
and
L Ca-c) e (par-1)
(107) dyx, (ny Oy n= - - - —

[2-&712p2 =p -3

Comparing (104) and (106) one can see that when the environmental lobby comes to the
picture the profit ot the domestic firm might increase. decrease. or remain unchanged. depending
on the values o' and p-,.

Indeed. it is not difticult o show that under certain circumstances the presence of the
environmentalist has positive impact on the domestic tirm’s protit. This result should not be
surprising when we allow transboundary pollution. One possible reason is that when the level of
emission at home is low and the total amount of pollution received from the foreign country is
high enough. a green environmental lobby might favor a combination of environmental and trade
policies that reduces the amount of pollution it receives from foreign sources. This policy

combination might increase the revenue of the domestic firm to the extend that it surpasses the



increase in its costs. Thus. the profit of the domestic tirm can increase with the emergence ot the
environmental group.

[n comparing the pollution damages represented by (105) and (107). we see that for
I =20 and £21 the denominator of (107) is smaller than that ot (105). Hence. the damage to
the home environment is higher without the green environmental lobby. Thus. regardless of the
changes in the profit of the domestic firm. the emergence of the environmental group improves
the quality of the home environment.

The tollowing table summarizes the results of a numerical example for the present model.

Table 5 Green model with transboundary pollution

- 0 o o, 0. LR joint pavoff
Social Welfare. o 1.04 8.09 18.39 0.23 1091 0.77 4.76
o plus environmentalist lobby | .03 8.1 18.52 0.10 | 0,94 0.90 5.6l
o plus industry fobby 1.06 755 3093 017 | 1.57 0.83 5.95
o1 plus both lobbies 1.07 7.56 RIS .07 1 1.62 092 6.84
Formy Lony oa=200¢-10. =10 2. 1oand g~ 0.7 - emission tax: O = taritf. = the environmental
damage incountry i J= dysdy o0 profit of the domestic tirm: . cross payoft of  the representative

environmentalist.

[n Table 3. as shown on the second row from the bottom . in the absence of the
environmental group the equilibrium emission tax and tarift are. respectively. 1.06 and 7.53.
With the emergence of the green environmental lobby emission tax increases to 1.07 and tariff
increases to 7.36. In this case. the protit of the domestic firm increases from 1.57 to 1.62. and
the damage to the home environment decreases from 0.17 1o 0.07. Higher environmental quality
at home in turn increases the utility of the green environmentalist tfrom 0.83 to 0.92. Moreover.
as Table 5 shows the optimal environmental and trade taxes resulting from maximizing social
weltare (which are. respectively. equal to 1.04 and 8.09) are not equal to those obtained in the

political game played by the interest groups and the incumbent government in the North.



In this example. 7 -7 = 2.08 is smaller than (

n2
henee ace
1" = 4.76. Using Proposition 6. we know that the

increases the net payott of the domestic tirm in this case.

Table 6 Green model with transboundary pollution: Pavotts
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Figure 6 Green model with transboundary pollution

= .12 and
ording to Proposition 4d the pavott for the home government is unique and given by

emergence of the environmental lobby

the above tables are also illustrated in Figure 6. Since v} -

A= v - v ) according to Proposition 4d the net pavoffs for the two lobbies

As Figure 6 depicts. the point C is above MN and
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To sum up. the environmental lobby has been able o improve the quality of the home
environment by contributing to the incumbent government. we showed that the emergence of the
environmental lobby raises the pavott of the domestic tirm. This exercise is also a good example
tor the case where an environmentalist group might be pressing tor tougher environmental policy
and also may have common cause with protectionist tendencies it it believes that laxer trade

policy will result in more pollution.

3.7 Supergreen Model with Transhoundary Pollution
[n this section. the cenvironmentalist is assumed 0 be a supergreen. Suppose that the
representative environmentalist puts equal weight on the home and the foreign environment (i.e..
N1 7N2=N). As in the previous section. we assume that while the amount of pollution spillover
from country | to country 2 is zero. there is a considerable amount of pollution flowing from the
Southern to the Northern country.
Thus. after setting py2= 0. 5y 0. 11;=n. =1 and solving the model tor the equilibrium

emission tax and tarift, we obtain

(u-g'):—f\’-l.':l(—l-/':, = /;4;;:1—I-,v:, H4-3np-3p. 0 2-m]}
(l()x) - '.':-:‘J.'.'ll—l-/’:.‘|:/]‘~"'T("I’;‘:.II(‘-U’/’:!(:’/]II:
Ca—c)l=l=det =1 p., V-2 Sl == p- (2=0)

(* = - :
(109) —2041.“( —|°/‘;, (IS R | -|°/’:! | ()—I]«;’:]l?_~l]bl

Giiven « and c. (108) and (109) show that the cquilibrium emission tax and taritt depend on the
cmission per unit of output. the coetticient that characterizes the pollution spillover from the

Southern country to the Northern country. and the type of environmentalist captured by 1. 1.



Since in this section our environmentalist is assumed to be a supergreen. we set n,=n>=n=1 in
(108) and (109). The profit of the domestic tirm and the damage to the home environment in the

presence ot the two lobbies are. respectively. given by

; . (cl-c')ll]’ﬁl‘ 1'49:1’3921:)':
(110) Prlzny Oz ) = 2 S
[-2=4e (P, -1 =£7(3-2 pay-3p-0))°

o (- & (pay- 1 e T)-1 ]
D R T

- ~

[-2=de'(pay- 1) =732 P~ -3p )
Next. we celiminate the environmental group from the model and solve the game for the
cquilibrium level of environmental and trade policies. In this case. the domestic firm’s profit and
the environmental damage at home are given. respectively. by

((l'('):l ] “?::(p::‘l ,p:g l:

(2 oz Oy = -
[2-2e7(-3-2p~, -p- )

and
2 - - ((I‘L": }:: (p::-l ):
13 dixtay Oy n= ,

~ B}

26703 2p, e )

By comparing (110) with (112y and (1 11) with (113). one can see that with the emergence
of the environmental lobby. the gross payoft of the domestic tirm and the quality of the home
environment might increase. decrease. or remain unchanged. depending on the values of € and
ANy

By comparing the above case with the previous one in which the environmentalist is a

green. we observe that in both cases the impact of the environmental lobby on the profit of the

domestic firm 1s not known unless we specity the values of' e and p-,. but in the green model we
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know that the emergence of a green environmentalist improves the quality of the home
environment while the effect ot a supergreen environmentalist on the home environment is not
known. However. from Proposition 3b. we know that the damage to the global (i.e.. North +
South) environment is lower in the presence of a supergreen environmental lobby.

The following table provides the results of'a numerical example for the present model. [n
this example. ny =1l no2=1L a=100.c=10. &=2 =35 i1 =420. and p~,=0.7.

Table 7 Supergreen model with transboundary pollution

- t N i 0] o> jomt pavolf
Social Weltare, o 38 63 418 370 24 22 29423
o plus environmentalist lobby 43 - 6 19 2- 351 548.63
o plus industry Tobby 10 61 R 258 10 69 289.28
o plus both lobbies 43 ~1 9 24 38 RE3 338.70
Formy bz foa=100.¢=10, =2« - S.m 420 and g 0.7 - - emission tax: ¥ = taritf. = the environmental
damage in country 12 5 dy=dss o0 protit of the domestic firm: 0. gross pavott of  the representative

cnvironmentalist.

In Tablc 7. as the second row from the bottom shows. in the absence of the environmental
group. the equilibrium emission tax and taritt are. respectively. 40 and 61. With the emergence
ot the supergreen environmental lobby the emission tax increases to 435 and the taritf also rises to
T\ large increase in tarift might have been demanded by the supergreen environmental lobby
to change the behavior of the foreign tirm and hence to improve the guality of the environment.
Fable 7 shows that the emergence of the environmental lobby raises the protfit of the domestic
firm from 10 to 38. This result is not surprising because. as the example shows. the supergreen
environmentalist group has common cause with the protectionist tendency of the domestic tirm
and hence 1s pressing for more stringent trade policy to lower the total amount of pollution. In
this example. the presence of the supergreen environmentalist lobby also decreases the damage to

the home environment. «; and the world environment. d (i.c.. d;=d5). This in turn increases the
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utility of the supergreen environmentalist from 69 to 341. As Table 7 shows. the socially optimal
cnvironmental and trade taxes resulting from maximizing social welfare (i.e.. 38 and 65.
respectively) are ditferent from their corresponding political equilibrium taxes.

The payotts are given in Table 8. As can be seen. v/ -+ = 264.47 is smaller than
(VP eTT (e - e ) = 279,48 and hence. according to Proposition 4d. the pavoft for the

JRENAN

home government is unique and given by 1+ = 338.7. Using Proposition 6. we know that the

emergence of the environmental lobby increases the net pavott ot the domestic firm in this case.

Table 8 Supergreen model with transboundary pollution: Pavotts

LATHIN PRLITAN RAUIBAY MUNAN AN PRLIAAN PRLTAY LTI JRLLAN RUNAY . 'm.'l\ LInax
v Vo Vs -V Vs -V, Vi oV w2 TVor Ve - Vs
20425 | 338.70 26447 10.07 26941 279 48

Formy, boma=loa=I00 ¢~ 10 &2 -3 420 and p. 0.7

3.8 Conclusion
In this chapter. we have formulated a game played by two special interest groups -- an industry
lobby and an environmental lobby -- and their incumbent government in an industrial nation. to
explain how environmental and trade policies are set in the context of North-South trade. In the
came. the special-interest  groups announce schedules of political contributions to  their
incumbent national government. The contributions vary according to the policies set by the
nattonal government. The incumbent government ot the industrialized nation takes into account
the political contributions of” the interest groups in setting policies. An equilibrium of such a
came then determines endogenously the trade and environmental policies adopted in this

country.

98



The chapter sheds some lights on how the presence of an environmentalist interest group
in the Northern country can aftect the behavior of the incumbent government in choosing its
trade and environmental policies.

[n general. it is shown that cquilibrium emission tx and tarift depend on the cost and
cmission per unit of output. the weight that an incumbent government in the Northern country
attaches to social weltare. the amount of emission that flows trom one country to another. and
the type of environmentalists.

We find that in the absence of  transboundary pollution. the emergence of the green
environmental lobby lowers the profit ot the domestic tirm. Moreover. the chapter tinds that trade
liberalization can result in deterioration of the home environment. This might provide insight for
the case in which environmentalists torm an alliance with protectionist tendencies.

When transboundary pollution is allowed. the net pavoft of the tirm operating in the
Northern country can be higher or lower. depending on the level of tariff and the emission tax set
by its government. These in turn are mainly affected by the emission per unit of output and the
amount of pollution that countrics transter to cach other. However. in all cases. the presence of a
green environmental interest group improves the quality ot the environment in the North.

This chapter also shows  that if the environmental lobby is a supergreen. then the quality
of the home environment might be higher or lower with the emergence of the environmental
group. depending on the emission per unit of output and the coefticient of the pollution spillover
from one country to the other. However. the quality of the global environment rises with the

green environmental lobby in the North. This might have particular insight

-
&

emergence of a super

tor lobbying to limit GHG (greenhouse gas) emissions.
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Finally. this chapter shows that the environmental and trade policies resulting from a
political process may be above or below those obtained by maximizing social welfare. In another
words. when various interest groups are present in the economy. the political equilibrium levels
of emission tax and tarift are not necessarily socially optimum. Hence. the damage to the home
cnvironment might be higher or fower than its socially optimal level.

[n the next chapter. we extend the model developed in this chapter and formulate a game
hetween two rich countries of the North. The implication of the North-North assumption is that
there are active environmental groups in both countries. Moreover. ordinary voters in the North
are also concerned about the quality of their environment. Henee. the incumbent national
governments in both countries will activels pursue environmental policies. The two firms are
assumed to compete in a market located in a third country. The equilibrium of the game plaved
between the special-interest groups and the incumbent governments determines endogenously the

environmental policies in the Northern countries.
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DETERMINATION OF ENVIRONMENTAL POLICY:
THE NORTH-NORTH CASE

4.1 Introduction

[ the previous chapter. we studied the tormation of environmental and trade policies in the
North-South model. No active environmental group was assumed to exist in the Southern nation
and this was attributed to low level of income in the South. We assumed that only the incumbent
government in the Northern country actively pursues trade and environmental policies.

[n the last three decades. the world has witnessed a rapid increase of the environmental
movement in Northern countrics. Now. environmentalists have a strong presence on the political
scene of their countries.' The Northern cconomics are now much more interconnected than they

were thirty vears ago. Moreover. the world trend is to remove barriers to free trade. Even if free

See Chapter 2. Section 3.
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trade prevails. however. as is our assumption in this chapter. environmental policy instruments
are still at the disposal of governments in Northern countries. No matter what type of trade
agreement is signed. air and water pollution do not respect national or political borders and flow
casily from one territory to another. For example. Germany and Scandinavia can have very
stringent environmental regulations. but could still suffer from acid rain resulting from loosely
regulated power-plant emissions in Britain. All these make the linkages between trade and the
environment in the Northern countries very complicated.

