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INTRA-INDUSTRY TRADE AND CROSS-BORDER POLLUTION:
THE IMPACT OF FDI

SUMMARY

In this study, we examine environmental regulations conditions that determine the
level of these policies. In the presence of consumption of non-renewable resources and
irreversible environmental damage, these policies lead to important consequences. It
is, therefore, important to determine optimal policy levels by taking many factors (e.g.,
market conditions, producers’ efficiency, etc.) and to conduct environmental
regulations in parallel with economic development instead of seeing these regulations
as obstacles to economic development. Regulations that require the coordination of
economy and ecology are naturally affected by the economic features of countries.
Governments tighten or untighten environmental standards depending on the
conditions of market and competition. When governments determine policy levels that
bring their welfare to optimum, they consider many factors such as efficiency level of
producers, technologies, level of consumer demand, competitive conditions in
international markets etc. One of these important factors is the foreign investment.
Especially the foreign investors, which have production activities in host countries,
determine their location and production decisions depending on the policies of these
countries. Moreover, these investors may play an active role in determining policies
by creating a reciprocal influence. Based on these facts, this thesis aims to examine
the impact of foreign direct investment on the environmental policies of countries in
the presence of intra-industry trade and cross-border pollution.

In our study, we first develop a benchmark model and examine the optimal emission
quotas of countries under three scenarios: (i) non-cooperation; (ii) cooperation; (iii)
uniform policy. In the model, there are two countries and each country has one
domestic firm. These firms produce a homogeneous product and serve both local and
foreign markets through intra-industry trade. We assume that both countries have
unemployment, i.e., both economies benefit from domestic production in terms of
employment creation. It is also assumed that pollution occurs during production and
there is no firm-specific abatement technology to reduce pollution. Only way to reduce
pollution is cutting down the production level (which could be achieved by
governments’ severe environmental policies). Moreover, there is cross-border
pollution between two countries so the welfares of countries are assumed to be
negatively affected by the pollution caused by both domestic production and foreign
production. It is considered that the marginal disutility from pollution is identical for
both countries. However, welfare of both countries is affected more by pollution
resulted from domestic production than cross-border pollution. Within the framework
of these assumptions, countries try to determine emission quotas that maximize their
welfares. Model is solved as a two-stage game. In the first stage, governments
simultaneously set their own emission quotas. In the second stage, domestic firms
determine the amount of production based on the given emission quotas.

XV


http://tureng.com/search/examine

The results of the model are not possible to interpret due to the excessive number of
variables and size of the equations. Therefore, although the results will be valid in a
more limited context, we make simulations in order to make clearer and more reliable
comments. We assign numerical values that satisfy all the conditions and assumptions
for each variable in the model.

According to the results, an increase in the market size will lead governments to
impose less severe emission policy, whereas it results in more severe policy under
cooperative behavior. In the absence of cooperation, both governments encourage their
own domestic firms to produce more in order to meet the demands of growing market.
Thus, they increase their level of emission quotas. However, under the cooperative
behavior, although there is an international competition to meet the growing demands,
governments can mutually decrease emission quotas and reduce the pressure of
increased production on the environment. It is found that an increase in the fixed unit
cost of domestic firm or rival firm will lead to an increase in the optimal policy levels
for both non-cooperative and cooperative scenarios. When the production cost of
domestic firm increases, the government wants to increase emission quota in order to
avoid a decrease in production level and an increase in prices. This is because the
negative impact of environmental pressure caused by this incentive will be lower than
the negative impact of losses in consumer surplus, producer surplus and employment
level caused by decreased production. On the other hand, when the cost of domestic
firm in rival country increases and the government relaxes its pollution policy, the
other government will also relax its policy level in order to protect the competitiveness
of its domestic firm in the international market.

In the second part, the scope of the study is expanded by adding a multinational
company (MNC) to the model. The purpose of this stage is to examine the impacts of
foreign direct investment on the environmental policies of host country and rival
country and to compare these impacts with each other and with the results of the
benchmark model. It is assumed that multinational company has a sufficiently large
fixed cost so it cannot operate in both countries at the same time. The fixed cost is also
assumed to be only firm specific, not country-specific. The location decision of MNC
is posited to depend on only the efficiency levels of domestic firms. Therefore, due to
less competition, MNC makes relatively more profit in the country with less efficient
firm so it wants to settle in that country. It is assumed that MNC fully repatriates its
profit to the source country so there is no any contribution in this regard to the welfare
of host country. By considering that all the other assumptions are identical with the
benchmark model, the model is solved as a two-stage game and optimal policy levels
are determined.

In the literature, there are many studies about the impact of foreign direct investment
on the environmental policies and sometimes these studies offer conflicting results
with each other depending on their contents. Some studies suggest that foreign direct
investment leads to policy race between countries and it eventually makes the host
countries to become environmentally devastated. In this study, under the accepted
assumptions and determined simulation values, it is seen that multinational company
decreases the emission level in host country and therefore, it mitigates the pressure of
pollution on the welfare. Since it has not any concern to benefit from MNC through
the profit, the host country can increase its policy enforcement power and use this
power to tighten the permitted emission policy in order to reduce pollution. The results
show that although MNC reduces producer surplus generated by domestic firm’s
production and employment level because of its relatively efficient production, it can
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provide a significant decline in the pollution level. It is found that MNC reduces the
pollution level not only in the host country but also in the rival country. This is because
the advantageous position of domestic firm compared to its rival in the host country
allows government to apply stricter environmental policies. Consequently, the welfare
increases due to increasing employment level and producer surplus whilst the pollution
level is reduced thanks to lower emission quotas. Although the pressure of pollution
on welfare is more in the rival country compared to the host country, it is found that
the rival country's welfare level is higher than the host country's welfare level. While
MNC reduces the producer surplus and employment level in the host country, the
domestic firm in the rival country provides more producer surplus and employment
than the host country and these earnings can compensate the negative effect of
environmental pressure caused by pollution.

In both models, the results show that cooperation always makes both countries better
off due to eliminating negative externalities. As a result of the cooperation, countries
mutually increase their emission quotas, hence, production levels decrease in both
countries due to the increased production costs. Although the consumer surplus,
producer surplus and employment level are adversely affected by decreasing
production and rising prices, significant decline in the pressure of pollution on the
welfare can compensate for these losses and move the welfare to the higher level. In
the extended model, under cooperation, although the change in the welfare of host
country is higher, the level of welfare is still below that of the rival. The most important
difference between the levels of welfare of countries arises from producer surplus.
Even though the producer surplus decline in both countries as a result of the
cooperation, it is relatively much lower in the host country because of the impact of
MNC. In the case of uniform policy, the welfare of host country reaches the highest
level among the three scenarios (it is above the welfare level of rival country). In
contrast, the rival country has a lower level of welfare compared to the cooperative
behavior. This time, the main difference arises from the employment level and host
country reaches a higher level of employment.
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_ ENDUSTRI iCI TICARET VE SINIR OTESI KIRLILIK:
DOGRUDAN YABANCI SERMAYE YATIRIMLARI (DYY)’NIN ETKIiSI

OZET

Hazirlanan caligmada iilkelerin 6nemli bir politika araci olarak kullandiklar1 ¢evresel
diizenlemeler ve bu politikalarin diizeyini belirleyen kosullar incelenmistir.
Yenilenemeyen kaynaklarin tiiketimi ve geriye doniislin imkansiz oldugu gevresel
tahribatlarin varligi s6z konusu oldugunda uygulanan bu politikalar, iilkeler agisindan
son derece onemli sonuglar dogurmaktadir. Dolayistyla politika seviyelerinin pek ¢cok
faktor g6z oOnilinde bulundurularak belirlenmesi ve bu c¢evresel diizenlemelerin
ekonomik geligsmelerin Oniinde bir engel olarak degil aksine ekonomik gelisme ile
uyumlu bir sekilde yiriitiilmesi gerekmektedir. Ekonomi ve ekolojinin
koordinasyonunu gerektiren bu diizenlemeler dogal olarak iilkelerin ekonomik
kosullarindan etkilenmekte ve hiikiimetlerin pazar ve rekabet kosullarina bagl olarak
cevresel standartlarini sikilagtirmasina ya da serbestlestirmesine neden olmaktadir.
Hiikiimetler refah diizeylerini optimum seviyeye tasiyacak politika seviyelerini
belirlerken {iretici firmalarin verimlilik diizeyi, kullanilan teknolojiler, tiiketicilerin
talep diizeyleri, uluslararasi pazardaki rekabet kosullar1 vs. gibi pek ¢ok etmeni hesaba
katmaktadirlar. Cevresel politika diizeylerinin bagli oldugu bu etmenlerden 6nemli biri
de yabanci yatirimlar olmaktadir. Ozellikle gittikleri iilkede iiretim faaliyetlerinde
bulunan yabanci yatirimlar, bu tilkelerin politika diizeylerine bagli olarak yerlesim ya
da tiretim kararlarini belirlemekte ayn1 zamanda karsilikli bir etki yaratarak s6z konusu
tilkelerin politika seviyelerinin belirlenmesinde de etkin bir rol oynamaktadirlar. Bu
goriislerden yola ¢ikarak gerceklestirilen tez ¢aligmasi, dogrudan yabanci yatirimlarin
endiistri-i¢i ticaret ve siir Otesi kirlilik varsayimlar1 altinda iilkelerin cevresel
politikalar1 tizerindeki etkisini gozlemlemeyi hedeflemektedir.