This chapter tformulates a non-cooperative game between two countries of the North.
Organized cnvironmental movements are assumed to exist in both countries. As before.
environmentalists are classitied either as green or supergreen. One implication of the North-
North assumption is that even ordinary voters are concerned with environmental quality. Hence.
the incumbent government in cach country has an incentive to actively pursue environmental
policy. There are two firms. one in cach country. These two tirms are the only suppliers on a
market for a certain commodity located in a third country. Firms and environmentalists in each
country can influence the behavior of their incumbent national governments by offering them
political contributions. The incumbent government in cach country takes into account these
political contributions in formulating environmental policies.

Chis chapter studies how environmental policies are determined endogenously in the
Northern countries. We will also see how the presence ot environmental interest groups in the
North affects the quality of the environment and the pavotts ot the domestic and toreign firms.
To concentrate on this objective. we shall assume that international agreements preclude the use

of taritt policies.
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The chapter is organized as tollows. The model is presented in Section 4.2. In Section
+.3. a characterization of the solution is given. Some functional forms are introduced in Section
+.4. This allows us to find the equilibrium level ot the emission tax in each country under various
assumptions. In Section 4.3, the model is solved tor the case in which the environmental lobby is
a green and there is no transboundary pollution. In Scction 4.6. we solve the model under the
assumption ol transboundary pollution.  Section 4.7 analvzes the problem when the

cnvironmental interest group is a supergreen. Section 4.8 contains some concluding remarks.

4.2 The Model

There are two firms. say a domestic tirm and a foreign tirm . with the domestic firm located in a
country. called country 1. and the toreign tirm located in another country. called country 2. These
two tirms are the only suppliers on a market for a certain commodity located in a third country.
called country 3. In what follows. country 1 and country 2 will frequently be referred to as the
home country and the foreign country. respectively. Let pr ¢ — ply) be the inverse demand
curve tor the commodity in question. Because the market is served by only two firms. we are
dealing with a duopolistic industry. Furthermore. because the market is located in a third country.
the consumer surplus associated with the consumption of this commodity does not enter the
weltare calculus of country | and country 2.

The production activities of cach firm generate a certain amount of pollution. part of
which might cross the border and tlow into the other country. For cach i=1.2. the output of the
firm operating in country / is denoted by ;. The total cost of producing ¢; and the pollution

generated by ¢ are denoted. respectively. by citgj) and ¢jtgj). It is assumed that ¢j(g;) to be



increasing in ¢ Also. let ¢ji(gj) be the transboundary pollution flowing from country / into
country /. /=i’ that arises from the production activities of the firm in country i. The total
pollution intlicted on country 7 is thus given by

(1 Yl 2) = eflyi)- eii (g ity i=ioni =12,

[.et djxj) be the damage suttered by country / when the level of pollution in this country is given
by v,

Suppose both rival countries are rich nations of the North. We also assume that in each
country. there exists a strong group of environmentalists who actively seeks to improve the
quality ot the environment.

As in the previous chapter. the utility of the representative environmentalist in country i/ is
assumed to depend on the consumption of a numéraire good and the quality of the environment

hoth at home and abroad:

2 uilmxjoxy = m- N i) i=1.2,

=1
tiere mris the amount of the numéraire good consumed: 0. N2200 n2,20 and n,.>0 are
constants: Hyxy) and F),(x,) denote. respectively. the  disutilities caused by the pollution at
home and abroad for the home environmentalist while Faa(xa) and S (xy) denote. respectively.
the disutilities caused by the pollution in his own environment and the environment of country |
tor the foreign environmentalist. [f' 1> = 115, =0. the representative environmentalists care only
about their own local environment and they will be classified as greens. However. when n;->0

and ny-0. their concerns are more global. and they will be classitied as supergreens if n,» and

N~y are signiticantly positive.
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Suppose that the incumbent government in cach country actively pursues environmental
policy. The policy instrument tor each governments is assumed to be an emission tax. Let T, be
the tax per unit of emission that the incumbent government in country i imposes on its domestic
firm. The incumbent governments have utility functions that depend on the political
contributions they receive and some measure of social weltare. We assume that social welfare in
cach country is given by tax revenue plus producer surplus minus pollution damage to its own
environment.

Following Grossman and Helpman (1995). we assume that special-interest groups do not
openly announce their willingness to pay the incumbent government to conduct favorable
policies. [n another word. the “true™ monetary arrangements between interest groups and their
government are not known to the foreign interest groups and toreign politicians. Since the
contribution schedules are unobservable abroad. a special-interest group cannot influence the
behavior of the foreign government. The fact that there is no binding written contract specityving
the political contributions of pressure groups to their incumbent governments also helps us to
rule out the possibility of coalition among interest groups.

e modet is a three-stage game and its extensive form is as follows. In the first stage. the
representative environmentalists and the tirms announce their political contribution schedules.
I'he  schedules announced by the domestic firm and the foreign firm are. respectively.
frii(T T = f(T.Ts) and f3):(T,.T2) = f51(T,.T). Here we interpret f;,(1,.1~) as the contribution
the firm in country 1 otters to its own national government if it chooses the policy 1,. given that
the foreign national government chooses the policy t.. As for fi)(1,.T5). it represents the

contribution that the firm in the foreign  country promises his own national government if it



chooses the policy 1. given that the home government chooses the policy 7,. The political
contribution schedules to their own incumbent governments announced by the environmentalists
at home and abroad are. respectively. /,.:(1,.12) = f2(1,.T-) and ST T2 faal(T.T). We
interpret £y and f.. in the same manner as /,; and f»,. In the second stage. taking the policy of the
toreign government and (/) ./;5) as given. the home government chooses T, 0 maximize its
objective tunction. Similarly. the foreign government takes the policy of the home government
and (/31./32) as given in maximizing its objective function . In the third stage. given the levels of
emission taxes. the two firms choose their output levels to maximize profits. We use backward

induction to find the subgame-pertect equilibrium for this game.

The third stage
Suppose that 7 is the environmental policy chosen by the government in country i (=1.2). Taking
Soand ©oas given. the two firms choose their own output levels to maximize profits. [If

(g (o). 22)s y-* .t 1s the Cournot equilibrium. then

(3) YT 2= argmax [gi ply; = ¢ 5o o) - ety - tiedy;)). ii=1.20 izi
4i

et ¢™(r).2) = ¢ *(r7.02)~ ¢,7(r].02) be the total output of the two firms under Cournot
cquilibrium. The protit of the firm operating in country i is given by

(+) QOp(T].T2) = g T o) plyElop.oon- o (gl .oN- 1 oelgi*(t].12)).
i=1.2.

The utility of the representative environmentalist in country / is given by

(3) O T[.T2) = M, -] FipxpErp o)) - (o). =12
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Here i, denotes the income of the representative environmentalist in country i and xj*(rj.17) =
Xilg Pl )y Tp o))

The otal welfare (tax revenue plus producer surplus minus pollution damage) in country /
conditioned on the policy choices is given by

(0) O 0.1 = G el T. )T @ T ) - diX g (T D). g7 (1. ). =12

The second stage
Fhe government’s objective function in country 7 is assumed to be a linear function of the
political contributions and social welfare. we can write its utility. conditioned on f£;,. fir.7,. . as

tollows

(7 Ui fsfietioz) = oo fiotm o] = e o)) =12

where «, 1s 4 positive constant.

[n this stage. for 7.7 =1.2. /=i wking (/,,./-) and & as given. government / chooses zj to
maximize its objective function. [t we let Witfy /.50 be the set of environmental policies that
are best responses 10 (f.£i~. 7). then the best response correspondence of the government in
country 7 is detined by

(8) Nl fiySioon) =argmax UC S S 550,

The Nash Equilibrium
. . - . D e * . . eqe . .4 -~ .
A\ combination of strategies (f;; /is f5 2 .5 .72 7) is a Nash equilibrium it the following

conditions are satistied:
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a) For ii'=1.2, i#i" given t,"". the chosen environmental policy T, represents a best
response of the government in country i to ( £, . /> .1, ).

b) For cach i=1.2 and cach /=1.2. it f;; is any possible political contribution schedule for
lobby / in country /. then the following inequality must hold

sup [(pii(t,.&.')‘- AR ST <[pi(t, T2 - fi',-*(r, RN Ty Jg =120 =
TN i)

We observe that the inequality in by is both necessary and sutticient for fi'/'*. ij=1.2.to be
. .. . £ .- e e epe .
a best response for lobby i against f;-". j'=1.2. /=" The argument used to support this

observation is the same as that given in Chapter 3.

Assumptions

Fhe following assumptions are imposed upon the model

Assumption I: For cach i=1.2. the emission tax in country i is constrained 1o belong 1o the
interior © > 5 > 0. where T is a he positive constant.

Assumption 2 For cach i.j=1.2. the political contribution schedule fij: (7. 1) = fijl 1. 13 is d

0.7.2n2>0

iV}

nonnegative and continuous function defined in 7,2 1

(¥

Asstmption 3 The demand function prg) satistics pog)- 0. pt0)--0),

Assumption 4. For i =12, the total cost function cjty;) satisfies i =0. ¢i'tqp>0. ¢j"(q;) 0.

Assumption 5: For cach i=1.2. the total pollution in country i. namely xjtq | g2, is an
increasing function of the output levels g 1 > of the domestic and foreign firms.

Assumption 6: For cach ij=1.2. the diswility function 3ijtxjy is a strictly increasing and convex

function of the pollution level in country |,
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4.3 Characterization of the Nash Equilibrium
et of), ',/,:',/'3, .,/iz'.rl ¥, rz*) be a Nash Equilibrium tor the game just formulated. Then given Ti*-
the list (£, £~ .5 %) is a Nash equilibrium in the component game plaved by the two lobbies in
country 1" and their home government. 77'=1.2. /=" Assuming that (/{-,',f{v:'.ri-*) is Pareto
ctlicient for the two lobbies i'1 and i°2. we can apply all propositions proved in Chapter 3 to this
component game. In particular. one can assume that (/,, .f-- .z- ") is a truthful Nash equilibrium
tor this component game and invoke Proposition 4a of Chapter 3. to assume that

=~

SR . e P L Y gt
T eargmax [Oq (i T Opa (T LT e (T i) BTS2 i

-

¢l

We summarize the results just obtained in the following Proposition.

- *

- . - - - * - 4 3 N N N

PROPOSITION 1z Let (fyy fix f2y foa onp ooy ) be a Nush equilibrium for the game of

chdogenous environmental policy determination plaved by two industrialized countries of the
North. Then the following result hold:

* B * * PN .
(9 TS Argmax O (o5 op T 0 aent Tingp ) i =12 =i

-

¢l

[ the maximization problem in (9) has an interior solution. then the emission taxes
chosen by the two industrialized countries in question satisty the following first-order conditions:
(1o Djoy (g *.rz*/‘ Djo- (g *.f:*l‘ o Dj e oy *.r3*1=(). i=12
Here. Dj oy 1s the partial derivative of o, with respect o the ith argument. i=1.2. Once (7, X, 1) ")

has been tound. it can be used to determine the solution of cach of the two component games

exactly as in Chapter 3 to arrive at the complete solution of the game formulated in Section 2.
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To determine the net payofts of the plavers in the game. let us define

-~
L=

(1h) v = max [aof .o ). Li=120 0=

-

¢

(12) VoY= max [ 5.5 ) - g oo ). =120 0= =100

el
i

A - * * * ... ..
(13) VI = max [0 5.5 )~ 0l Gg ) - aw( Tne ). L =100 0=

4

IFor any combination of strategies &= ¢/, .4/~ 1./ 5. 50 et

(bin( Li) = /{,/T,. f:/ - fi:/f]. f:l - (Ii(!),'/ 7y .':/. [:[.3.

(Dii( ki) = (pii( Z'I. Z’:/ - fii’ f|. :':l. [I: l .:

We have the following results:

PROPOSITION 2: Ler & =rf,, ',/,:-./:, ',/33 ot o *) he a Nush equilibrium. Then the pavoffs
ot the plavers in the game are as follows.
ar I VT = T e e et T ™ hen the ner pavoffs for the plavers in the
componenl game involving country i are unique. More preciselv. the ner pavoffs for the
incumbhent government. the industry lobhy. and the representative environmentalist — all in
country i are given. respectivelv. by

N LR PLLINAN

/i/ (Diu( (i): l'/‘*l - ‘,'.: -1 S 1:/:
.. . < i - . coe .-
(i) Ol )= vl - vgemax =] 20 =12

max man man N man 1
’ (v 1 Z v v

ar by On the other hand. if (v, - ™) e Cr 2 vl -l L then the pavoff for the

incumhbent government in country i is given hy
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1 (biﬂ( & ) = l',”»,,‘.l\ . ’=l..?
As tor the ner pavoffs of the two lobbies in country i, they are not unique bhut constitute a line

segment defined by the following conditions

G0 O &)= 0l &)= ¢ o =0

RN ;o

(ifi) (bii( Gy < et . IATTRLE i=1.2 7 =12 =7

Pl

Proposition 2 can be proved exactly in the same manner as Propositions ¢ and 4d of Chapter 3.

4.4 The Model Under Some Special Functional Forms

Consumers’ Demand
As in the preceding chapter. the inverse demand tunction is assumed to have the following form
(14 D =a-q.

where « is a positive constant.

Production technology

s before we assume that good in question is produced by two firms one in each country—with
the same cost function and emission tunction

(13) algp) =cyq;. ey =&y =12,

where ¢ and ¢ are marginal cost and emission per unit of output. respectively. If (t,.t.) is the
vector of environmental policies chosen by the two governments. then the Cournot equilibrium

output level of firm 7 is given by
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(16) i (T T = (a-c-2t -t e 3. iiT=12 Q=i
Fhe profits — in term of (t,.t,) — of the two firms are given by

(17) 0;(T,.T5) = [(u-c):~2(u—c T, -2te-(2t,-t ,-):g:]/(). ii'=12 i=

Social Welfare
For i =120 i=i". let ¢jjtqp)=pjjey; be the transboundary pollution flowing from country / into
country /. The total pollution intlicted on country i is then given by
(18) Nilgigp) == piieyi — pijeyp. LiT=1200=1,
where O i L.
The following functional form is assumed for /j(x;)
(19) ditxj) = xj-.
The ax revenues that the government of country 7 receives can be expressed in terms of
cmission taxes. i.c..
tedu-c—a =2t -t 30 =1 =
I'he damage to the environment of country 7 in terms of policy variables is
(o Nea-crtl-py-=pg =t l-pryt-21, =t =26 21, =2 ‘Ci~l|:. =12 0=
Depending on the amount of pollution that countries transter to cach other -- captured by p;, and
2 - the damage function can be decreasing or increasing in (t.t;-). In a special case when there
is no transboundary pollution (i.c.. p;2=p5,=0). itis decreasing in T, and increasing in t;-.
Soctal weltare in country 7 also includes producer surplus. which is given by
[¢-c~ 6‘/ti~-_7'ti)|: 9.

The total social weltare - in terms of the policy variables — in country 7 is given by



Wl 1. 1) = T a-c~ =211 | 3+ [u - ¢ ~ g/ti--_’ri)]l/‘)-
M Bl
(&Nta-citl-py-=pry =&t l-pio -2 + 1= 2ep 27 =2 1. i=1.2.

The environmentalist’s utility

lhe utility of the representative environmentalist in cach country is assumed to be a function of
the quality of the environment and the consumption of a numéraire good. The following form is
proposed tor the disutility function:

(20) 3ijxj)= (.\'/'/:.

4.5 Green Model without Transboundary Pollution

Suppose there is no transboundary pollution and the representative environmentalist in each
country is concerned only about the quality of his own local environment. For simplicity. we also
assume that the weight attached to the social weltare by cach government is one. Thus. by setting
2= Pai- M- and My equal to zero and 0y 2 nss o and s equal to one in our model and solving
the system expressed by (10) we obtain the equilibrium level of emission tax in country i
(21 Ti,ul:*= (a-ciSe ~3pte ~Ne') i=1.2)

Given a. the environmental policies depend on the cost and emission per unit of output.
Using (17) and (21). the protit of firm i in the presence of all special-interest groups in the
cconomy s given by
(22) ‘Pil/ﬂ.m:*~ Tz_m:*l = dlu-c)= (1 -8 F.

Now. we assume that the representative environmentalists are not active. Hence. we
climinate the environmental lobbies from the model and solve the system to find the

cnvironmental policies. In this case. the equilibrium emission tax for country / is given by



23) Son = tameide =Spie ~47 ) i=1.2,
The profit of tirm 7 is given by
(24) i (8t ) = Aame)s (14 P i=1.2.
which is clearly greater than (22). Hence. the emergence of the environmental lobbies in the
modcl lowers the protits of the two firms.
[n the absence of the industry lobbics. the equilibrium emission tax and the protit of the
domestic firm in country 7 are. respectively. given by
(23) 1'._:»:* = (a-CHNE =1 Y(3g ~8e7),
(20) Di (T ¥ T2 ) = da-e)” (5N R =12
ftis clear that (26) is lower than (22). [ence. the protit of firm 7 is at its lowest possible level
when only the environmental lobbies are present in the model.
Nexto we will find the payoft of cach tirm net of its political contribution. For 7 =1. if

maN AN
-1’

RUNLSL BN
;o o

1

,man ,max )
12 I

[ R M LN then the net payott of cach tirm (ie.. vy =4, - ™)
is given by
S * _ i R4 WY s~ A 1N
(27) Vi FHda-c)- 648 =333 -dNsm 04T i=1 0.
which is clearly positive for £2/. A\ positive net pavott gives industries an additional incentive to
torm interest groups and be more active on the political scene ot their countries.

We can show that for «2/. the net payoft of the industry lobby in each country is
decreasing in emission per unit of output. Thus. the higher is emission per unit of output. the

lower is the industry lobby™s net payotl in country 7. This can be a result of the low level of the

firm’s profit and 'or high level of its political contribution.
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Next. we see how the emergence of environmental lobbies attects the quality of the
cnvironment in the Northern countries. When all lobbies are present in the model. the damage to
the environment of country / is given by
(28) it Tl.m:*- ":.vu:*/ = Jela-crm (1 =N R =12,

[et e r,_,,,:*. 73',.,:*/ denotes the sum of environmental damages in the two countries fie..
iz s -.'3',”3*/— dor r,i,,,z*. Tauis 2.0 In this case. the total environmental damage is given by
(29) dityas ™ Bs ) = Seta-ert (1 -8 P i=1.0,

Next. we climinate the environmental lobbies trom the model. The damage to the
environment ot country 7 is given by
(30) it r,..,,*. T o ) = deta-crm (14 Rl i=1.0.
which is clearly larger than (28). Henee. the sum of the environmental damage in the two
countries is also lower when the environmental interest groups are present in the game.

When the industry lobbies are absent from the model. the damage to the environment of
country 7 is given by
(31 it rl_u:*- D2 ) = e aecr (3N R =10,

which is lower than (28) and (30). [Hence. the quality of the environment in each country
is at its highest level when the industry lobbies from the two countries are not present. Table |

presents the results of a numerical example tor this case.

Table 1 Green model without transboundary pollution

g o, d 0, O, Joint pavoff
Fotal Weltare, o 8.867 190753 | 39506 | 1975 | 80.247 19.8519
sovernment - environmental lobby 8,933 | 4.988 9.976 0499 | 95.012 110.025
zovernment - industry lobby 8.865 | 20.149 | 40.298 | .2015 | 79.85 20.0484
covernment - both lobbies 8.9532 5.050 10.10 0305 | 94.95 110.074
For g Loy O a=100.c=10, =10, ap 1. and m 10°. = - emission tax: d, = the environmental damage in

country 2 - dy=dy 0,7 profit of firm 7z o, = gross payoff ot the representative environmentalist in country i.
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Table 1 shows the equilibrium level of emission tax. the damage to the home and the
foreign country environment. and the gross payoft ot cach lobby. Consider the last row of Table
I' tor which all lobbies are active in the game. In this case. the emission tax and protit of the
domestic firm in country 7 are. respectively. equal to 8.932 and 0.03. As the second row from the
bottom shows. in the absence ot the environmental lobbies the emission tax in each country
decreases to 8.865 and the profit of the domestic firm operating in country 7 increases to 0.20. In
this case. the utility of the green environmentalist in cach country also decreases from 95 to 80
due to a higher level of damage to the home environment. Moreover. as the first row of Table |
shows. the equilibrium emission tax resulting from maximizing total welfare (i.c.. 8.867) is not
cqual to thosc obtained in the presence of lobbies in the model.

AN

90.223 is greater than (v, -

HIAN man
4 =

As Table 2 shows. in this example. ™). -]

) = -y = 900076, From Proposition 2 we know that the net pavotft of the firm

operating in country 7 is vy =v - In this example. 15, =0.03. Hence. according to
Proposition 6 of Chapter 3. we know that the emergence of the environmental lobbies lowers the
net pavott of the domestic firm operating in country 7. In this example. the net pavoft of firm i

decreases from 0.20 (=477 - 17" 10 0.03. Also. from Proposition 7 of Chapter 3. we know that

fol Lo

&

the government’s payott in each country  should rise with the emergence of the environmental
lobbies. From Table 2. the payoft of the incumbent government in country i can be computed.

,man
r ol

=v7s - is equal to 20, which is greater than v =19.8.

s 02 P2

More specifically. @; =1
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Table 2 Green model without transboundary poilution: Net pavoffs

JRALEAN RALRA PRLITAN PRLLEAN AN PRALRAN L AN RitHAN - Sman - maxn max
Con Vot Vo - Vi Voo VooV Vior " Vior =Vion
mav 'YH-I\ 'VILI\ 'HLl\ 'lH.l\ ’H"l.l\
",_n ! ;o ! PR ! s ol 12" Yol
19.85 110.10 90.223 1963 0.05025 90.02 90.0763 19.9981

Forng=l.ng 0. a=100.c=10. £=10, «f=1.and i1l 10",

The political contribution of the domestic firm and the environmental group in country {

are. respectively. 0.0002318 and 4.92403. The above results are also illustrated in Figure I.

which shows Pareto efficient trontier is below MN. Henee we have a unique solution for the

came.

- AN LI AN
. .

‘)nl\‘ l l()

e L an
’ .
u]

\M

N L 1)

MR RAY ,”l.l\

FIRLE I ol PRSI

0.03

1

’HLI\ "‘YH\
o

=90.22 Hio

igure I Green model without transboundary pollution

Figure |

»-1.s  the net payott of the domestic firm in county i.

the net pay ott ot the environmental lobby in county i.

Next we construct an example for the case in which the representative environmentalist

and or the domestic firm in country | disappear from the game. However. we assume that all

lobbies in the foreign country are active. In this case. taking ;s

cmission tax.

M|

covernment in the home country. In other words.

* . -
as given. we find

the

* that maximizes the Joint pavott ot the lobby j(=1.2) and the incumbent
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- % * * .
(32) Ty €Argmax [Qul o). )= ayed n.ogs 1§ =12,

4]

The following tables present a numerical example for this case.

Table 3 Green model without transboundary pollution

country | - o, Oy 0, Joint
payoff
Potal Weltare. o 8.900 19.753 2000 80.247 19.9986
sovernment - environmental fobby 8.933 3.000 0300 95.000 110.024
sovernment - industry lobby $.899 20.50 2030 79.70 20.1996
zovernment - both lobbies 8.932 3.030 0305 94.95 110.074
Forngi bongi=0. a=100. ¢c=10, =10, a;~1. and M =10". = - emission tax: o, = the environmental damage in

country ¢2 0, - profit of firm 72 0,1 = gross pavott ot the representative environmentalist in country i.

Table 3 shows the equilibrium level of emission tax. the damage to the home and foreign
country environments. and the gross payvotts of cach lobby. Consider the last row of Table 3 for
which all lobbies are active in the game. [n this case. the emission tax and profit of the domestic
firm in country | are. respectively. equal to 8.932 and 0.05. As the second row from the bottom
shows. in the absence of the environmental lobby in the home country. the emission tax in
country I decreases to 8.899 and the protit ot the domestic tirm increases to 0.20. In this case.
the utility of the green environmentalist at home also decreases trom 94 1o 79.70 due to a higher
level of damage to the home environment. As the table shows. the emission tax resulting from
maximizing total welfare (i.c.. 8.899) is not equal to one obtained when all lobbies are present in
the model (i.c.. 8.932).

By comparing Table 3 with Table 1. we see that when the toreign environmental lobby is
always an active player in the game. the damage to the home environment is more than that when
both environmental groups are absent from the model. The profits of the domestic firm in Table

3 are also higher than those shown in Table 1. The reason for this is the presence of an active
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cnvironmental lobby in the foreign country and the absence of a strong environmental interest
group at home. While no environmental lobby is present in the home country. the foreign
cnvironmental interest group puts pressure on its national government to set a higher emission
tax. This in twrn will lower the profit of the foreign firm and improve the quality of the
environment in the foreign country. Moreover. the absence ot a domestic environmental lobby at
home paves the way for the domestic firm to pollute more and hence to damage the home
cnvironment.

max

As Table 4 shows. in this example. ™7 -0 = 90.07) is greater than (1™, -

IO - ) = 89.920 Hence. according to Proposition 6 of Chapter 3. we know that the

4 P N
emergence of the environmental lobby at home lowers the net payott of the domestic firm. In this
example. the net payoft of firm | decreases trom 0.20 1o 0.03. Also. from Proposition 7 of
Chapter 3. we know that the home government’s payolt should rise with the emergence of the
environmental lobby. From Table 4 the payolt ol the incumbent government in country | can be

AL UL

computed. More specifically. @ ,=v") - "™, is cqual 0 20.13. which is greater than

1 =19.99,

Table 4 Green model without transboundary pollution: Net pavotts

LM LN JTaN ot e L, L T L e s e | U XL
v IS (AN v [T T vt e VT T el CMR LN ST

1999 | 110.10 | 90.076 201 (3.05023 89.875 89.9251 20.1493

Formg Loy 0 a=100.¢ <10, &=10. «j=1.and 71 10",

By comparing Table 4 with Table 2. we see that the net payott of the domestic firm is

unchanged. but the net payott of the environmentai lobby in Table 4 is lower than that in Table 2
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due to larger damage to the home environment in this case. In this example. the payvoft of the
home government is also higher than that obtained in the previous example.