Dogrudan yabanct sermaye giriglerinin 6zellikle son 20-30 yildaki artigi ile beraber
yabanci1 yatirimlarin daha uygun sartlarda iiretim gerceklestirebilecekleri ve daha fazla
kar elde edebilecekleri iilke arayislarina hiz verdikleri goriilmektedir. Dogrudan
yabanci yatirimlarin bu yerlesim yeri arayisi iilkelerin yapisal 6zelliklerinden ve
politika kararlarindan etkilenmektedir. Bu durum o6zellikle yabanci sermayeye
bagimlilig: yiiksek olan iilkeler arasinda bir yatirim ¢ekme yarigina yol agabilmektedir.
Ulkeler politikalarmi yabanci yatirimlar lehine diizenleme yoluna gitmekte ve bu
amagla cevre politikalarin1 da daha serbest bir diizeye getirmektedirler. Pek ¢ok
tilkenin bu yolu tercih etmesi ¢evresel standartlari oldukca asagilara ¢cekmekte ve
neticede yabaci yatirim g¢ekmek ugruna cevresel tahribati goze almak gibi bir
Odiinlesim durumunu dogurmaktadir. Kirlilik sigiagi hipotezinin tanimladigi bu
durum, cevresel standartlar1 diisiirerek bir rekabet Ustiinliigli yaratmayr ve kirli
endiistriler agisindan uygun bir yatirim ortami yaratmayi isaret etmektedir. Ustelik bu
durum iilkeler arasindaki gevresel bozulma farkliliklarinin da bir agiklayici olarak
goriilmektedir. Ciinkii gelismis tlilkelerdeki yiiksek ¢evresel standartlardan kacan kirli
endiistrilerin, ekonomik yonden bu yatirimlara daha ¢ok ihtiya¢ duyan ve bu sebeple
daha diisiik cevresel standartlara sahip olan az gelismis tllkelere tasindiklari
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dolayisiyla da bu bolgelerde cevrenin tahrip edilmesine sebep olduklar1i One
stiriilmektedir. Fakat tim bunlarin yaninda, yerli firmalara kiyasla daha verimli ve
cevre acisindan daha az kirlilik yaratan ¢ok uluslu firmalarin, bu teknolojiyi gittikleri
tilkelere gotiirebilecekleri ve buralardaki yerli liretimin kalitesinin artmasina katki
saglayabilecekleri de goz ardi edilmemelidir. Dolayisiyla dogrudan yabanci
yatirimlarin iilkelerin ¢evresel durumlart lizerindeki net etkisi oldukc¢a karmasik bir
durumdur. Ustelik bazen bu yatirimlar, gevresel standartlarin serbestlestirilmesi degil
aksine daha da sikilastirilmasi gibi bir sonuca da yol agabilmektedir. Cevresel
duyarliligin yiiksek oldugu veya yabanci yatirimin getirisinin ¢evresel kayiptan daha
diisiik oldugu durumlarda iilkeler standartlarini arttirmak isteyebilmektedirler. Bu
tezde ele almman modelde de bu duruma 6rnek olarak verilebilecek bir sonug elde
edilmistir.

Calismada ilk olarak temel bir model kurulmus ve iilkelerin isbirligi yapmadiklar: daha
sonra ise isbirligi yaptiklar1 ve son olarak da ortak (uniform) bir politika araci
belirledikleri senaryolarda optimum emisyon kotalar1 incelenmistir. Caligmada her
birinin igerisinde bir yerli firmanin faaliyet gosterdigi iki iilkeli bir model ele
alimmustir. Bu firmalar homojen {irlin iiretmekte ve hem yerli pazara hem de endiistri
i¢i ticaret yolu ile yabanci pazara liriin sunmaktadirlar. Her iki iilkede de issizlik
probleminin oldugu ve dolayisiyla iilkelerin yerli tiretimden istihdam yolu ile fayda
saglayabildikleri varsayilmistir. Uretim asamasinda bir miktar kirliligin meydana
geldigi ve bu kirliligi azaltmak i¢in iiretimi kismaktan bagka bir teknolojinin olmadig:
kabul edilmistir. Bunun yaninda iilkeler arasinda sinir 6tesi kirliligin bulundugu, bu
sebeple iilkelerin refahlarinin hem yerli iiretimin hem de yabanci liretimin sebep
oldugu kirlilikten olumsuz etkilendigi varsayilmistir. Her iki iilkenin de kirlilikten
etkilenme oranlarinin birbirleri ile es oldugu ve yerli liretimden kaynaklanan kirlilige
daha fazla duyarli olduklar1 da g6z onilinde bulundurulmustur. Bu varsayimlar
cercevesinde iilkeler, refahlarini maksimum diizeye getirecek emisyon kotasim
belirlemeye caligsmaktadirlar. Model iki asamali bir oyun olarak ¢oziilmiistiir. Birinci
asamada hiikiimetler es zamanli olarak kendi emisyon kotalarini belirlemis daha sonra
yerli firmalar oyunun ilk asamasinda belirlenen bu kirlilik kotalarin1 baz alarak kendi
tiretim miktarlarini belirlemislerdir.

Modelin ¢6ziilmesi neticesinde elde edilen sonuglarin, gerek degisken sayisinin
coklugundan gerekse denklemlerin biiyiikliigiinden dolayr yorumlanmasi miimkiin
olmamistir. Dolayistyla daha siirli bir ¢cergevede gegerli olacak olsa da daha net ve
giivenilir yorumlar yapabilmek adina simiilasyon yoluna gidilmistir. Pek ¢ok deneme
neticesinde modeldeki her bir degisken i¢in biitiin sartlar1 yerine getiren ve yapilan
varsayimlara uygun sayisal degerler atanmis ve ¢ikan sonuglar yalnizca bu degerlere
bagl olarak yorumlanmustir.

Sonuglarda, igbirliginin olmadig1 durumda pazarin genislemesinin hiikiimetlerin daha
rahat bir politika uygulamasina yol agacagi buna karsilik igbirligi durumunda bu
durumun tam tersi olacag1 gézlenmistir. Ciinkii isbirligini olmadigi durumda her iki
hiikiimette pazardaki boslugu doldurmak icin yerli firmalarini tesvik etmek istemekte
dolayistyla da emisyon kota seviyelerini arttirmaktadirlar. Ancak isbirligi s6z konusu
oldugunda hiikiimetler, genisleyen pazarin taleplerini karsilamaya yonelik uluslararasi
rekabet ortamima ragmen karsilikli olarak emisyon kotalarni diistirebilmekte ve
dolayistyla artan iiretimin ¢evre lizerindeki baskini azaltabilmektedirler. Hem yerli
firmanin hem de rakip iilkedeki firmanin sabit birim maliyetlerinde artis gézlendiginde
hiikiimetlerin uyguladiklar1 optimum politika diizeylerini serbestlestirdikleri sonucu
elde edilmistir. Bu durum isbirliginin oldugu durumda da gecgerli olmaktadir. Yerli
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firmanin iiretim maliyeti arttiginda, hiikiimetler tiretimin azalmasinin dolayisiyla da
fiyatlarin artmasinin oniine ge¢mek i¢in emisyon kotalarin arttirmak istemektedirler.
Ciinkii bu tesvik sonucunda artacak olan ¢evresel baski, iiretici ve tiiketici rantlarinda
ve istihdam diizeyinde yasanacak olan kayiplara kiyasla daha diisiik olmaktadir. Ayni
sekilde, rakip iilkedeki firma, bir maliyet artis1 ile karsilastiginda ve o iilkedeki
hiikiimet benzer sekilde bir yol izlediginde, diger tilke hiikiimeti de kendi firmasinin
uluslararasi pazardaki rekabet giiciinii korumak igin politika diizeyini rahatlatacaktir.

Calismanin ikinci asamasinda, modele ¢ok uluslu bir sirket eklenerek c¢aligmanin
kapsami genisletilmistir. Bu asamadaki amag yabanci sermayenin ev sahibi {ilkenin ve
rakip iilkenin cevresel politikalar1 tlizerindeki etkisini incelemek ve bunlart hem
birbirleri ile hem de temel modeldeki sonuglarla karsilastirmaktir. Cok uluslu sirketin
her iki iilkede de faaliyet gdstermesini engellemek icin yeterince biiyiik bir sabit
maliyete sahip oldugu ve bu sabit maliyetin {ilkelere bagli olarak degismedigi
varsayilmistir. Bu sebeple firma iki iilkeden birini segmek durumundadir. Caligmada
bu se¢im kararinin yalnizca iilkelerdeki yerli firmalarin verimlilik diizeylerine bagh
oldugu varsayilmistir. Dolayisiyla rekabetin daha az olmasi sebebiyle, ¢ok uluslu
sirket verimliligi daha diisiik olan yerli firmaya sahip lilkede gorece daha fazla kar elde
etmekte ve yerlesim secimini de bu yonde yapmaktadir. Cok uluslu sirket karinin
tamamini kendi lilkesine gondermekte dolayisiyla ev sahibi lilkenin refahina bu ac¢idan
bir katkida bulunmamaktadir. Bunlarin disindaki tiim varsayimlarin ilk modelle es
oldugu goz oniinde bulundurularak model yine iki asamali olarak ¢6ziilmiis ve
optimum politika diizeyleri belirlenmeye ¢alisilmistir.