The political contribution of the domestic firm and the environmental group in country 1
are. respectively. 0.000251864 and 3.07524. Hence. the political contribution of the home
environmental lobby in this example is more than that obtained in the previous example.

The above results are also illustrated in Figure 2. which shows that the Pareto efficient
trontier is below MN. Hence we have a unigue solution tor the game.

- net payoft of the domestic firm in county |

S0 P ot

PRALAY

net pay ott of the environmental lobby in county |

'lll.l\ _ 'IH.I\ ‘,vll.l\ - "ZILI\ l,:Il.l\ ‘,
1ol IKEN Lo D Tl !

0.03 = ) 110

1

Figure 2 Green model without transboundary pollution

4.6 Green Model with Transhoundary Pollution
[n this seetion. the environmentalist is still a green. but pollution can spillover from one country
to another. To avoid some complexities which are not central to our analysis. it is assumed that
the amount of pollution spilling from country 1 (say. the home country) into country 2 (say. the
foreign country) is negligible and that a considerable amount of pollutants is inflicted upon

ot

country | by country 2. Thus. we set p)». ;5. and nsy equal to zero and 1y . 1-» . and « equal to
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one. then solve the model for the equilibrium emission taxes in the presence of all lobbies and
the incumbent governments in the model. The cquilibrium emission taxes for the home country

and the foreign country are. respectively. given by

.  ta=cl 15320 0 S T 4T 6=2T -1 2 )
(22) TLoi2 S[3=4iT Ue —=320 0 <2 - | ’
and

« = =15=320 e S 2 =1 =4 6= 1T pay =602,
3 g T < : PO :
(34 2012 R e A N N i B N A I |

Giiven ¢ . (33) can be greater or smaller than (34). depending on the emission per unit of output
and the amount ot pollution that country 2 transters to country 1. One can show that if the
cmission per unit of output is large and the amount ot pollution intlicted upon the home country
is small enough. the emission tax at home is larger than that in the foreign country. One reason
can be that. while the home country receives a relatively small amount of pollution from the
toreign country. it might generate a large amount of emission inside. Thus. the environmental
lobby at home might put more pressure on its government to adopt a tougher environmental
policy.

Using (33) and (34). the protits of the domestic tirm and the foreign firm in the presence
ot all lobbies are. respectively. given by

% dtu L]:I:’J-',:|: g »;,-_. :ll:

~z e _
(22) R LN IO B N T e T I S TR
. * « g T34 Gn

(56) P2 Tgor - D2 )T TG e AT

The profit of the toreign firm is greater than that of the domestic firm if a numerator of (33) is

smaller than that of (36) and this in turn depends on the amount of emission per unit of output



and the amount of pollution that spills over from the foreign country to the home country. One
can show that it £ is large and the amount of pollution inflicted upon the home country is small
enough. the protit of the domestic firm is lower than that of the foreign firm. This could be a
result ot a tougher environmental policy adopted by the home government in the presence of
cenvironmental lobbies.

Next. take a case where there are no active environmental lobbies in the two countries.
{nder this assumption. the equilibrium emission taxes in the home country and the foreign

country are. respectively. given by

© a8 2K 1y e (2R 24 )
(537 Lo 320 =8t =200 -1 ?
el SR 20y D =l G2 12
Y -, — S N 3
(38) "ol B R N L e A VL N P

I'he profits of the domestic firm and the foreign tirm are. respectively. given by

¢ * * R N R VI VIR
(39 P T T T RIEOD Dseon i OF
S O3l ||:
* * "
(4(“ (Q:/ rl.l(l . TZ.IU }= 3 :“":“'T 1=Ky S ],:l: .

As before. the profit of the foreign tirm is greater than that ot the domestic firm it the numerator
ot (39) is smaller than that of (40) and this in turn depends on & and p»,.

In the presence of all lobbies in the model. the damage to the environment of the home
and foreign countries are. respectively. given by

Va Om T80 D 23 -
* % : :
(+1) Ty gy T ) F (3400 32000 2 1 F




Wa-cr o340 20 G 1)
3 * * = - — —
(+2) ot Ty o Ty ) E [3-47 0o D320 00 21 DF

As (41) and (42) show the quality of the home environment can be higher or lower than that of
the foreign country. depending on the amount of pollution inflicted upon the home country and
the emission level per unit of output.

When no environmental group is present in the model. the environmental damages in the

home country and  the foreign country are. respectively. given by

1 . * _ * MR R VAT SRR s N

(<) AT T )= 35500 N N TN I
* * a7 320 G D G Y

(44) ‘/:/Z-HU o l—l; T 0m hKte e DOF

As before. no comparison is possible between the two countries unless we know the values for &
and »;. However. from Proposition 3a of Chapter 3. we can infer that the quality of the
environment will improve with the emergence ol a green environmental lobby in each country.
4.7 Supergreen Model with Transboundary Pollution

Borrowing the assumption of’ transboundary  pollution from the previous section. let the
environmental groups be supergreens (i.c.. their concerns are global). For simplicity. suppose
that the foreign country transters part ol its emission to the home country. but receives no
pollution from outside. Furthermore. suppose that cach environmental lobby assigns equal
weight to his own environment and the foreign environment.

To sce how the results obtained in the previous section are affected under this new

assumption. let us first find the equilibrium level of emission taxes in the presence ot all lobbies

and the incumbent governments in the model. To do so. by setting gy, equal to zero and n,,.



Ni2- M2p- N2z - oy and o equal to one in our model and solving the system expressed by (10). we
obtain the equilibrium level of the environmental policies in the two countries of the North when
the environmental lobbies are supergreen. Thus. the equilibrium level of emission taxes for the
home country and the toreign country are. respectivelv.

. = =TS 20 e 1 2 -5y 22 030 =30, 7]
(43) Lz T

-~ ! N - .
A 312 G, =D 2 =R 20 (S ] ?

and

b (da—c) —l:“]:l,"( - —IP:42 - —5"1.‘.;(:44[ L, -8 :.
£ 2 o (il
(4()) rl‘)l:

A2 o =17 2, =520 05y, 4]
Both (45) and (46) have the same denominator but different numerator. Given « and ¢. (435) can
he greater or smaller than (46) depending on the level of emission per unit of output and the
amount ot pollution that country 2 transfers to country 1.

Using (43) and (46). the profits of the domestic tirm and the foreign firm in the presence

ot all special-interest groups are given. respectively, by

47 * * Ha V(3 2008 1500 2900 )
o P Tz - Tae: ’_lf"ll'-";‘: D720 525050, - °
and

N _ * * J“,_("_l;“:“:-(—5'.4”i7 1 ‘
(48) O Ty jon - Taqgy 1= 312 1702 8= (S [

s before. no comparison between (47) and (48) is possible unless we know ., and .
Next. suppose there are no active environmental lobbies in the two countries of the North.
Under this assumption we can solve the model to find a new equilibrium level of emission tax in

cach country. Thus. we obtain
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* — (u—c){—-li‘-&;‘(;x_, =X -l ): —J.;(.;:—ﬁ/l:l ’24/1»:,: )}

[ T -_ S T
(+49) Lo .’.f.-;—:.'.'(/):l4)*:‘;1."(/1:!—:X/1_-!—|)'I '
and

©ta=o)[ =8 oy <20y 1) e (32 =R =12 )]
(>0) 0l A 3207 g b8ty =20, -1 ) ’

Since in this case there is no environmental group. in maximizing the joint pavoffs the incumbent
governments do no take into account the weltare of the environmentalists. Thus. regardless of
whether the environmentalists are green or supergreen . the equilibrium levels of environmental
policies in this case are equivalent to those obtained in the green model with transboundary

poltution. The protits of the domestic tirm and the foreign firm are given. respectively. by

- * * Ha ):I_: 1.‘,‘:(: 04, »;,v: : )l:

X - = - . _
(2 l, (ol’fl.lli R T J [3 2700 h1-8a7 (. 2 THE -
2 I AN S T

(>_) DTy gy Ty 1= (3 3t DS T el

which are identical to the protits of the firms in the green model when the environmental groups
were absent. By comparing (47) with (51) and (48) with (32). we see that the protits of the
domestic and foreign firms can increase or decrease with the emergence of the supergreen
environmental lobby. An increase in the tirm’s payvott. in the presence of environmentalists.
should not be surprising. specially when a tougher environment regulation can create oligopoly
profits tor the tirms in the industry. For example. Melnnis (1992) shows that CFC producers
supported the Montreal Protocol to secure such protfits.

The damage to the environments of the home and foreign countries in the presence of all
lobbies are given. respectively. by

dtu u'.v."'|I“;.'t,-. 1y e ~lilz

- * *
133) T g ) S T g
.- e o) 2002 [3-2:07050 -2 . D2, S




o017 ot D320 040 ay
- * * 'z [N
(34 ATy Taqon )=

(3207050 -2 e P2 T

As is clear. the quality of the home environment can be higher or lower than that of the foreign
country. depending on the amount of pollution inflicted on country 1 and the level of emission
per unit of output. The damage to the environment of the home country and the foreign country

in the absence of the environmentalist groups are given. respectively. by

i3 . * *  h ‘.:,,--"[4,-;5(}.: 1 '-(;':‘-HI"
(2>) ‘ll‘l.l“ e 0 /—‘;7:“_'"': V_“‘s‘.::“‘? :"f':' “.‘lz -
(36) I * Mol 3 2o D, -he
-0 T e ) [3-207 00 -0 =8t e DT

Obviously. these are identical to those obtained in the green model when no environmentalist
was present in the economy. As before. no comparison hetween the two countries is possible
unless we know the amount of emission per unit of” output and the transboundary pollution.
However. from Proposition 3b of Chapter 3 we can infer that the presence of supergreen
environmental interest groups in the industrialized countries will improve the quality of the

environment in the North.

4.8 Conclusion
[n this chapter. we tormulate a non-cooperative game between two countries of the North.
Organized environmental movements are assumed to exist in both rich countries. There are also
two tirms cach located in ditferent country. The firms compete in a market located in a third
country.  The game is played between  different  special-interest  groups  --  namely.

environmentalists and industries -- and the incumbent governments in the North.
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This chapter studies how environmental policies are determined endogenously in the
Northern countries. We see how the presence of environmental interest groups in the North

attects the quality of the home environment and the pavotts of the domestic and foreign firms.

-

In general. it is shown that  the cquilibrium emission tax in each Northern country

4]

depends on the cost and emission per unit of output. the weight that each incumbent government
attaches to its social welfare. the amount of emission that flows from one country to another. and
the type of environmentalists.

This chapter finds that when the environmental groups are greens and there is an absence
ot transboundary pollution. the emergence ot environmental lobbies lowers the protits of the
domestic and foreign firms and improves the quality of the environment in each country.
IFurthermore. we find that the net pavotts of the industry lobbies are always positive in political
cquilibrium. This might provide additional incentive tor firms to be active on the political scene
of their countries.

[n the presence of the green environmentalists. when we allow transboundary pollution.
we find that the equilibrium emission tax and the firm’s profit in each country are very sensitive
to the amount of pollution transferred from one country to another and the amount of emission
per unit of output (ie.. 0 and £.) Hence. the impacts of environmental lobbies on the firms
profits are not known unless we determine these two parameters. However. the quality of the
environment in cach country will improve with the emergence ot green environmental lobbies.

This chapter also considers a case in which the environmentalists are supergreen. We
tind that the quality of the environment in cach Northern country might improve or deteriorate

with the emergence of supergreen environmental groups. depending on the amount of pollution

-
&
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flown from one country to another and the level of emission per unit of output in each country.
However. the presence of supergreen environmental interest groups in the industrialized
countries will improve the quality of the environment in the North. This might provide some
insight for lobbying to limit GHG emissions.

In Chapter 3 and Chapter 4. emission per unit ot output. £. was treated as a constant. In
the following chapter. we will assume that the emission-output ratio can be influenced by
civironmental R&D investment conducted by firms. We will see how our results will be

aftected by this new assumption.



INNOVATION, STRATEGIC ENVIRONMENTAL POLICY, AND
NORTH-SOUTH TRADE

5.1 Introduction

[he prevailing view among many cconomists is that there is a trade-off between economic
competitiveness and environmental quality. Some cconomists and policy makers believe that there
is no contlict between economy and the environment. They claim that in a world in which
mnovation plays a crucial role. tougher environmental policies might not make an industry less
competitive in international markets. The idea is that more stringent environmental regulations
might encourage firms to innovate greener technologies ahead of their rivals and hence increase
their long-run competitiveness.'

This chapter incorporates environmental R&D into the North-South model developed in

Chapter 3. The goal is to study how strategic behaviors of an environmental lobby and a

" See Michael Porter (1991 ). and Porter and van der Linde (19935a.b).

129



domestic firm which competes in an imperfect international market will affect environmental
policies. We will assume that ditterent international agreements have ruled out the use of any
trade polic_\'.: Thus. all the results are derived under the assumption of trade liberalization. As
hefore. in our model. the motivation for an incumbent government to use environmental policy
does not arise from the objective to maximize social weltare. but from its selfish desire to
maximize its political support.

This chapter also seeks an answer to the question of whether environmentalists. through the
pressure they exert on politicians. are successtul in raising the quality of the environment. and
which interest groups will benetit from the political process. In this political process. an
cnvironmental interest group that secks to influence the environmental policy set by politicians will
contront an industry interest group which will be pressing for laxer environmental policies.

Environmental R&D investments are assumed to be undertaken by a firm located in the
Northern country. The idea is that environmental regulation adopted by the Northern government
inducees its domestic tirm to innovate greener technologies. This. in turm. will reduce emission per
unit of output in the industrialized country of the North. Since cost-reducing or process R&D is not
central to our focus. it will be ignored in this thesis. Fmission tax is the only policy instrument
used by the Northern government. Contrary to the Northern country. the government in the South
stll sees a trade-oft between cconomy and the environment and hence will not pursue an active
environmental policy. Given this assumption. the firm operating in the developing country does

not have enough incentive to undertake environmental R&D.

" A already shown in Chapter 3. trade policy can also be incorporated into our model. However. the world trend is
to remose barriers to international trade.



This chapter is organized as follows. In Section 3.2. the basic model is presented. The
game formulated in this section follows the approach used in the previous chapters. Section 5.3
characterizes the Nash equilibrium. Section 3.4 introduces some functional forms. In this section.
more specific results are derived. In Section 3.3, a numerical example is constructed to show how

the model works. Section 3.6 contains some concluding results.

5.2 The Model

Consider a commodity whose inverse demand curve is represented by p: ¢ — p(¢). Suppose that
the market for this commodity is located in a country -- called country |-- and is served by only
two firms. with firm 1 located in country | and tirm 2 located in another country -- called
country 2. In our model. country 2 might be a developing nation of the South which is more
preoceupied with raising the income of its population than improving the quality of its own
environment. In what tollows. country | and country 2 will frequently be referred to as the home
country and the toreign country. respectively.

The production activities of cach firm generate a certain amount of pollution. part of
which might cross the border and flow into the other country. For each i=1.2. the output of firm /
is denoted by ¢, Let & be the level of environmental R&D undertaken by firm 1 which is
operating in the industrialized country. The total cost of producing ¢, and the pollution generated
by ¢, are denoted. respectively. by ¢((¢) and ¢ (¢ . k). [t is assumed that ¢,(¢,.4,) is increasing in
¢y and decreasing in k. Moreover. since we assume that the Southern country does not actively
pursue any environmental policy. its domestic tirm doses not invest in environmental R&D. The

pollution generated by ¢, is denoted by ¢s(¢-). Let ¢jj be the transboundary pollution tlowing



trom country / into country ;. i=f. that arises from the production activities of firm 7. The total
pollution intlicted on country 1 and on country 2 are. receptively . given by

XY igaky) = ety k- ¢ ] g k) = esg o).

Xalg k) = ealg2) - ealg ) = e gk
[.et di(x() and ds(x,) be the damage suttered. respectively. by country | and country 2 when the
level of pollution in these countries are. respectively. given by x,and Xs.

Suppose that in country | there exists a group of environmentalists who actively seeks to
improve the quality of the environment. while in country 2 such a group is practically
nonexistent. The existence of environmentalists as a special-interest group in the industrialized
nation of the North can be attributed to the high income enjoved by its citizens and where the
quality of the environment becomes more and more important when the country grows richer. In
our model. the Southern nation is more preoccupied with raising its income than improving the
quality of the environment.

As a special-interest group. environmentalists in the home country behave like a single
agent that we call the representative environmentalist. The utility of the representative
environmentalist is. as before. assumed o depend on the quality of the environment and the
consumption of’a numéraire vood:

HlM. Xy X3) = m -1y Bi(xy) - 19 (0x6).
Here mis the amount of the numéraire good consumed: 7,>0. 17,20 are two constants: 3,(x,)
and 3,(x,) denote. respectively. the disutilities caused by the pollution at home and abroad. If

n-= 0. the representative environmentalist cares only about his own local environment and he



will be classitied as a green. On the other hand. when 77---0. his concerns are more global. and he
will be classitied as a supergreen it 77, is signiticantly positive.

[t is assumed that the incumbent government in country | actively pursues environmental
policy and has one policy instrument: an emission tax per unit of emission denoted by t that it
imposes on the domestic firm.  Environmental R&D investment is assumed to be undertaken by
firm 1. The incumbent government in the industrialized nation has utility function that depends
on the politcal contributions it receives and some measure of social welfare. Following
conventional applied welfare economics. we assume that social welfare is given by the sum of
consumer surplus. producer surplus. and tax revenue minus the pollution damage.

The model is a four-stage game and its extensive form is as follows. In the first stage. the
representative environmentalist and the domestic firm announce their political contribution
schedules. The political contribution schedule to its own incumbent government announced by
the domestic firm is /,:(t) =/ (). Here we interpret £,(t) as the contribution the firm in country |
offers o its own national government it the latter chooses the policy 1. The schedule announced
by the environmentalist at home is fy:(t)—f201). We interpret £, in the same manner as f;. [n the
sceond stage. wking (f./5) as given. the home government chooses T to maximize its objective
tunction. In the third stage. the domestic firm chooses its level of environmental R&D. In the
tourth stage. given the levels of environmental R&D and the emission tax. the two firms choose
their output levels to maximize protits. We use backward induction to find the subgame-perfect

cquilibrium tor this game.



The fourth stage
Suppose that &, is the level of environmental R&D chosen by the domestic firm. Given k, and t.
the two tirms choose their own output levels 1o maximize profits. If (¢, (k,.T) ¢~ (k..T)) is the

Cournot equilibrium. then

(1 ¢/|=(k,.r)= argmax [¢, Py, - (/;::(/(,.r))- crlyg)-t c[(q])].
q

(2) q::(kl.t): argmax [¢- p(q,:(/\',.r)* q2) - ¢xlys)].
q>

Let ¢ k0= ¢, (k1) ~ ¢2"(ky.T) be the total output of the two firms under Cournot equilibrium.
The profits of tirm [ and firm 2 are given. respectively. by
Tk = ¢, k) ply ko - Crgy kLT e gy k).

Talh 0= ga (ko) plgik, o)) - ¢ g kT

The third stage

[n the previous stage. the levels of R&D were treated as exogenous. In the third stage. firm |
takes t as given and chooses &; to maximize its profit. If k(1) is the cequilibrium level of
cnvironmental R&D. then

(4) ki"(t) = argmax [7,(k,.T) - 1, ky ).
ki

Where 7y is cost per unit of R&D for firm 1 and is assumed to be a positive constant. Let
(3) PUT) = gylk (. T - k(. i=10)

We can also interpret (5) as the payott of the domestic tirm gross of its political contribution.

Also. let @~(t) be the gross pavoft of the representative environmentalist. then



(0) OAT) = - 1y 3 (g, k(1) gs (kT (0).T)))
=172 8 2(xs (g (hy (T T gy (ko).

Under the equilibrium (¢, (4, (1).1). ¢~ (k,"(7).7)) the consumer surplus. the producer surplus. the

tax revenues. and the pollution damage sutfered by the home country are given. respectively. by

i7) o) = JT,"M:L” /7((/)(/(/-(/:(/\’|:(T).T) p(t/:(/\',:(‘c).r)).

(8) AT =gy 0T k0. - ety (LT - T e, k(). k(o).
(V) OAT) =Tey, kLT k(o).

(10) 1) = dyxlgy k(T s koL ko).

Hencee. the total weltare. conditioned on the policy choice t. is given by

il M(T) = (T) = OAT) = O{T) - Cry(T).

Assuming that the home government's objective function is a linear tunction of the political
contributions and social weltare. we can write its utility . conditioned on fi./>. T. as tollows

(12 Lo =it - o] = luae).

where o is a positive constant.

The second stage

In the second stage. taking (f1./,) as given. the home government chooses T to maximize its
objective function. Let N(f./2) be the set of environmental policies that are best responses to
o) e

(13 R S f~) =argmax [ f.45.7).
T



The Nash Equilibrium

\ combination of strategies (f, ./~ .t ) is a Nash equilibrium it the following conditions are
satistied:

a) The chosen environmental policy t represents the home government’s best response
o/, and £l T e R,

b) For jj'=1.2. /= . 1aking f/'" as given and the reaction of the home government into
account. a best political contribution schedule that lobby j can announce is /, More precisely.
the tollowing inequality must hold for any possible contribution schedule I

sup [(pi(‘t.)- fto < [(pi(r') -/,"*(r' ).
e R )

As we showed in Chapter 3. the inequality in by is sutticient tor /, to be lobby j's best
response o /, the political contribution schedule of lobby j°. This inequality is also necessary

il'/," is best against f;

Assumptions

Fhe following assumptions are imposed upon the model.

|\/

Assumption 1: For © and k, he positive constanis, = >0,k >k>0 .

!
Assumption 2: The demand function peyy satisties p i)+ 0. pet)) - 0,
Assumption 3: For i =1.2. the total cost function ciqj) satisfies cit0)=0. cj'tqp>0. ci"tqy 0.
. . o o : > ?
Assumption 4. For i =1.2. the emission function eijtyp.k;) satisfies de/dyi=>0. d-=e/dqi= 20 and
b b
desdki=0. d-c-dkj-~ 0,
Assumption 5. For cach ij=1.2. the disutilinv funcrion Fij(xj) is a strictly increasing and convex

function of the pollution level in country |,



Assumption 6. For cach j=1.2. the political contribution schedule fj:(1) = fj(T) is a nonnegative

and continuous function of <.

5.3 Characterization of the Nash Equilibrium
[he game just formulated can be solved with the help of the machinery developed in Chapter 3.
Propositions | through 7 of Chapter 3 also hold for the present game. In particular. the following

result is the version of Proposition 4a of that Chapter for the current game.

PrROPOSITION 1: If f} . (3.7 is a Nush cquilibrium that is Parcto cfficient for the
mdusiry lobby und the representative environmenialist. then
114 T = urgmax [P (T) — 0-(T) = (1)

T

Under some reasonable hypotheses. the maximization problem (14) will have a unique solution.
i.c.. the environmental policy adopted by the home government is generally well defined. Also. if
T is an interior solution of (14). then the tollowing tirst-order condition is satistied
(1) D(p,(f.) - D(p;(r.) ~aDo(t ) =0,
Fquation (13) will be use in later sections to determine the emission tax.

To continue with the characterization of the Nash equilibrium. let us define

PRLITIAY

(16) vt = max |aar o

r



(17) v =max (oo - amro]. j=1.2:

'
!

T

(18) VIS =max (00 - o0 - aon ).

IFor any combination of strategies ¢ = ¢f7./2. 7. let
dl N =f(o ~ f(D ~ aono.
OV =pn-firn. =12

The arguments used to establish Proposition 4¢. 4d of Chapter 3can be repeated verbatim

to obtain the tollowing result.

PROPOSITION 2 Let of) 157 21 be a Nush cquilihrium that is Pareto cfficient for the
mndusiry lobhy and the representative environmentalist in the home country
ar A VT T T N T N then the net pavoffs for the  home
coverimment. the domestic tirm. and the domestic environmentalist are unique and given,
respectivelv, by
(i gu &) = O L
(i) gy &) =
(iid) o &5 = v o
cH lf v v ) =S S 2T e dhen the pavoff for the home government is
unique and given by

max

. , E
() @)= v,



the sume level of pavoff'it obtains by including only social welfure in its objective function. On
the other hand. the net pavoffs for the two domestic special-interest groups are not unique but

constitute a line segment defined by the following conditions
'VYX.I‘\ l":,.l\.

.. * Lk
(i) @& ) = (&) = vl -

RN *
() G &) < vy

IN

. ¢ ¥
(V) (S

5.4 The Model Under Some Special Functional Forms
5.4.1 Functional Forms
Fo gain more insights about the solution of the game. we shall introduce some functional forms
for consumers™ demand. producers™ protits. environmentalist's utility. and pollution damage.

lhese special tunctional forms allow us to obtain an explicit solution ot the game.

Consumers’ demand

he general structure of demand tacing the two tirms should be familiar from previous chapters.
[he following inverse demand function is assumed

)] p=d-g.

Producers’ profits

As before we assume that the domestic and foreign firms have the same cost function that has the

following form

1:()) L'i((/i) = L'(['l . 1 :l.:..



where ¢ is marginal cost. Let us assume that the emission function of firm | takes the following
torm

(2h ey k) =gtk = £ expr-kyg,.

where & is a positive constant. When there is no environmental R&D (i.c.. k;=0). emission per
unit of output is equal to Z . Since firm 2 -- which operates in the Southern country -- does not
nvest in environmental R&D. its emission per unit of output. .. 1s equal to £ . Note that the

cnvironmental R&D production function exhibits diminishing returns.