Literatiirde yabanci sermayenin iilkelerin ¢evresel politikalar iizerindeki etkisi adina
pek cok farkli ¢alisma mevcuttur ve bu caligmalar igeriklerine bagli olarak bazen
birbirleri ile ¢elisen sonuglar da sunmaktadir. Kimi ¢alismalar yabanci sermayelerin
tilkeler arasinda bir politika yarigina neden olduklarini ve neticede girdikleri iilkeleri
cevresel agidan yikima ugrattiklarimi oOne slirmektedir. Bu calismada yapilan
varsayimlar altinda ve kullanilan simiilasyon degerleri sonucunda, ¢ok uluslu sirketin
girdigi iilkedeki emisyon degerini azalttigi ve buna bagh olarak kirliligin refah
tizerindeki baskisini hafiflettigi goriilmiistiir. Ev sahibi {ilke, ¢okuluslu sirketten kar
elde etme kaygis1 giitmediginden politika uygulama giiciinli arttirabilmis ve bu
giiclinli, izin verilen emisyon diizeyini diistirerek Kkirliligi azaltma yolunda
kullanilmistir. Sonuglar, ¢ok uluslu sirketin ev sahibi iilkede yerli firmanin karindan
elde edilen firetici rantin1 ve nispeten gergeklestirdigi verimli {iretimden dolay1
istihdam diizeyini azaltsa da bunlarin yaninda kirlilik diizeyinde de dnemli bir diisiis
meydana getirdigini gostermektedir. Calismada ¢ok uluslu sirketin sadece ev sahibi
iilkede degil, rakip tilkede de kirlilik diizeyinin azalmasina olanak sagladig1 sonucuna
ulagilmistir. Ciinkii bu iilkedeki yerli firmanin diger iilkedeki rakiplerine gore elde
ettigi avantajli konum, hiikiimetin daha rahat bir sekilde siki g¢evresel politika
uygulamasina izin vermektedir. Neticede iilke refahi tiretici rant1 ve istthdam acisindan
daha iyi duruma gelirken ayni zamanda daha diisiik emisyon kotalar1 sayesinde
tilkedeki kirlilik diizeyi de azaltilabilmektedir. Cevrenin refah {izerinde yarattig1
olumsuz baski daha yiiksek olsa da rakip iilkenin refah seviyesinin ev sahibi tilkeden
daha yiiksek oldugunu sonucuna ulagilmistir. Ciinkii ¢cok uluslu sirketin ev sahibi
iilkede iiretici rantin1 ve istihdam diizeyini azaltmasina karsilik rakip tilkedeki yerli
firma daha fazla iiretici rantina ve istihdama sebep olmakta ve bu kazanglar ¢evresel
baskinin neden oldugu olumsuz durumu telafi edebilmektedir.

Genisleyen pazarin ve birim maliyetlerde gdzlenen artisin temel modeldeki ile benzer
sonuglara yol agtig1 gozlenmistir. Fakat temel modelden farkli olarak burada, ev sahibi
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tilkedeki emisyon diizeyinin rakip iilkedeki yerli firmanin maliyetinde meydana gelen
degisikliklere kars1 duyarsiz oldugu goriilmiistiir. Bu durum, ev sahibi iilkedeki ¢ok
uluslu sirketin bu iilkenin politika diizeyi {izerindeki etkisinin ¢ok biiyiik olmasi,
dolayistyla da rakip {iilkedeki firmanin etkisini Oonemsiz hale getirmesi olarak
yorumlanmistir. Bunun yaninda ¢ok uluslu firmanin sabit birim maliyetinde meydana
gelen bir artig igbirliginin olmadigr durumda her iki {ilkede de emisyon kotalarinin
arttirtlmasina yol agmaktadir. Ev sahibi iilke ¢ok uluslu firmanin artan iiretim
maliyetinden dolay1 yasanacak bir {iretim kaybi ve buna bagli olarak istthdam azalis
ve fiyat artisi durumlarii onlemek i¢in politikalarini rahatlatir. Rakip iilke ise ev
sahibi iilkedeki ¢ok uluslu firmanin ve yerli firmanin bu politika diizeyindeki
rahatlamadan dolay1 elde edecekleri rekabet avantajinin 6niine gegmek ve kendi yerli
firmasini uluslararasi pazarda korumak icin emisyon kota diizeyini arttirir. Isbirligi
durumunda ise ev sahibi iilkede ayn1 durum séz konusu iken rakip iilkede, iiretim
artisinin meydana getirdigi ¢evresel baski iiretimin diger olumlu etkilerinin oniine
gecmekte ve dolayisiyla hiikiimetin emisyon kota seviyesini diislirmesine yol
agmaktadir.

Sonuglar negatif dissalliklar sebebiyle isbirligi yapmanin her iki modelde de tilkeleri
her zaman daha iyi bir refah diizeyine ¢ikardigim gostermektedir. Isbirligi neticesinde
tilkeler karsilikli olarak emisyon kotalarini arttirmakta dolayisiyla artan {iretim
maliyeti neticesinde her iki iilkedeki {iretim miktarlar1 azalmaktadir. Azalan {iretim
iiretici rantin1 ve istihdami ve artan fiyatlar da tiiketici rantin1 olumsuz etkilese de
kirlilik seviyesinin refah tizerinde yarattig1 baskidaki dnemli miktardaki diisiis, s6z
konusu bu kayiplar1 telafi edebilmekte ve refah seviyesini daha iist diizeye
tagtyabilmektedir. Genisletilmis modelde, isbirligi durumunda ev sahibi iilkenin
refahinda meydana gelen de8isim cok daha fazla olsa da hala rakip iilkenin refah
diizeyinin altinda kalmaktadir. Ulkelerin refah diizeyleri arasindaki en onemli fark
iiretici rantindan kaynaklanmakta ve her ne kadar isbirligi neticesinde azalan iiretim
her iki iilkede de tiretici rantin1 diisiirse de ev sahibi lilkedeki iiretici rant1 ¢ok uluslu
sirketin etkisiyle gorece ¢ok daha diisiik diizeyde olmaktadir. Ortak bir es politika
belirlenen durumda ise ev sahibi {ilkenin refahi1 hem en {ist diizeye ulasmakta hem de
rakip lilke refahinin da iistiine ¢gikmaktadir. Buna karsilik rakip tilke sadece isbirliginin
oldugu duruma gore daha diisiik bir refah diizeyine gelmektedir. Buradaki temel
farklilik istihdam diizeylerinden kaynaklanmakta ve bu sefer ev sahibi iilkenin
istihdam diizeyi rakip tilkeden daha yiiksek bir degere ulagmaktadir.
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1. INTRODUCTION

Governments use environmental policy instruments in order to combat environmental
degradation and to reduce pollution caused by economic activities. Environmental
regulations have different impacts on different firms. These effects can depend on
factors such as firm size, relative efficiency, abatement technology or being incumbent
or potential firm. It is generally discussed that severe policies lead to an increase in the
production cost and thus they affect production adversely. However, regulations can
be a potential advantage for the markets because they encourage firms to increase
efficiency and develop new abatment technologies. Firms can adapt their operations
in accordance with the applied policies so environmental policies should not be

considered to be always against the producers.

It is generally claimed that trade liberalization has three main impacts on
environment: (i) scale effect; (i) composition effect; (iii) technique effect. Scale effect
indicates increasing production to meet increasing demand created by international
market while composition effect indicates the structure of this production depending
on features of countries and industries. On the other hand, technique effect explains
the technology impact with environmentally-friendly techniques on production
activities. Therefore, the net effect of trade on environment depends on the weights of
these effects (Barrett, 2000). Furthermore, governments can apply different types of
trade and environmental policies to combat undesirable consequences of these effects
and to balance their concerns for environment and international trade. As a result of
the international trade, environmental regulations affect not only the welfare of the
country in which they are imposed but also the rival countries’ welfare. Governments
may use these policies to make domestic firms more competitive in the international
market and they can affect each other's policy decisions. In addition, environmental
policies and trade policies can be applied to offset each other. For example, when
governments set severe environmental policies, they can protect domestic firms in
international market by using trade policies on foreign products (Xing and Kolstad,
1996).