Social Welfare
Let epaly k=& expl-kyyg, be the transboundary pollution flowing from country | into
country 2 as the result of production activities of firm 1. Similarly. let ¢aly-)=pn € ¢ be the
transboundary pollution tlowing from the Southern country into the Northern country. The total
pollution intlicted on country 1 is then given by

g g2k == o) 5 expr-kpgy - pay g
where 0 oy | for ij=1.2: izj. The transhoundary eftects are captured by parameter p;. When
#%=0. no pollution tlows trom country 7 into country /. Similarly. the total pollution in country 2
IS

Nl g k) = (-pa ) gy = i expr-kg,.

The tollowing functional form is suggested for the environmental damage in country /

dilxj) = .\',': i=1.2.
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The environmentalist’s utility
I'he disutility function is assumed to be ot the tollowing torm
3ixp) = /.\‘,'/:. =12
Next. we use the above tunctional forms to tind the cquilibrium level of emission tax in a

four-stage game.

5.4.2 Environmental R&D in the North-South Model

Using the above functional forms we now derive the cquilibrium level of emission tax in the
presence of environmental R&D investment in the North-South model. Let us begin with the last
stage of the game. In stage 4. the emission tax t has been fixed by the home government and
civironmental R&D - in the amount &, - has been made by the domestic tirm. Taking as given t
and &. the domestic and foreign tirms play a Cournot game in output levels. [t ¢ is the output
tevel of the toreign firm. then the domestic firm’s best response o ¢, 1s obtained by solving the
tollowing profit maximization problem

(22) MAX [ (=g - g0y - ey - T expi-kig, ).
¢4

Similarly. it . is the output level chosen by firm 1. then firm 2 - the foreign firm - solves the
tollowing protit maximization problem

(23) maxf (a-q, - ¢l - s/
Y

I'he reaction tunction’s obtained by solving (22) and (23) can be used to obtain the tfollowing

Cournot equilibrium
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(24) ¢y kT = [u-c-2tE expi-ky) 3.
(23) g tkpty=fu-c 17 expi-kyy/ 3.

[n the third stage. tfirm 1 takes T as given and chooses &, to maximize its profit net of the
R&D expenditure. By substituting (24) and (25) into (4) we obtain

(26) k\"(t) = argmax [( (a-cV-dla-c) T expr-ky =4t £ - exp(-2ky) - 9rk, )9].
ki

i which cost per unit of R&D for firm 1. #,_is a positive constant.
The first and second derivatives with respect to &, of the objective function in (26) are
given. respectively. by
(27) [4la-c1T & expt-ky) -8T & ° exp(-2kyy -9 9.
(28) - [Hra-cit g expr-ky) -10 TiC expe-2k| 9.
[1'¢26) has an interior solution. then the following first-order condition must hold
(29) 8t 7 ° exp(-2ky) - 4tu-cit s expt-ky - 9r; = 0.

Obscerve that (29) is a quadratic equation in which has two solutions given by

. (LI—L')tV‘LI‘L":_ISI"
(30) expt-k) = 47

. . . N > , -
FFar the right side of (30) to be real. we need to assume that ra-cs--187, 2 0. Furthermore. for a
maximum. the second-order condition must also be satistied. i.c.. (28) must be negative or.
cquivalently.

(31) 4 1& expt-kyfra-c) - 4t expi-ky] 0.

[n order for (31) to be positive. we must have
(32) expr-k )< (u-c)/ 4t 7 .
The second-order condition. as represented by (32). rules out the larger root in (30). Hence if

k,“tT) is an interior solution of (26). we must have
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. (Ll*L.)_V‘LI_L'):_ISI'[
(33) expl-k, (1)) = 17s .

To learn more about the domestic tirm’s investment in environmental R&D as t varies. we shall
now analyze the first derivative (27) in more detail. First. observe that (27) is negative if t=0.
Heneeo when tis small. we have 4. (1) = 0. ic.. the domestic firm will not invest in
civironmental R&D. As t increases from (). there comes a point. say t= tM7 where k(1)
hegins to rise from 0 in a right neighborhood of @ To find this critical value of t. note that
when one set 4,= 0 in (27). this derivative will be negative tor ™R 5 ¢ > (), vanishes at t= min
and rises above 0 in a right neighborhood of o Theretore. T is the smaller root of the

tollowing quadratic equation in t:

(34) ftu-c)te -8t £ 7 -9 =0,
1.C.

. (LI—L')—V"ll_t,:—ISFH
(33) ohin = =

Now when tis in a right neighborhood of ©7 the domestic firm’s investment in environmental

R&D is positive and given by (33). i.c..

B m—uu—\(.r—.)"%x;-,r—]
{36 ki(ty =-n e _j

[Furthermore. using (33) to evaluate the outputs of the domestic and foreign firms - given by (24)

and (23) - under Cournot equilibrium. we obtain

(-« el VI RVR Y )“[Nl'I

(37) ¢, k() = "

I
A

Sta -« ,—\,(d—t'l. —l-’\'l'l

¢ (ky (T)T)

12



Observe the interesting result that the Cournot equilibrium represented by (37) does not depend
on t. Furthermore. as t continues to rise from the critical level t47. (37) remains the output
levels chosen by the domestic and foreign tirms under Cournot cquilibrium. Hence. the revenues
and production costs for each tirm remain the same as t increases bevond t/”. All that happens
is that the domestic firm’s investment in environmental R&D rises with 1 to keep the “effective
emission tax per unit of output”™. namely t& exp(-k, (1)), constant. The domestic firm reacts to
the rising emission tax t not by changing output but by increasing investment in environmental
R&D to reduce the emission per unit of output. With revenue minus production costs remaining
constant and investment in environmental R&D rising with 1. there will come a point. say t=
TNAYwhen the cost in environmental R&D completely oftset the profits (revenues minus
production costs) obtained by engaging in production. Hence. the domestic firm will shut down
when T2 g/hax,

Theretore. if the incumbent sovernment in the Northern country. under the influence of a
very strong environmental movement. sets the emission tax too high (fe.. t> tM4X) the
domestic firm has to leave and the foreign firm captures the whole market and hence will be the
big winner of this game. This might provide an example for the case where many consider as
contlict between economy and the environment.

As 1 varies. the output of the domestic tirm and its protits - net of production costs and

investment in environmental R&D — are depicted in the following figures:

144



g, (k7 (.

I
(a-¢) 3
(tl—n'l-\,(cl—C): -18n,
v 6
0 min nax -
Figure 1
(T}
&
- T
0 T/Maux

Figure 2

We are now ready for the central results ot this chapter.

PROPOSITION 3: Imagine that ar the heginning the environmental lobbhy does not exist.

i.e.. the domestic firm and the home government are the only plavers in the gume. Let 1y, be the

cmission tax chosen by the home government under this scenario. i.c..



(3N Top € argmax [@(T) = ue(T)].
T

Next. et us introduce the representative environmentalist on the scene and let tors  be the
emission tax chosen for the gume constituted hv the domestic firm. the representative
cnvironmentalist. and the home government i.c..

13Y) Turz € argmax [o(t) = o-(T) ~ue(T)].
T

Nuppaose that there is no transhoundary pollution and theat the environmentalist cares only about
his local environment. Then. under the functional forms adopted in Section 4.1. the Jfollowing
results hold.

() T 2 te . he. the emergence of the environmental lobby causes the home
Lovernment to raise the emission tax. with strict inequaline holding if 7., >0,

thi The emergence of the environmental lohby has o positive impact on the local
civironment. More precisely.,

(hi) If Jninx Z‘,,/;.. then the domestic firm will nor undertake any environmental R&D
activities. The improvement in the qualin: of the home government is brought about hv u
reduction in output of the domestic firm. which results in a less polluted home environment.

(h2) If ) < M-z then the domestic tirm. which did not carry out any
cavironmental R&D  activities hefore. will now  engage in these activities and cut back
production ar the same time. The combined result of these decisions is a cleaner home
CHYIrORMCent;

(h31 If tors 1o 22N then the domestic firm will maintain its output  level.

Furthermore. if it has not made any investment in environmental R&D. then o program on
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civironmental R&D will be started. On the other hand. it u program on environmental R&D has

already begun. then it will be intensified.

PRroOF: We have already shown that the output of' the domestic tirm is strictly decreasing

in TN =t 2 0. Hencee. the quality of the home environment is strictly increasing in 1 >t > 0
although the domestic tirm undertakes no environmental R&D activities in this case. When t
rises above t1M_ the domestic firm’s output remains the same. However. in this case increasing
mvestments in environmental R&D reduce emission per unit of output resulting in a cleaner
environment. Therefore. ¢-(t). the representative environmentalist's utility before political
contributions is strictly increasing in t. Using this last result and (38). we can assert that

(40) (p|(r‘,,.) - (p:(tm.) ~um(t.,,') ZOT) = @O-(T) ~eLe(T)

tor all t,,,. >t 2 0. It tollows trom (39) and (40) that r,,,:' > T”I.. [urthermore. assuming that
., is an interior solution of (38). we obtain the tollow ing first-order condition
(41) (n,'(rm')*a(-)'(r‘,,')=().

Because o) is strictly increasing in 1. we must have
(42) ‘Dl-(fnl.) =0 (T ) e (T ).

Theretore. 1,2 2 1, .with strict incquality holding it t,, > 0. Part a) of Proposition 3 is proved.
Part by of this proposition follows directly from the discussion leading to the statement of the

proposition. Q.E.D.

Proposition 3 asserts that the emergence of the environmental lobby increases the

=

emission tax in the Northern country. The more stringent environmental policy in turn will raise
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cnvironmental R&D investment in the North. Because the combined output of the domestic and
foreign firms decline when the emission tax rises. the total amount of pollutants emitted into the
global environment (home - abroad) will decrease. It is interesting to observe that the presence
of an environmental lobby which is seltish -- in a sense that it only cares about its own local
cnvironment -- still can have a positive impact on the global environment.

To make the problem more interesting let us focus on the case in which the domestic firm
i the Northern country undertakes environmenral R&D investment (i.c.. > TNy Then. the
tollowing  proposition holds regardless of the environmentalists® tvpe and transboundary

pollution.

PROPOSITION 4: Suppose thar ar the heginning, the domestic firm and the home
government are the only plavers in the game. Let 7,7 he the emission tax chosen by the home
covernment under this scenario. Next. vwe introduce an environmental group into the scene and
et zo> he the emission tax chosen for the game constitured by the domestic Sfirm. the
representative environmentalist. and the home government. If Tur and Z'u/_‘- are in the right
neighborhood of N then, under the functional forms adopted in Section 4.1, the following
results hold.

tur the emergence of the environmenial lohhby improves the quality of the home and

world? environments.

thy The presence of the environmental lohby causes the home government to raise the

CIISSION 1AX, L.¢.. Tur> 2 Tuy .

" Follow ing Chapter 3. we assume that the world consists ofonly two countries -- i.e.. one Northern country and one
Southern country .

148



PRooF: It the representative environmentalist is a supergreen. then from (38) and (39)
we have
(43) H_I-/j./ r,,,;'/-S(.\',/z',,,_v./..\':/ Tors 1) 2 0 - Hx | a.,'),x:( z.,')).

[ the environmental lobby s political contribution is positive. i.e.. it f2 ¢z, >0. then it follows
direetly trom (43)
(44 AN r,,,;'/..\-llr,,/;'// - r..[';..\':( ot ).

Now. it the environmental lobby only cares about its own local environment. then (44)
implics that x,r r,,,;./fi xf Tos ).

Next et us consider the case where the environmental lobby is a supergreen. Since we
assumed that the level of emission tax in the absence of environmentalists is already on the right
neighborhood of ©777 tfrom (37) we know that the output levels of the domestic and the foreign
tirms are independent of emission tax. This. in wrn. keeps the total environmental damage in the
toreign country. vy(7) unaftected by any possible change in the level of environmental policy
brought about by the emergence of” a supergreen environmental lobby. Thus. (44) implies that
X0z 00 Xy g and (a) must hold.

We know that the output levels of the firms are not atfected by a variation in emission tax
provided ¢ - 77" Furthermore. from (21) and part (a) of this proposition we have
(+43) .\'|(/\'1(fu/_‘-ll< Xtk T 0.

[his implies

(4(\) /\'|(fu/_’./> /\’1(2',;/./.
[ence. from (36) we must have 7,2 =+ 7, . Part (b) of the proposition is established. Q.E.D.
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From Chapter 3 we know that in the absence ot environmental R&D. when the pollution
spills over from one country to another. the impacts of a supergreen environmentalist on the
cmission tax and the local environment are not determinant. However. when the domestic firm in
the industrialized country undertakes cnvironmental R&D investments. the emergence of a
supergreen environmental lobby raises the emission tax and lowers the damage to the home and
world (i.c.. the Northern country and the Southern Country) environments regardless of the
amount of transboundary pollution.