Environmental regulations are seen one of the most important determinants for
location decision of Foreign Direct Investment (FDI). Since the regulations can affect
the production decision of firms and hence the market conditions, foreign investors try
to locate in a country in which they can optimally benefit from such policies. On the
other hand, these interactions are likely to be mutual, that is, FDI may also affect the
government policy decisions. Since these investments can provide technology transfer,
competitive environment, employment creation or decline in prices, governments may
prefer to relax environmental standards in order to attract FDI. This can lead to
international competition and policy racing of governments especially between the
countries with high dependency on foreign capital. Countries arrange their policies in
favor of FDI and for this purpose, they may set more liberal environmental policies.
This situation lowers environmental standards and consequently causes a trade-off
between to attract FDI and to risk of environmental damage. As stated by pollution
heaven hypothesis, this points to create a competitive advantage and suitable
investment environment for dirty industries by lowering environmental standards
(Xing and Kolstad, 1996). Moreover, this case can be seen as an explanatory for the
differences between environmental degradation of countries. It is stated that dirty
industries move from developed countries with severe environmental standards to less
developed countries with less severe environmental standards. Hence, such
investments can cause destruction of the environment in these countries (Cole, 2004).
In spite of all, it should not be ignored that foreign companies, which create more
efficient and less environmentally polluting production compared to domestic firms,
can spread their technologies to these countries and contribute to improve the quality
of domestic production. Therefore, the net effect of FDI on the environmental status
of countries is a very complex situation. Moreover, in some cases, these investments
may lead not the liberalization of environmental standards but the tightening of them.
In the case of high environmental awareness or lower return on foreign investment
than the environmental losses, countries may want to set more severe policies /

standards.

In this thesis, we develop a model in which there are two countries and each
country has one domestic firm. The domestic firms produce a homogeneous product
and they serve both domestic and foreign markets through intra-industry trade. Both

countries are assumed to have unemployment and pollution problem. The pollution



occurs during production and there is cross-border pollution between two countries. It
is also assumed that the countries are more sensitive to the pollution caused by local
production than the pollution caused by foreign production. In the extended model,
there is a multinational company, which wants to invest in one of the countries with
more inefficient domestic firm. We want to investigate the impact of the foreign direct

investment on the environmental policies of countries.

1.1.  Purpose of Thesis

In this thesis, we aim to analyze the difference in environmental policies of countries
in the case of foreign direct investment (FDI) and cross-border pollution. To see the
effect of entry of FDI on welfare, we compare the environmental policies of two
countries also we compare the before and after policies of host country. Furthermore,
we want to see the effects of changes in specific parameters on the equilibrium
emission levels and we intend to examine the welfares of countries under the non-

cooperative and cooperative behaviors.

1.2. Literature Review

In the literature review, the concept of environmental policy and the relationship
between these policies and different market conditions are examined. Different policy
instruments and their different impacts on the market and industry are also discussed.
In addition, we investigate the changes in the industry structure and firms’ decisions

in terms of production or location caused by the policy level.

In the following section, we review the competition of countries to attract FDI
and the factors affecting the location decision of these investments. The papers that
discuss the impacts of FDI on the countries’ environmantal policies are included. Then
by adding the subject of trade, we expand the concept of study and we examine the
effect of trade liberalization on the environment. Finally, intra-industry trade and FDI
are discussed together in the presence of environmental concern. Both empirical and

theoretical studies are examined and studies providing opposite results are evaluated.



1.3.  The Motivation for Environmental Policy

Governments implement various emission restrictions on firms to combat pollution
generated by production and they create interventionist impact on the amount of
production. There are many policy instruments in terms of environmental protection
but tradable emission permits (TEP) and Command and Control (CAC) are the most
widely used. (Sartzetakis and Constantatos, 1995). It is claimed that the policy
instruments with price mechanism (taxes or subsidies) give better results than the
instruments with command and control mechanism. Although CAC programs are
considered as greater restricter of emission, they include great information problems
that make hard to implement right level of policy (Cropper and Oates, 1992). Similarly
Lotspeich (1998) says that market-based approaches can handle the information
problems of policy makers but even if it is cost-effective, CAC policy cannot be
implemented efficiently without the information of the level of technologies and the
marginal costs of firms. However if the market is competitive and there is fixed
number of firms, these regulations provide similar results unlike the imperfect market
conditions (Requate, 2005, Xing and Kolstad, 1996). Market-based systems provide
the ability to control the quantity of emission for policy makers. On the other hand,
permit systems have lower compliance cost so they are more preferable for both firms
and policy makers (Cropper and Oates, 1992). In addition, while the CAC approaches
restrict the firms’ decision-making power, market-based approaches encourage firms
to improve their abatement technologies and give them a freedom to determine their

own abatement activities which provide less costly solutions (Lotspeich, 1998).

In their study, Sartzetakis and Constantatos (1995) develop a model in which
two countries, North (N) and South (S), compete in international market with
differentiated product. The government of country N applies CAC policy while the
government of country S applies TEP policy. According to the results, the firms with
low abatement cost make more abatement in country S than they do in country N
because TEP regulations leads to more efficient abatement decisions if the
technologies are not similar across the countries. Moreover, the firms under the TEP
system can increase their market share more than their initial level while the firms

under the CAC system have to decrease.



Environmental subsidies and taxes have different impacts on market conditions
and emission level. Environmental taxes lead to increase in market prices more than
subsidies do. Also, they result in a net transfer from producers to consumers.
Furthermore, they reduce emission by restricting the amount of output, encouraging
the technological innovations and forcing firms to adapt cleaner plants and to decrease
their capacity utilization of polluting plants (Carraro and Soubeyran, 1993). While
early studies indicate that subsidy per unit of emission reduction gives same results as
setting tax per unit of waste discharge, now it is known that these policies have
different impacts on economy. First of all, subsidy increases firms’ profits while tax
system reduces them also subsidy leads to an increase in the number of firms and
output but tax system decreases market size. However, an increase in pollution is more
likely to occur in a subsidy system (Cropper, Oates, 1992). Government subsidizes the
using of clean technology in production as long as the environmental benefits exceed
the environmental policy cost. If there is a limit for clean technology, environmental
tax should be more preferable since it makes firms to choose less polluting plants,
creates tax revenue and therefore increases the social welfare. Moreover, if the amount
of polluting plants already used in production is high, the government should decide
to imply environmental tax policy. However, if it is not preferred to restrict the amount
of output, the government should choose environmental subsidies policy (Carraro and
Soubeyran, 1993). Lahiri and Ono (2007) compare emission standard with tax under
both fixed number of firms and free entry and exit. Under the assumption of fixed
number of firms, an increase in tax leads to decrease in production by increasing the
marginal cost but a decrease in emission standard does not affect the marginal cost so
it does not cause any change in oligopolistic distortion. Therefore, a decrease in
emission standard is better for welfare than an increase in emission tax. Under the
assumption of free entry and exit, when the inverse demand function is concave, the

results are the opposite.

In his study, Ulph (1996) found that the response of one producer to change in
output of the rival producer in another country is higher when the government of that
country uses emission taxes instead of emission standards. When both countries
choose taxes, there are higher output and capital investment but lower profit and tax
revenue. When countries choose different instruments, the firm that operates in the

country with taxes will produce more output than the firm that operates in the country



with standards. In addition, using taxes is better for welfares of the countries if the
consumer surplus dominates the profits and emission taxes. This result conflicts with
the Ulph’s (1992) previous study that says that the use of standards is a dominant
strategy. Furthermore, emission standards always have positive impact on firms by
encouraging them to make innovations to reduce costs. In this way, firms can increase
their profits and outputs while those of their rivals’ remain unchanged. However,
permits may have a negative impact on the decision of R&D since they lead to “spill
over” effect for innovations in the market so firms and their rivals both can increase
their profits and outputs. Therefore, standards encourage firms to invest in R&D more
than permits do (Montero, 2002). Helfand (1991) examines the effects of five different
forms of pollution standards (fixed level of emission, a fixed level of emission per unit
of output, a fixed level of emission per unit of input, a fixed level of output, and a fixed
level of input) on input, production and profits. According to the study, firms gain the
highest profit and efficiency through the direct restriction on pollution but they can
reach the highest production/output through the polluting-abating input. On the other
hand, restriction on production or polluting input leads to highest reduction in

production/output.

1.3.1. Environmental policies and industry

The main argument about the effects of environmental policies is that the strict
emission standards deter entry of new firms to the market. This is because stricter
policies lead to increases in production costs and make firms lose competitive edge.
As a result, the production and output will decrease. By using data from U.S
manufacturing sector in between 1967-1987, Greenstone (2002) finds that
environmental regulations inhibit the production activities of polluting manufacturers
in terms of job, capital stock and output. However, environmental quality can affect
the consumption of products if there is a demand for clean product. In this case, the
decrease in pollution in the industry may result in an increase in demand (Farzin,
2003). Besides, environmental standards have also productivity impact resulting from
innovations. Therefore, regulations do not have to reduce the level of competitiveness
of firms, instead they can encourage the firms to improve their resource utilization and
production system so they can make them more competitive (Porter and van der Linde,
1995).



Millimet (2003) finds that if the pollution abatement intensity is low, the
number of small establishments increase in industries with high state environmental
abatement cost and decrease in industries with low state environmental abatement cost.
This stiuation is opposite in the case of high pollution abatement intensity. The number
of large establishments rises if there is high state environmental abatement cost and
fall if there is low state environemntal abatement cost. He states that the optimal size
of establishments increase in industries with the high pollution abatement intensity
because the large establishments may choose to invest in abatement technology to deal
with the pollution restriction. On the other hand, when there is low state environmental
abatement cost, small firms may not find it profitable to invest in any abatement
technology because they can benefit from their smaller size in the face of pollution

restriction.

Sengupta (2009) investigates the effect of stringency of environmental
regulation on industries with endogenous entry and exit. He states that an increasing
in environmental regulations can cause differences in compliance cost and size of firms
and also it has three effects on number of firms. First, it increases the market price and
decreases the total output so the number of firms is affected adversely (direct effect).
Second, it leads to an increase in average and marginal cost of firms that changes
optimal scale and number of firms (direct effect). Finally, they encourage the firms to
invest in cost reducing expenditures so the optimal scale of firms may be expanded
and therefore the number of firms in market may be reduced (indirect effect).

1.3.2. Environmental policies and market structure

Environmental regulations can affect the market structure by changing the cost of
production. Since the cost of productions are associated the profits of firms, they can
affect incentives for the entry and exit of firms (Millimet et al., 2009). According to
the theoretical analysis, in the case endogenous entry and symmetric firms, an increase
in emission tax may cause similar effect if three conditions hold. First, since there is
no feasible abatement technology for firms, they can reduce emission only by reducing
output. Second, the demand function satisfies the concavity condition and lastly, firms
do not interact with each other. Under these conditions, strict environmental
restrictions deter entry of firms and increase market concentration if there is no any

change in demand because of the improvement in environmental quality. On the other



hand, in the case of emission standards with equilibrium number of firms, this effect
is ambiguous (Millimet et al., 2009). Kohn (1997) argues that the Pigouvian tax
reduces the total output but when there is a decreasing return to scale in abatement, the
number of firms is less influenced by this reduction of total output. However if there
is an increasing return to scale in abatement, the total output of polluting firms and the
number of firms may increase with emission tax. The reasons are that the demand
increases as a result of reduction in price and the productivity of firms may dominate

the decreasing in output caused by producing at a smaller scale.

Environmental regulations discourage new firms to enter into the market by
raising the cost, increasing capital for new operations or facilities for pollution
intensive industry. However, these regulations can be a potential advantage for firms.
In some cases, strict regulations are in favor of small firms due to the effective
abatement technology or capability of easily adapting these regulations thanks to
firm’s scale (Dean and Brown, 1995). Moreover, when they have a new abatement
technology, incumbent firms may have a request for increasing environmental
regulation to make their rivals more costly. In this way, they can reduce their own costs
and have a competitive advantage while their rivals have a barrier to entry (Dean and
Brown, 1995; Millimet et al., 2009, Levinson, 1996). Even if their own cost increase,
the efficient firms can benefit from stricter regulations in terms of their competitors'
costs (Denicolo, 2008). Helland and Matsuno (2003) found that strict environmental
regulations cause an increase in entry barrier to the market and the largest firm is better
off with the tough regulations. Hence, the environmental regulations create more
intense market by decreasing competitiveness. Similarly, in their study, Schoonbeek
and de Vries (2008) say that the incumbent firm may want to high level of emission
standard so that the potential entrant (the rival firm) has to face with an entry barrier.
The government also may want to impose a high level of emission tax since it causes

a decrease in market competition and therefore a less environmental damage.

Lahiri and Symeonidis (2007) search that multilateral environmental policy
under asymmetric oligopoly in two countries. According to the results, in the case of
no product differentiation and similar pollution intensity, an increase in emission tax
in one of the countries decreases total emissions. On the other hand, if one of the
countries has more pollution-intensive technology, an increase in emission tax in the

country, which has less pollution-intensive technology, may leads total emission to



increase. In addition, an equal increase in emission taxes reduces the global emissions
under different assumptions. In the case of free entry and exit, an increase in emission
tax in one country can increase global emissions but not depending on the difference
between pollution intensities as in the first case, rather depending on change in the
number of firms thereby the number of outputs. They conclude the analysis by saying
that the asymmetry cannot be an excuse for country to be not involve any multilateral
agreement on environment. Carrora and Soubeyran (1996) search for the effects of
environmental taxation in oligopoly. They find that unlike the case of perfect
competition or monopoly, an increase in emission tax does not always decrease the
firms’ profits in oligopoly, some firms may increase their profits while others profits

decrease.

Katsoulacos and Xepapadeas (1996) show that for both monopoly and fixed
number oligopoly, the optimal emission tax is lower than the marginal external
damages of pollution but under imperfect competition, the optimal emission tax
increases as the number of firms increase. When there is free-entry, the optimal tax
rate may be higher than the marginal external damages. If the abatement cost and fixed
cost are small enough, the optimal tax is close to the marginal external damages
because tax rate will increase due to the reduction in output distortion caused by
increasing number of firms. Similarly, Gautier (2013) analyzes the impact of emission
tax and abatement subsidy in a two-country model. The result says that the multilateral
equal increase in subsidy leads to increase in emission in both the home country and
the foreign country, also in the case of product differentiation, the increase in global
emission is greater than the former situation. On the other hand, under the unilateral
equal increase in subsidy and tax, the effect of tax is balanced by the effect of subsidy.
Moreover, under the product differentiation the emission effect on foreign country is
small so the global emission level may decrease becasue an increase in tax (reduction

in emission) dominates the increase in subsidy (increase in emission).

1.3.3. Environmental policies and plant location

Since there are many factors affecting the decision of location (to access to resources
or markets, transportation costs, labor market, political condition etc.) and some of
these factors cannot be related to the environment, many researchers may not find a

significant evidence to support the relationship between the locational decision of



firms and environmental standards (Xing and Kolstad, 1996). However, there are some
studies that can be considered as evidence for this relationship (Dean and Brown, 1995;
Gray, 1997; List and Co, 2000; Jeppesen et al., 2002; Gray and Shadbegian, 2002).
Some researches show that the environmental regulations are one of the determinants
for location choice of FDI and there is a negative relationship between FDI and tough
environmental regulations (Xing and Kolstad, 2002; Waldkirch and Gopinath, 2008;

Kalamova and Johnstone, 2011).

In addition, some firms may prefer to shift their existing plants rather than to
open a new plant because of the regulations. The reason is that the impact of
regulations can be larger for new plants since they are more likely to be strict for new
plants and protective (grandfathered) for existing plants. Hence the birth of new plants
IS more sensitive to these regulations than the deaths of existing ones (Gray and
Shadbegian, 2002, Levinson, 1996, Tannenwald, 1997). Similarly, Gray (1997) says
that the plant births have a negative relationship with the strict regulations so new
plants are more likely to locate in places with lax environmental regulations. He argues
that these regulations seem to have similar impacts on both polluting and non-polluting
industries. Moreover, Levinson (1996) states that the locational decision of plants of
large firms is more affected by string environmental regulations than the other firms.
On the other hand, he says that there are little evidence to support that strict regulations
deter opening of new plants. The reason is that firms may think that to adapt their
production system according to most stringent regulations is less costly than to adapt

different production systems for different locations.

1.3.4. Environmental policies and trade

Trade liberalization has three main effects on environment. Since it causes to
redistribution of resources and production based on the comparative advantages, it
increases output level. This increase in output is called scale effect and the reallocation
of production is called composition effect. Finally, it may lead to more efficient and
environmental production system, which is called technique effect. The net effect of
trade liberalization on the environment is determined based on the weights of these
three effects (Barrett, 2000). Furthermore, trade liberalization is criticized on three
main points regarding the environmental issues. First, it is claimed that trade

liberalization exacerbates the existing environmental damage. Second, it causes to
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decrease in countries’ environmental standards in order to attract foreign investments
since firms are allowed to export their products to the countries with high
environmental standards by trade liberalization. Finally, it is said that WTO gives
priority to the interests of trade rather than the environmental concern (Neumayer,
2000).

The environmental standards vary across the countries but the costs of pollution
abatement also vary across the countries depending on their infrastructure, technology
or factor prices. Hence, under the assumption that there is no transboundary
externalities and these standards are locally optimal; the differences between countries'
environmental standards should not create too much problem (Brunnermeier and
Levinson, 2004). However, it is also claimed that even if the resources are efficiently
allocated and the management of environment is optimum, trade liberalization can lead
to depletion of resources and environmental damage (Neumayer, 2000). Moreover,
there are other factors affecting comparative advantages in polluting industries
(assimilative capacity, demand for environmental goods, property rights etc.) so
setting common environmental policies across countries may not be enough to reduce
differences in terms of competitiveness in industries with strict environmental
regulations (Xing and Kolstad, 1996). Moreover, when the globalization increases, the
cost of sub-optimal environmental policy rises because of the more competitive
international market (Neary, 2006). On the other hand, Cropper and Oates (1992)
claim that domestic environmental standards do not have important effects on
international competitiveness and trade. Hence, there is no need to compete for

relaxing environmental policies.