To contirm some of the results obtained in the propositions. let us consider a case in
which t>t"7 (ie.. the domestic firm undertakes an environmental R&D). Suppose that the
representative environmentalist in the Northern country is a green and there is no movement of
poltution across the countries (i.c.. p;-=g%,=0). [n this case. the derivative of the damage tunction
i country | with respect to tis given by
(47) c/,'(r):-()r,:'S'c;.
which is clearly negative. Hence. an increase in the emission tax lowers the damage to the
environment of the industrialized country. The intuition is that tor T > t”7_when the incumbent
government in country | increases the emission tax. the output levels of the two firms will not
change while the domestic firm induced by higher tax will enhance its environmental R&D.
This. in turn. lowers the emission per unit of output and hence improves the quality of the home
cnvironment. Moreover. since the output level of tirm 2 is also independent of 1. in the absence
of transhoundary pollution. the total pollution and hence the environmental quality of country 2

are independent of the emission tax imposed on firm 1. Thus. an increase in the emission tax also



improves the quality of the world environment through decreasing the damage to the
environment of the Northern country.

When the environmentalist is a green. we set 1, =1 and 7, =0. The utility of the
representative green environmentalist is given by
(48) P 7 =0T- 9r, 16T,
which is clearly an increasing tunction of the emission tax. Hence. in the green model with no
transboundary pollution. an increase in emission tax will have a positive impact on the payvoff of
cnvironmentalists. However. this result holds regardless of the environmentalists type and the
amount of transboundary pollution. More explicitly. the derivative of the utility of the supergreen
environmentalist with respect to the emission tax is given by

(49) (Dz-( T =(r ! STS): i p,;-l )I ()"1(})31-1 -&T Al S(LI“L')_‘iLI—L'): - 18r )l -
f]: p!l[c)"lpll"; T (/’:]'l N _‘-(LI“L‘)—\(LI—L'): -18r )l:.

Since 1-pps s 20 and 5(‘,_L-,_\(TL-;W 20. then (49) must be posilive.J Hence. no matter
whether the  environmentalist is a  green (ie.. 17:=0) or a supergreen (i.e.. m-=1). his utility
increases with a rise in the emission tax. This has been made possible by introducing
environmental R&D to the North-South model. The reason is that for a sufficiently high level of
the emission  tax. a tougher environmental policy induces the domestic firm to undertake
environmental R&D or enhances its existing R&D program. This. in turn. will lower its emission
per unit of output. while keeping the output level of the foreign firm unchanged. Thus. the
quality of environments at home and abroad will improve. One should also note that the amount

of pollution that flows from one country to another will not alter the above result. It makes the

"From (37) we know that Y —¢) - v{d =) =18 iscqualto [2¢. and hence cannot be negative.



result ot this chapter very different torm those obtained when no environmental R&D was
possible. As we have shown in Chapter 3. the impact of emission tax on the utility of the
representative environmentalist was very sensitive to our assumptions on the environmentalist's
tyvpe and on the amount of pollution that crosses the borders.

Now we can solve the model to tind the equilibrium level of emission tax. When the
came is played by the incumbent government and both environmental and industry lobbies. the
cquilibrium pollution charge is given by

(30) T =055 prped-prasta= gy =i - 1E L el=Yppa) - t-pr2itany-p12 mo| ~

NEERY -i-»:.-."[up:.(p.: -h-p.n ~,):.1)‘:t// -/;n -/;Tr)]? - 288« IA-r‘u((;‘.: =0~y -p o L1601+ a).
where = (-o) ~18- . Given a. the equilibrium emission tax t~ depends on the cost per unit of
output. ¢. the emission per unit of output. 7. the weight that the incumbent government of the
Northern country attaches to social welfare. «. the amount of the emission that spills over trom
one country to the other captured by py; (/=) and  the type of environmentalists denoted by 1,
and ns.

As an exercise. we take the case in which there is no transboundary pollution (i.e..
12=p21=0) and our representative environmentalist is a green (i.e.. 7,=1. 7,=0.) Suppose that the
weight on the social weltare. a. is one. In this case. when the two lobbies and the incumbent
government are present in the economy. from (30). the equilibrium emission tax is given b}"‘.

{

vV

¥

(¥}

-

(SI) T(”::

:

" In this case we obtain two solutions. Since one of them is negative. it is ruled out by assumption 1.



To see how the emergence of an environmental interest group affects the equilibrium

emission tax and hence the quality of the environment in the North. we eliminate the
environmental  lobby from the model. When the  game is only between the industry and the
covernment. equilibrium emission tax is given by”

—_—

iyr

4

‘5:) T‘” =

By comparing (31) with (32) it is clear that the emission tax is higher in the presence of the green
environmental lobby in the North. We have already shown that a more stringent emission tax
raises environmental R&D investments and lowers the home and the world environmental
damages. [tis interesting to observe that the presence of an environmental lobby which is selfish
-- in a sense that it only cares about its own national environmental damage -- has a positive
impact on the global environment. Furthermore. as we have shown. an increase in the emission
tax will lower the gross pavott ot the domestic tirm in the Northern country and increase the
uttlity ot a green environmentalist.

Next. suppose that there is no industry lobby in the cconomy. The equilibrium emission

tax in this casc is given b

v

- ’/’
- - VN
{(>) t”: = 5

[1" political contributions do not enter the objective tunction of the home government. the

covernment in the North will maximize social weltare. as defined by (11). In this case. the

cmission tax Is given by

=

\s before we have ruled out the negative solution for emission tax.
In the traditional approach. t,” is called “socially optimal level of emission tax™ because it is obtained by
maximizing social weltare.
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Form (51).(32).(33). and (34) we have 1. -1,'=1,,-" -1, . Thus. in the presence of all lobbies
in the game. the equilibrium emission tax is also socially optimum. This surprising result differs
from the one obtained in Chapter 3. [t shows that those pressures exerted by various lobbies on
their government offset cach other.™ As is clear. when the green environmental (industry) group
is not active. the emission tax is below (above) its socially optimal level.

Next. we consider the impact of the environmental group on the net payoft of the
industry. Indeed. we will contirm Proposition 6 of Chapter 3. When the environmentalist is a

green. U - and [CelY - el )= et - ) are given. respectively. by

I 0]z il

(33) :/(I—g‘/—’ltl-c‘l\(u-._-):-—IS;- 493 -18m -18 In'é[(u-g-)—\,(u—c): -18r | E\/'T“'l&
- ~ R — A — N —_— _
(30)  rascim = tascr(a oy =18 =613 =187 -18 ry logl (- cr-yta-c)” -18r | g\/F]:/IS.

[tis clear that (33) is greater than (36) and hence. according to Proposition 6 of Chapter 3. the

net payolt of the domestic firm will decrease with the emergence of the environmental lobby. To

=

contirm this result. the net payotts of firm | before and after the appearance of the environmental

g N 1 S - . . ~ = —*‘-_ -_— ’
(37 LA L FUU-C)= = ta=C) (=) - 18 -)l.?l']’|-\'I‘||Hg|(u—L')-V(u—c)' -18r | a;\j;— I /18.

=:/cl-c/2*/u~w\(u—u: - 18 -43,31'|°ISI'||0‘¢’[(U—c)—\j(u—c'): -18r, | E\/F]:/IS-

‘ 5‘\) ) ""I..l,\ - "‘V:I‘.l\

Since (37) is greater than (38). the net payoft of the domestic tirm is lower in the presence of the

environmental interest group.

" One should bear in mind that this result is made possible when the level of emission tax is high enough to induce
the domestic firm to undertake cnvironmental R&D and the government has no preferences over the pavoffs of
lobbies  which means it attaches same weights to the welfare of both lobbics.
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To sum up. the emergence of the environmental lobby on the political scene of the
industrialized country raises the environmental R&D investment. lowers the profit of the
domestic firm. and improves the quality of the home and world environments by inducing its
incumbent government to adopt more stringent environmental policies. Moreover. when only one
tobby 1s present in the cconomy. the cquilibrium emission tax is cither below or above its

socially optimal level.

5.5 A Numerical Example
able 1 presents the results ot a numerical example for n, =1. no=0. u=200. ¢=10. ¢ =1.

T =107, ri=1.and a=1.

Table 1 Green model without transboundary pollution

- k, d, Q. 0- Joint pavoff
Social Wellare. o 1.06 4.49 0.5 ] 400562 99.3 12027.6
Government plus environmentalist group [.30 4.84 25 1 400527 99.8 12127.2
Government plus industry group n.7s 413 1.0 | 400596 99.0 16033.4
Government plus both lobbies [.06 149 0.5 | 100562 99.5 16132.7
Form. Lon> O a 200.¢=10. & -Lonr 10 e Land o 1. = emission tax: i 7 the environmental damage in

country 1o profitof the domestic tirm: . gross pavott ot the representative environmentalist.

As Table T shows. when only the industry lobby is present in the model. the equilibrium
cmission tax is 0.73. After the environmental interest group comes to the scene. the emission
tax increases to 1.06. In this case. the profit of the domestic tfirm decreases from 4005.96 to
4005.62. the quality of the home environment. «/; improves. This. in turn. raises the gross payoff

of the green environmentalist from 99.0 to 99.3.



The higher the equilibrium emission tax. the larger the amount of environmental R&D
undertaken by the domestic tirm in the industrialized country. In Table 1. as the third column
from left shows. the amount of environmental R&D in the North increases when an
environmental group comes to the scene. The table also shows that the emission tax is below
(above) its socially optimal level if the environmental (industry) lobby does not offer any
political contribution to its government.

From Table 2 one can see. v")% - 0™ = 410512 is  greater than AR T b G T
1) = 410477, Henee. according to Proposition 6 of Chapter 3. we know that the emergence of
the environmental lobby should lower the net payott of the domestic tirm. In this example. the
net payott of the domestie tirm decreases trom 4003.81 1o 4005 .46.

Morcover.  since in this  example  ¢70 -0 e ey s -t ) from
Proposition 7 of Chapter 3 we expect the home government’s pavott to rise with the emergence
ol the environmental lobby. As Table 2 shows. the government's net payvott in the presence of

MIRAN

the environmental group. ie. @g,= ™ =™ _ " s equal o 12027.9 which is greater than its
= p | M [ l =

et payolt in the absence of the green environmental lobby. i.e. ™ =12027.6.

Table 2 Green model without transboundary pollution: Net pavotts

N LN ’ln.l\ "”.l\ M .'”.X\ M ’[n.l\ ’”‘4]\ 'ln.l\ _ 'l"-'l\
[ e Vi - Vo L L AP I LT I M=V, -
AN '”Ll\ '”|.|\ ’”l.l\ ’!“.I\ ’lnnl\ 'IH;IX ,"Ll\
v, Y L) Vi Vi - Vs Vor Vo
12027.6 16132.7 410512 4003.81 4003 .46 99,31 4104.77 12027.9

Form, - ln>-0Oa=200c=10. £ =1 and a-1.

The political contribution ot the domestic {irm and the environmental lobby are. respectively.
0.133 and 0.19. As expected. the political contribution of the environmentalist is higher in this

case due to the higher weight  that the incumbent government attaches to the welfare of the
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domestic firm by including producer surplus as a component of social welfare. The results

obtained in Table 2 are also illustrated in Figure 3.

bz
i TS 1T the net payott of the domestic firm
""lZ d6132.7 M.’ AN LIy e - . .
: 1.y -V, = the net pavott of the environmentalist
TN C | TV o
ViR e 9930 M,
1
O ,man PRLLFAY l',m‘j\ - [() | ‘:" 7 !
! 012 -1 ns e o
= 400546

Figure 3 Green model without transboundary pollution

As this figure shows. since C lies below MM, the Pareto efficient frontier is a single point.

Hence. we have a unique solution for this game.

5.6 Conclusion

[n this chapter. we extend the models developed in Chapter 3 to include environmental R&D.
The focus is on the emergence ot the environmental movement in the context of North-South
trade. The motivation for an incumbent government to use environmental policy arises from its
seltish desire to maximize political support.

This chapter seeks an answer to the question of whether environmentalists who confront an
industry lobby -- through the pressure they exert on politicians -- are successful in raising
environmental standards. and which interest groups will benefit from the political process. We tind

that environmental regulations adopted by the Northern government. if properly designed. may
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induce its domestic tirm to investment in environmental R&D 1o reduce its emission per unit of
output.

The chapter tinds that the equilibrium emission tax in the Northern country depends on
the cost and the emission per unit of output. the weight that an incumbent government attaches to
soctal weltare. the amount of pollution that countries transter to cach other. and the type of the
representative environmentalists.

When the environmentalist is a green and pollution does not cross borders. we  tind that
the presence of an environmental lobby in the industrialized country might raise environmental
R&D investment in the North. lower the profit of the domestic tirm. and improve the quality of
the home and world environments by inducing its incumbent government to adopt more stringent
cenvironmental policies.

No matter what the type of the environmentalist or the amount of transboundary pollution
ts. we find. tor sutticiently high levels of emission tax. when esmvironmental R&D is introduced
to the North-South model. the emergence ot an environmental lobby raises the pollution tax and
lowers the damage to the home and world environments. These results are ditferent from those
obtained in the absence of an R&D program. In Chapter 3. we saw that the presence of an
cnvironmental lobby could increase or decrease the emission tax and the quality of the home
and the global environments. depending on the amount of transboundary pollution and the
environmentalist’s type. Furthermore. the chapter shows how the absence of one interest group
from the model will deviate the equilibrium emission tax from its socially optimal level.