Cole and Elliott (2003) say that the effect of trade liberalization on the
environment depends on the comparative advantages of countries determined by factor
endowment and income. These country specific features affect the level of
environmental regulations applied by governments. Environmental Regulation Effect
(ERE) implies that the countries with less strict standards have comparative
advantages in pollution-intensive production so; they can specialize in dirty industries.
Eventually they become a pollution heaven while the countries with more strict
standards specialize in clean industries. On the other hand, Capital-Labor Effect
(KLE) focuses on the factor endowments of countries and it implies that the countries

with more capital endowments specialize in capital intensive (relatively pollution
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intensive) sectors while the countries with more labor endowments specialize in labor
intensive (clean) sectors (Cole and Elliott, 2003). For example, high-income countries
may seem to be moving away from a material involved economy. In fact, these
countries become relatively dematerialized as they export material-intensive stages of
their production to the low-income countries (Roberts and Parks, 2007). In his study,
Copeland (2000) analyzes the trade liberalization and environment. According to the
results, trade causes to shift some pollution from rich country to poor country by
changing relative price of polluting good. In the case of tariffs and pollution taxes,
government should choose trade policy to protect polluting industry rather than weak
environmental policy. The reason is that the trade policy is more efficient while the
weak environmental policy is more distortionary. If there are externalities, the trade
policy should be implemented as a second-best trade policy to protect environment.
Duval and Hamilton (2002) developed a model with asymmetric consumption,
production and pollution diffusion across countries. They found that in the case of
asymmetric production cost, the optimal cooperative environmental tax policy is non-
harmonized across countries but in the case of same production cost, this policy is
harmonized even if the other asymmetries hold. For the non-cooperative situation, the
optimal environmental tax policy depends on three effects: terms of trade, imperfect

competition and pollution leakage.

1.4. The Motivation for FDI

Globalization allows capital to move across borders and settle in the place that will
bring the most profit. This mobility of capital creates significant impacts on the
economies and policy decisions of countries and it takes place in many different ways.
Foreign investments is one of the most common capital flows and they can be
examined in many different headings. FDI (foreign direct investment) is one of these
headings and it can start a race between countries to attract investment due to its effects
on welfare. The reason of this competition is the benefits provided by FDI like
technology transfer, substituting imports, creating export revenues and new jobs
(Barros and Cabral, 2000). In addition, they can decrease the price of goods; also, they
stimulate competition in the local economy by creating demand for inputs and labor.
On the other hand, they may harm to the domestic firms especially when the domestic
firms are inefficient compared to the foreign firms. In this case, governments should
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consider three main points; the cost-benefit analysis for FDI, the situation of domestic
firms and the non-tax instruments to increase the advantageous of FDI (Lahiri and
Ono, 1998).

There are many studies studying the competition amongst countries to attract
FDI and factors affecting locational decision of foreign investment. Bjorvatn and Eckel
(2006) study policy competition for FDI. If there are high trade costs, the country
without local firm attracts FDI because of the protected and less competitive national
market also due to the higher willingness to pay for the investment; the policy
competition makes this country more attractive to invest. On the other hand, if trade
costs and market size effects are balanced, the argument that affects the locational
decision will be subsidy. Barros and Cabral (2000) show that if two asymmetric
countries offer zero subsidy, the large country attracts foreign firm because of the
transportation cost but if countries are the same size then the foreign firm chooses the
country which offers higher subsidy. Moreover, if employment gain is small, FDI
chooses the large country to locate but if employment gain is large, FDI chooses the
small country to locate because in this case, the large country wants to equilibrium
with subsidy competition instead of the first-best solution. Similarly, Fumagalli (2003)
analyzes the effect of subsidies on the competition to attract FDI. The countries benefit
from FDI through the technological spillover. According to the results, if there is a
strong spillover, the country with less efficient firm is always willing to offer higher
subsidy. When there is export as an alternative to FDI and the trade costs are high, the
welfare of both countries are more likely to decrease with the allowing subsidies
because of the weaker competitiveness of domestic firms. In addition, Haaparanta
(1996) finds that develops high wage countries can increase their foreign investment
rates because subsidies can be raised more quickly in the high wage countries than in
the low wage countries. Moreover, these high subsidies can eliminate the negative
impact of high wage on firms’ production costs. On the other hand, Gorg et al. (2009)
research the relationship between tax competition, social expenditure and FDI. They
claim that the location decision of MNC (Multinational Corporation) is affected by not
only the level of tax but also by what the governments do with tax revenues. They
analyze 18 OECD countries for the period of 1984-1998 and they found that the
corporate tax does not necessarily have a negative effect on MNC rather it can promote

more convenient economic environment for MNC.
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When there is unemployment in countries, the country with larger gap between
wage and shadow price of labor attracts investment. Since the larger country has a
larger job creation effect, this country becomes more willing to subsidy (Bjorvatn and
Eckel (2006). Lahiri and Ono (1998) say that if FDI is inefficient and there is small
number of domestic firms, the employment effect will be high but if FDI is efficient
and there is an oligopolistic market in the host country, the price-lowering effect will
be high. Moreover, if the number of domestic firms is low and FDI is more efficient
when they use inputs from home country, government has more incentive to attract
investment because of the consumer surplus and the price-lowering effect so it does
not apply any restriction on local content. However, if the market is already
competitive and so the price-lowering effect of FDI is unimportant, the government
may choose the high level of local content requirement. Finally, Brander and Spencer
(1987) show that if the host country suffers from high unemployment, the government
imposes reasonable tax policy and disincentive tariff policy so that the foreign firm

prefers to invest in that country rather than exporting.

1.4.1. Competition for FDI in the presence of environmental policies

One of the preferred ways for countries to attract investment is to create a comparative
advantage by decreasing environmental standards. In some cases, this situation leads
to environmental improvements and economic growth in some countries like Northern
countries but also it leads to environmental destruction and economic blockage in other
countries like Southern countries (Muradian and Martinez-Alier, 2001). The reason is
that, the extraction and production operations controlled by transnational capital is
generally less eco-efficient in less developed countries since they consume more
energy, creates more waste and destroy natural resources (Jorgenson, Dick and
Shandra, 2011). These transnational corporations can benefit economically from the
moving their environmental cost created by ecologically harmful production system to
the other countries. Moreover, they can hide more easily the environmental
consequences of their operations from the public and consumers (Jorgenson, Dick and
Shandra, 2011). Jorgenson (2009) found that between 1975 and 2000, the total carbon
dioxide emissions and carbon dioxide emissions per unit of production have a positive
relationship with the foreign direct investment in the secondary sector in less
developed countries. Hence, he claims that the manufacturing industry controlled by

foreign capital in those countries is less eco-efficient so it is more likely to damage to
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the environment. For instance, considering the amount of emission intensity per
output, the emission intensity in Southern countries is about five times higher than in
Northern countries (Grether, Mathys and Melo, 2007).

As a result of this competition to attract or keep FDI, countries may feel
pressure on them to reduce their environmental standards so this situation causes to
the race to the bottom in terms of environmental regulation (Neumayer, 2000). To
examine FDI flows, Kalamova and Johnstone (2011), analyzed the data from 27
OECD source countries and 99 host countries for between 2001 and 2007. According
to the results, there is an inverse U-shape relation between the lax environmental
standards and FDI inflows for both developed and developing countries. They interpret
this situation by saying that when the environmental standards fall below a certain
level, countries lose their ability to attract investments. Accordingly, Lee et al. (2014)
build a model in which two countries (North and South) compete to attract two MNFs.
They show that the location decisions of firms are affected by the fixed costs, the
technology spillover and the environmental policies of countries. Although the lax
environmental policy in developing countries can attract MNC to locate, if the fixed
costs of firms are low enough, a continuous reduction in environmental standards
eventually does not influence the decision of MNC. In addition, Ohori (2011) analyzes
the environmental policy instruments and foreign ownership. He finds that when the
number of domestic firms increases, the environmental standards become more severe
and the environmental tax decreases. In addition, for both environmental tax and
environmental standards, foreign ownership restriction leads to mitigate the

environmental policies and improve welfare.

Waldkirch and Gopinath (2008) found a positive relationship between FDI
inflows into Mexico and pollution from sulfur dioxide, which is a highly regulated
pollutant. They say that lax environmental regulations may have an ability to attract
foreign investment so these regulations do not have to deter FDI by making emission
intensity lower. Similarly, in their study, Xing and Kolstad (2002) search the
relationship between US FDI and environmental regulations of foreign host countries
for several industries. They found that the environmental regulations are one of the
determinants for location choice of FDI and there is a negative relationship between
FDI and tough environmental regulations especially for pollution-intensive industries

such as chemical and metal. Therefore, some countries develop clean production
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system while others specialize pollution-intensive production. These results can be an
interpretation for a pollution heaven hypothesis, which indicates the relocation of
pollution based on the difference between environmental regulations of countries.
Pollution haven hypothesis states that differences in environmental regulations and
standards between countries provide comparative advantage to some countries in
pollution-intensive industry. This argument is also called Industry Flight Hypothesis
(Xing and Kolstad, 1996) and it creates an alternative space for transnational
corporations who want to reduce their environmental costs also it gives an alternative
explanation for EKC hypothesis that suggests that there is an inverted-U relationship
between income and pollution. Since, pollution does not decrease because of
increasing income rather it is shifted to other countries through the transportation of
production (Cole, 2004). Another important evidence for the relationship between
location decision of FDI and environmental regulations is that the rate of pollution in
developing countries where the pollution restrictions are generally mitigated has
reached the highest level in the period that OECD countries have tightened their
environmental standards (Cole, 2004). Furthermore, researches show that many
OECD countries are net importers of carbon-intensive goods from developing
countries while they tend to be exporter in service sectors like banking, tourism,

advertising, sales, design and distribution (Parks and Robert, 2008).

To see the impacts of FDI on the environmental policy in the presence of intra-
industry trade and cross-border pollution, we develop a benchmark model and an
extended model. In the benchmark model there are two countries and each country has
one domestic firm. The domestic firms produce a homogeneous product and they serve
both domestic and foreign markets. Both countries are assumed to have unemployment
and pollution problem. In the extended model, there is a multinational company, which
wants to invest in one of the countries with more inefficient domestic firm. It is
assumed that MNC fully repatriates its profit to the source country so the host country
can not benefit from MNC through the producer surplus. In this study, due to the excess
of variables and the size of equations, the results are difficult to interpret. In order to
have clearer results we have to make a simulation and determine appropriate values
for parameters with respect to our assumptions and second order and stability
conditions. Based on these simulation values, we find that when there is a MNC in the

market, the host country and rival country always set stricter environmental policy.
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The negative effect of pollution on welfare decreases in both countries but the decline
is much more in the host country since it applies more severe policy than the rival
country does. On the other hand, the rival country is in a better position in terms of
welfare because of the advantageous situation of its domestic firm. Finally, the results
show the cooperative behaivour always results in a higher level of welfare for both

countries.
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2. TRADE AND ENVIRONMENT

Environmental policies and trade policies can be applied to offset each other. When
the trade policy is restrained, the environmental policies should be less severe or when
the environmental policy is restrained, tariff will improve welfare. Furthermore, if one
of these instruments cannot be increased (decreased) to be close its optimal level then
the other one should be decreased (increased) from its optimal level (Neary, 2006).
Nannerup (1998) finds that the incentives of governments to capture foreign rent
decreases less when they use environmental standards as a policy instrument rather
than subsidies. It is claimed that since they can lead to deviation on trade, to impose
trade instruments (tariffs or sanctions) should not be preferable way instead; the
governments should choose to apply trade policy to create effective mechanism to
control pollution. However, governments, which put domestic firms in a
disadvantageous situation in terms of international competition by imposing strict
environmental policy, may choose to apply trade sanctions on other countries' firms to
ensure equivalence (Xing and Kolstad, 1996). Barrett (1994) shows that if domestic
market is a monopoly and foreign market is imperfectly competitive, domestic
government chooses to impose weak environmental standards. However if domestic
market is oligopoly and foreign market is perfectly competitive, environmental
standards become stronger. In addition, under price competition (Bertrand),

governments set stronger standards compared to quantity competition (Cournot).

An increase in pollution control costs of domestic firms leads to a reduction in
international market share and also it increases the amount of imported polluting
goods. On the other side, the differences between abatements technologies can
eliminate the differences between environmental regulations of countries, if there is an
efficient regulatory regime. In this way, the competitive disadvantageous arising from
strict regulations can be dominated and international market share can be increased
with better environmental conditions (Sartzetakis and Constantatos, 1995). While to
adapt cleaner technology increases fixed costs, other abatement activities influence

variable costs of firms hence the environmental regulations can affect market price and
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total output. An increase in fixed cost raises the cost of entry into markets and
discourages firms from innovations so decreases the variety of domestic products.
However, it results in a lower price so the competitiveness of domestic firms in
international market increase. On the other hand, an increase in variable cost
deteriorates the international market share of domestic firms by increasing price and
decreasing output (Haupt, 2006). If the marginal benefit of abatement is lower than the
marginal cost of pollution control, the welfare will be better off as the government

relax the environmental standards (Cropper, Oates, 1992).

Conrad (1996) shows that when there are two countries and international
homogeneous product duopoly, governments have an incentive to implement emission
tax rate below the marginal damages. The reason is that if the tax rate is high, there
will be a reduction in consumer’s surplus because of the increasing price. In addition,
governments want to ensure the competitiveness of domestic firms against the foreign
firms in the both domestic and international markets. Finally, they want to offset the
amount of pollution and abatement activities between the countries (transboundary
externality effect). Kayalica and Kayalica (2005) find that under the assumption of
transboundary pollution, if there is a higher disutility of pollution or less efficient
firms, government sets higher consumption tax and lower tariff rates. On the other
hand, if there is a larger demand, government sets lower consumption tax and higher
tariff rates. In the case of cross border pollution, the changes in foreign country’s spill-
over affect home country’s pollution indirectly through the emission taxes so to
increase equally the spill-over parameters of both countries gives better results in terms

of pollution and welfare for both countries (Hatzipanayotou et al., 2008).

In this section, we develop a benchmark model to analyze the optimal
environmental policies of countries in the presence of intra-industry trade and cross-
border pollution. We aim to investigate welfare conditions and policy level decisions

of countries under non-cooperative and cooperative behaviors.
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2.1. The Benchmark Model

In our model, there are two countries, labelled A and B. Each country has one domestic
firm. The domestic firms produce a homogeneous product and they serve both
domestic markets and foreign markets. It is assumed that there is an intra-industry
trade between the countries. All firms have constant marginal (average) cost and

constant per unit cost. The inverse demand functions for the good are given by*
pa=a—b.Da (2.1)
pb = a — b.Db (2.2)
where pa and pb are the prices in each country. The firm in country A produces ga for
the consumption of local market and gax for export to the country B. Similarly, the
firm in country B produces gb for the consumption of local market and gbx for export

to the country A. Hence, the total demands of countries consist of the demand for local

production and the demand for exported product. These are given by

Da = qa + gbx (2.3)
Db = gb + gax (2.4)
Profit of each firm is given by ©
ma = (pa— ka).qa + (pb — ka).qgax (2.5)
b = (pb — kb).gb + (pa — kb).gbx (2.6)

where xa and b are the constant marginal (average) cost of domestic firms in country

A and B. These are given by
Ka = ca + W (fa — za) (2.7)
kb = cb + p. (6b — zb) (2.8)

where ca and cb are the constant per unit cost determined by technological and factor
market conditions, da and b are the gross pollution before abatement, za and zb are
the maximum quantity of allowed pollution for per unit of output that the firms are
allowed to emit into the atmosphere. p is the constant unit abatement cost and we

assume that this is equal for both countries.

The inverse demand functions are derived from the quasi-linear utility function U (D? D¢, y) =
o D + P DP - [f2 D* + > DP* + 2yD2DP]/2 +y, where y is the consumption of the good.
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The firms are assumed to behave in a Cournot—Nash. The first order profit maximizing

conditions are found as
b.ga=pa—ka b.qax =pb—ka (2.9)
b.gb =pb—kb b.qbx = pa—«xb (2.10)

By using (2.1) (2.2) and (2.9) (2.10) when the closed form solutions are solved, we

find the output and price as

_ _a—2ka+kb
ga=qax = 30
(2.11)
b = ab _a—2kb+ka
qb = gbx = 3b
(2.12)
a+ ka + kb
pa=pb=——F—
3
(2.13)
Differentiating equation (2.11) and (2.12) we obtain
_ 2y 11
dga = dqax = b dza 3b dzb
(2.14)
dgb = dgbx = —idza + & dzb
3b 3b
(2.15)

Each firm will increase (decrease) its production for both local market and
foreign market when it is allowed to emit more (less) pollution or its rival firm in other
country is allowed to emit less (more) pollution. As expected, the firms are more

sensitive to their own country’s policy than the rival country’s policy.

Totally differentiating the profit functions we get
3b dma = 8u.qa dza — 4. qa dzb (2.16)
3b dmb = —4u.gb dza + 8u. gb dzb (2.17)

As in Brander and Spencer (1987) and Lahiri and Ono (1998), we assume that

there is an unemployment problem in both countries. The variable inputs costs of local
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production provide income related to job creation for country's welfare. Therefore,
countries can benefit from the employment and profits generated by domestic firms
however, they both dislike pollution. It is assumed that pollution occurs during
production and there is cross border pollution between two countries. It is also assumed
that the countries are more sensitive to the pollution caused by local production than

the pollution caused by foreign production.

The welfare functions of country A and B are given by Wa and Wb, respectively, as:

(a —pa)?
Wa = BT + ma + ca. (qa + qax) — ¢1. (qa + qax).za — $2.(gb + gbx).zb
(2.18)
(a— pb)?
Wb = ——— + mb + cb. (gb + gbx) — ¢1.(gb + gbx).zb — $2. (qa + qax).za

2b
(2.19)

The welfare function of each country consists of five terms. First term is the
consumer surplus, second term is the profit gain generated by domestic firms, third
one is the employment effect and the last two terms are the disutility of pollution
generated by local production and foreign production. ¢/ and ¢2 are the marginal
disutility of pollution caused by local and foreign production and both are assumed to

be constant.
Totally differentiating the profit functions we get
3b dWa = Al.dza + A2.dzb (2.20)
3b dWb = A3.dza + A4.dzb (2.21)
where
Al = 4p.ca+bp.Da+b.(4p — 3¢d1).(qa + qax) — 2. (2¢p1za — dp2zb)
(2.22)
A2 = —2p.ca+bp.Da—b. (Zu. (qa + qax) + 3¢2.(gb + qu)) — 2. (—dlza + 2¢2zb)
(2.23)
A3 = —-2p.cb+ bp.Db —b. (3(1)2. (qa+ qax) + 2p. (gb + qu)) —2p. (2d2za — Pp1zb)
(2.24)

A4 = 4pu.cb + bp. Db + b. (4p — 3¢1). (gb + gbx) — 2p. (—d2za + 2¢d1zb)
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(2.25)

Al and A3 represent the effect of each government’s environmental policy on
its own welfare. A2 and A4 represent the externalities, which show the effect of one
government’s environmental policy on the other country’s welfare.