This chapter also shows that a more stringent emission tax set by the incumbent
covernment in the North can have three different impacts on the domestic firm: (1) if the

environmental policy is too low. the domestic tirm will not undertake any environmental R&D
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and it will cut back its output: (2) if the tax is too high. the firm will shut down and the foreign
tirm will capture the whole market: and (3) it the emission tax is in a certain range. the domestic
tirm will undertake environmental R&D investment and the market share of domestic firm will
not be attected. However. as we have shown in this thesis. in a political-ecconomy model there is
no guarantee that an incumbent government will choose an environmental policy to keep its
domestic tirm competitive in the international market.

Finally. while the chapter finds that a more stringent environmental regulation might
mduce a domestic firm to undertake R&D investments to reduce its emission per unit of output.
it tails to confirm that this will raise the firm’s profitability or competitiveness in the
international market. In fact. it shows that an increase in pollution tax torces the domestic firm to
cither cut back its output or raise its R&D expenditure. In cither case. the profit of the domestic

tirm in the Northern country declines.



CONCLUDING REMARKS

6.1 Summary

This thesis adopts the "political support” approach which was advanced by Stigler (1971)
and uses the game-theoretic framework ot a first-price  menu auction formulated by
Bernheim and Whinston (1986) to analyze the political economy of environmental policy
when countrics are engaged in international trade. More specitically. this thesis seeks to
clucidate the endogenous determination of environmental policies in the context of
North-South and North-North relations when pollution generated in one country can cross
the border and tlow into another country.

Taking it as a given whw environmental and trade policies should be
implemented. the contribution of this thesis is to provide a theoretical framework for how
environmental policy is atfected by the political influence of environmental and industry

lobbies. Thus. the analysis is positive. not normative. One goal of the thesis is to show
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how interactions between ditferent interest groups and national governments may prevent
the adoption of socially optimal level of environmental policies.

In this thesis. the objective of an incumbent government for choosing
environmental policies is not to maximize social weltare. but to serve its selfish desire to
maximize political support. Hence. the assumption that a benevolent dictator will set the
policies to maximize social weltare or to correct so-called market failure is not accepted
in this thesis. Instead. environmental policy is determined as an outcome of a game
played between various interest groups and their incumbent national governments.

[n the games formulated in this thesis. special-interest groups announce schedules
ot political contributions to their own incumbent national government. The contributions
vary according to the policies set by the national government. The incumbent
governments will consider the political contributions of the interest groups in setting
policies. An equilibrium of such a game. played by various special-interest groups and
the incumbent national government. then determines endogenously environmental and
trade  policies. This thesis also seeks an answer o the questions of whether
environmentalists. through pressure they exert on politicians. are successful in raising
environmental standards.

In the political process. environmental interest groups that seek to influence
environmental and trade policies will contront industry interest groups with agendas of their
own. Domestic firms in duopolistic industries will be pressing for laxer environmental
policy and seeking protection against forcign competition. Environmentalists might be

opposed to protection if it leads to more destruction of the environment. Environmentalists
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might be pressing for tougher environmental policy and may also have common cause with
protectionist tendencies it they believe that liberalized trade will result in the deterioration
ot environmental quality. The games formulated in this thesis capture some salient aspects
of these interactions.

In order to achieve our goals. we formulate several games to explain the political-
cconomy  implications  of lobbyving for environmental and trade regulations by
cnvironmentalists and industries in the context ot North-South and North-North trade. Our
cames ditlfer with respect to: one. whether international trade is between Northern countries
or between North and South: two. whether or not pollution can spillover from one country
to another: three. whether or not environmentat lobbies care about the world environment:
and four whether or not firms are engaged in environmental R&D programs. In our
analysts. pollution is modeled as a by-product ot production.

More speceifically. we find that an equilibrium emission tax depends on the cost
and emission per unit of output. the weight that an incumbent government attaches to
social weltare. the amount of pollution that countries transfer to cach other. and the type
ot environmentalists. [t also makes the case that. in the presence of lobby groups.
environmental regulations tend increasingly to serve minority interests at the expense of
the majority of society. In general. we show that socially optimal environmental policies
can be buried because they are not politically teasible. In another words. we tind that
since netther industries nor environmentalists are. by assumption. interested in social
welfare -- i.e.. environmentalists care about pollution alone and industries care about their

net profits -- the political equilibrium environmental and trade polices may be above or
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below those obtained by maximizing social weltare. depending on the  political
contributions of interest groups to their incumbent governments.

[n Chapter 3. we formulate a game between an industrialized country of the North
and a developing nation of the South. The implication of the North-South assumption is
that there is a vocal environmrental movement in the North that tries to influence its own
government’s policy on the cnvironment and that only the government of the
industrialized country actively pursues environmental and trade policies.

This chapter shows that in the absence of transboundary pollution. the emergence
of an environmental lobby that only cares about its local environment raises both the
cmission tax and the tarift. The end results are a better home environment and a decline
in the profit of the both firms. The intition is that in order to accommodate the
cnvironmental lobby. the home government raises the emission tax. To alleviate the
impact ot a higher emission tax on the domestic tirm. it simultancously raises the tariff.
The end result is an improvement of the quality of the home environment at the expense
of the firms” profits. Furthermore. when industry lobby doesn’t offer any political
contribution to the government and hence the game is plaved between the environmental
lobby and an incumbent government. domestic lirm’s profit is at its lowest level. but the
quality ot the home environment is at its highest fevel.

Morcover. this chapter finds that in the absence of transboundary pollution. when
the environmental lobby only cares about its local environment. the quality of its home
environment deteriorates with free trade. Hence. environmentalists might have an incentive

to join protectionist forces. This result might also provide support tor the argument that in



the free trade regime. even if the pollution caused by developing countries does not spill
over into other countries. nations with lax environmental standards provide their own
domestic firms with a cost advantage in the global market place and put pressure on nations
with high environmental standards to reduce the rigor of their environmental requirements.
fn the presence of transboundary pollution. when an environmental lobby comes
to the scene. the net payott of the firm operating in the Northern country can increase or
decrease. depending on the emission per unit of output and the amount of pollution that

countries transter to cach other. Nevertheless. in all of the above cases. the quality of the

=}

environment in the North improves with the emergence of a green environmental lobby.

1}

This thesis also shows that it the environmental tobby cares about environmental
quality both at home and abroad. then the quality of the home environment might be
higher or lower with the emergence of an environmental group. depending on the level of
emission per unit of output and the coetticient of the pollution spillover from one country
to the other. However. the quality of the global environment rises with the emergence of a
supergreen environmental lobby in the North.

Chapter 4 analyzes environmental  policies from  the perspective of  two
industrialized countries. The implication ot the North-North assumption is that there are
active cnvironmental groups in both countrics.  Hence. the incumbent national
governments in both countries will activels pursue environmental policies. The two firms
are assumed to compete in a market located in a third country. The equilibrium of the
game played between the special-interest groups and the incumbent governments

determines endogenously the environmental policies in the Northern countries. The
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presence of environmental interest groups in the North is also shown to affect the quality
of the home environment and the pavotts ot the domestic and foreign firms.

The North-North model can be used to analyze trade and the environmental linkages
when pollution in one country has international impacts such as acid rain. ozone layer
depletion and global warming. In the absence of transboundary pollution. the North-North
model shows that the emergence of green environmental lobbies in the North lowers the
profits of the domestic and foreign tirms and improves the quality of environment in each
industrialized country.

[n the presence of the green environmentalists. when we allow transboundary
pollution. the equilibrium emission tax and the firm’s protit in cach Northern country
may increase or decrease. depending on the amount of pollution transferred from one
country to another and the amount ot emission per unit of output. While a decrease in the
profit ofa firm duc to environmentalist pressure is not surprising. an increase in its profit
is not an obvious result. An increase in profit is also plausible if more environmental
restrictions enhance the market power of the firms. This result provides insights for the
demand of” both the environmentalists and CFC producers tor tough environmental
regulation. By placing more restrictions on producing CFCs. the environmentalists may
wish to prevent further environmental degradation while the CFC producers may wish to
seeure therr oligopoly profits. In this case. the quality of the environment in each
industrialized country will improve with the emergence of green environmental lobbies.

In the presence of transhoundary pollution. we find that the quality of the

environment in each Northern country might improve or deteriorate with the emergence



of supergreen  environmental groups. depending on the amount of pollution tflown from
one country to another and the level of emission per unit of output in each country.
However. the presence of supergreen environmental interest groups in the industrialized
countries will improve the quality of the environment in the North. This might provide
insight for environmentalists lobbying to reduce or limit GHG emissions in the
industrialized countries.

The North-North model also shows that. in general. political pollution tax and
hence. its corresponding level of environmental damage in the home country. might be
below or above their socially optimal levels. depending on the presence or the absence of
cach interest group and the type of environmentalists.

[n Chapter 3. the North-South model is extended to include environmental R&D.
When the representative environmentalist is a green and pollution does not cross borders.
the model shows that the presence of an environmental lobby in the industrialized country
might raise environmental R&D investments in the North. lower the profit of the
domestic firm. and improve the quality of the home and world environments by inducing
its incumbent government to adopt more stringent environmental policies. [t is interesting
to observe that the presence of an environmental lobby which is selfish -- in the sense that
itonly cares about its own national environmental damage -- has a positive impact on the
global environment.

[n the case of transboundary pollution. tor a sutticiently high level of emission

tax. the emerg

=

ence of an environmental lobby raises the emission tax and lowers the

damage to the home and world environments. These results are independent of the
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amount ot transboundary potlution and type of the environmentalist. Hence. they are
different from those obtained in the absence ot an R&D program (in Chapter 3) in which
the impacts of a supergreen environmental group on the emission tax and the quality of
the environment were ambiguous.

Furthermore. Chapter 3 also shows that the absence of either interest lobby from
the scene will deviate the equilibrium environmental policy from its socially optimal
level. More specitically. it only the industry (environmental ) lobby is active. the level of
emission tax will be below (above) ot its socially optimal level. The reason is that neither
industrics nor environmentalists are. by assumption. interested in social welfare. The
former cares about its profit and the latter is concerned about pollution.

A\ more stringent emission tax set by an incumbent government in the North can
have three ditterent impacts on its domestic firm: (1) ifit is set too low. the domestic firm
will not undertake any environmental R&D investment and it will cut back its output: (2)
it it is too high. the firm will shut down and the torcign tirm will capture the whole
market: and (3) it it is in a certain range. the domestic tirm will implement environmental
R&D program and its market share will not be aftected. In a political-economy model.
however. there is no guarantee that an incumbent government will choose an
environmental policy to keep its domestic tirm competitive in the international market.

While this thesis finds that a more stringent environmental regulation. if properly
designed and set. may induce a domestic tirm 1o undertake R&D investment. it fails to

confirm that this will raise the firm’s protitability or competitiveness. Indeed. it is shown
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that an increase in pollution tax causes the domestic firm to either cut back its output or

raise its R&D expenditure. In either case. the protit of the domestic firm declines.

6.2 Arcas of Future Research
A number of arcas which could receive more attention will be discussed below. One such
arca is the issue of transter payments from the North to the South. the possible stands of
interest groups on this issue. and its impact on the global environment. The condition for
the transter of green technology to the Southern countries mayv also be a target of
investigation,

The impact of supergreen environmental movements on the environmental R&D
program of firms also requires turther study. One possible avenue to investigate is
allowing supergreen environmental lobbies located in ditterent countries to form a
coalition and coordinate their actions. This may be used to explain the operation of
transnational environmental groups. such as Greenpeace and Friends of the Earth.

Environmental R&D subsidies also require attention. particularly since they can
enhance firms’ incentive to undertake research and development and. at the same time. be
used as another policy instrument by governments. Introducing uncertainty into the R&D
model to see how the behavior of firms and environmentalists  will change is another
promising areca.

Another aspect that may be worth examining is the role of environmental groups
in global environmental decision-making when we allow national governments to play a

cooperative game to avoid unnecessary costs associated with a non-cooperative game.
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Hence. the models developed in this thesis can be used to construct a model of
international environmental policy making which could be used to study some important
issues. such as Ozone depletion and international cooperation.

Finally. an area that requires more research is the potential role of various foreign
interest groups in intluencing the environmental policy at home. Indeed. in a political
process. environmental interest groups will face other interest groups. Domestic firms will
be pressing for protectionist trade policies and laxer environmental regulations. Depending
on whether they gain from the intended environmental and trade regulations. toreign tirms
which seek to maintain market access for their products. may influence the government in
the importing country by oftering  political contributions. Because the choice of
environmental policy instruments by governments is itselt’ an outcome of a political
process in which various interest groups and politicians are engaged. the models
developed here can be moditied to accommodate this case as well.

[n the final analysis. we know that the real world is complicated and the behavior
of governments is affected by a complex mix of many factors. with political pressure
exercised by various interest groups being only one of them. The hope is that this thesis

has contributed to the understanding ot contemporary environmental policies.
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