2.1.1. Non-cooperative solution

In the first case, we consider that governments act in a non-cooperative game. There
Is a two-stage game in which first the governments determine the pollution quota and
then the domestic firms determine their output levels based on the pollution quotas

taken from the first stage of the game.

To assure the concavity conditions are hold, we need to show that the welfare

functions of countries are concave in za and zb. The conditions are found as
W (17p — 24¢1) < 0 (2.26)
Therefore, the concavity conditions hold if
17 < 241 (2.27)
In addition, we have to assure the stability condition. The condition is given by
Wza(za). Wzb(zb) — Wza(zb). Wzb(za) > 0 (2.28)
12p2. (4p — 5¢1 — $2). (5p — 9p1 + 3¢2) >0 (2.29)
The stability condition holds if
4p < 5¢1+ 2 and 5p < 9p1 — 32 (2.30)

Setting A1l and A4 equal to zero, we find the countries’ non-cooperative policy

instruments as

FzaN = 2a. (31 — 5p). (—4p + 5b1 + $2) + ca. (6p? + 641. (7d1 — $p2) —
(401 — 7¢2). ) — cb. (14p? + 12¢1. (1 — $2) — (2641 —
5¢2). 1) + pba. (40u? + 6d1. (7d1 — $2) + (7dp2 — 88d1). 1) —
ueb. (12¢1. (p1 — $2) — (141 — 17¢2). )
(2.31)
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F zbN = 2a. (3p1 — 5p). (—4p + 5¢1 + $2) — ca. (14p? + 12¢1. (d1 — $2) —
(261 — 5¢2). 1) + cb. (6p? + 6¢1. (7dp1 — $2) — (401 — 7d2). 1) —
uoa. (12¢1. (¢p1 — $2) — (141 — 17¢2). ) + ubb. (40p2 +
641.(7d1 — $p2) — (88d1 — 7¢2). )
(2.32)
where
F = 21 (4p— 501 — $2). (5p— 9d1 + 3¢2) (2.33)

Due to the excessive variables and the size of equations, these and following
result are difficult to interpret. In order to have better results we have to determine
appropriate simulation values for parameters with respect to our assumptions, second
order conditions and stability conditions. After many long-term studies, we assign the
following values providing all the necessary conditions. Table 2.1 represents these
simulation values and the ranges of possible values for parameters that will be used to

observe the effect of the change in parameters on the optimal policies.

Table 2.1 Simulation values and ranges for parameters

Range of

Parameters Values possible values

Min Max

a 14.0 13.0 14.0

b 0.7 0.6 0.75

ca 2.013 2.0125 2.02
cb 2.012 2.0122 2.0128

fa 8.013 8.0125 8.02
0b 8.012 8.0119 8.0129

M 1.02 1.02 1.03
o1 1.15 1.12 1.155
b2 0.4 0.39 0.405

For all domestic firms in both country A and B, the intercept (a) and the slope
(b) of the demand function are assumed as 14 and 0.7 respectively. The domestic firms
differ with respect to their constant per unit costs that are assumed as 2.013 and 2.012
for ca and cb. The firm in country A is assumed to be less efficient compared to the
firm in country B. Based on this, is it also assumed that the firm in country A produce

more pollution than the firm in country B so the gross pollutions before abatement are

25



posited as 8.013 and 8.012 for 6a and 6b, respectively. The maximum values of the
constant per unit cost and the level of gross pollution of firm in country B is always
lower than the accepted value of the firm in country A. Therefore, the ranges of
possible values are determined based on these assumptions. We also assume that the
disutility of pollution generated by domestic production, ¢1, is always higher than the
disutility of pollution generated by foreign production, ¢2, due to the decaying effect
with distance from the source of transboundary pollution. Hence the disutility of
pollution of domestic production is counted as 1.15 while the disutility of pollution of
foreign production is counted as 0.4. Finally, the constant unit abatement cost, y, is

assumed identical for all firms and its value is posited to be 1.02.

2.1.2. Reform from a non-cooperative equilibrium

In this section, we examine the effect of cooperative action of governments’
environmental policy on the firms’ output level. Like in the non-cooperative case, there
is a two-stage game. First, the governments set their pollution quotas cooperatively,

second, the firms determine their production level.

Using the equations (2.20) and (2.21), the welfare function of cooperative equilibrium

IS shown as
3b dW = (A1 + A3).dza® + (A2 + A4).dzb® (2.34)
The concavity condition is found as
11p—12.(¢p1+ $p2) < 0 (2.35)
The condition holds if
11p < 12. (1 + $2) (2.36)
The stability condition holds if
2u? = 51 (d1 + $2) + 3. (p1 + $2)2) > 0 (2.37)

Setting the coefficients of dza® and dzb® equal to zero, we find the cooperative

solutions as

H za® = =20 (4p® — 7. (p1 + $2) + 3. (1 + $2)?) + 3ca. (u? — 3. (Pp1 +
$2) + 2.(dp1+ $2)?) — pcb. (p — $p1 — $2) + pba. (8p® —
151 (P11 + ¢p2) + 6. (b1 + $2)2) + u26b. (1 + §2)

(2.38)
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H zbC = —2a. (4p% — 7. (b1 + $2) + 3. (p1 + $2)? ) — pca. (u — d1 — $p2) +
3cb. (% — 3. (b1 + $2) + 2. (b1 + $2)?) + p? 8a. (b1 + p2) +
ubb. (8% — 151 (¢p1 + $2) + 6. (b1 + $2)?))

(2.39)

where

H o= 40 (2u2 — 5 (G1 + ¢2) + 3. (d1 + $2)?) (2.40)

2.1.3. Uniform policy

In this section, we assume that the cooperative solutions are restricted to be uniform.
First, the governments determine their uniform pollution levels and then the firms

determine their production levels.

Using the equations (2.20), (2.21) and setting za = zb = zY, we get the welfare function

of uniform equilibrium
3b dW = (A1 + A2 + A3 + A4).dzY (2.41)
The concavity condition is found as
21— 3.(p1 + $2) <0 (2.42)
The condition holds if
21 < 3.(d1 + $2) (2.43)

Setting the coefficient of dzV equal to zero, we find the uniform emission level as

% (8n—6.(p1 + $2)) — (ca+ cb). (L —3.(d + $2)) + . (4p — 3. (b1 + $2)). (6a + 6b)
h 4. (3. (b1 + $2) — 2p)

(2.44)

To compare the welfare conditions of countries for non-cooperative,
cooperative and uniform solutions, we use the simulation values. We examine all the
terms in welfare: (i) consumer surplus; (ii) producer surplus; (iii) employment; (iv)

disutility of pollution. The results are shown in the following table.
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Table 2.2 Total welfare for optimal policies of non-cooperative, cooperative and

uniform solutions

poles | Sumivs Surplus  ETPOYMent ol o
zaN 22.4535 22.4403 16.1185 55.9238 5.08838
zbN 22.4535 22.4667 16.1199 55.9375 5.10253
za® 6.65318 6.6445 8.77083 5.05488 17.0136
zb® 6.65318 6.66187 8.77793 5.05798 17.035
zal 6.65318 6.64438 8.77075 5.05481 17.0135
zbY 6.65318 6.66199 8.77801 5.05805 17.0351

When there is cooperation between countries in terms of their environmental
standards, the permitted pollution levels will be lower than the non-cooperative case
and the welfare of both countries will strictly improve. If the governments impose
stricter environmental policies, the production cost of firms will increase so the
production and the total pollution generated by domestic and foreign production will
decrease. Although the price will increase because of the reduction in production, the
gain from the decrease in pollution is larger than the total loss of consumer surplus,
producer surplus and employment. Therefore, when countries cooperate, governments
apply stricter environmental standards because of the negative externalities of

pollution.

2.2. Comparative Statics

By using the optimal non-cooperative, cooperative and uniform solutions above, we
examine the effects of changes in parameters on the equilibrium emission levels. The
parameters studied below are market size (o), constant per unit cost (ci), per unit gross
pollution (0i), disutility of pollution resulted from domestic and foreign production
(01, ¢2) and the abatement cost (u) where i = a,b. To determine the signs of some
equations are not possible in the parametric modes. Therefore, to make the signs clear,
we use the simulation values for parameters in the equations and these results are

shown in the following table.
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Table 2.3 The signs of the effects of changes in parameters on equilibrium
emission levels

The Optimal Parameters
Pollution Quotas a ca cb 0a b pn Ppl P2
zaN + + + - - + - +
zbN + + + - - + - +
zaC - + + - + + - -
7bC - + + + - + - -
zU - + + + + + - -

Pollution quotas and market size: For non-cooperative solution, when the market
size increases, governments impose less severe pollution quotas in both countries. This
Is because, an increase in market size creates demand and governments want to meet
this growing demand with domestic production. As a result, total output and
employment will increase and the price will decrease. The positive effects of consumer
surplus, producer surplus and employment on welfare will dominate the negative effect
of relaxing pollution standards. However, when there is cooperation, higher market
size leads to stricter pollution quotas. Higher total domestic and foreign productions
resulted from growing demand increase the negative effect of pollution so the

governments try to mitigate this effect by decreasing emission quotas.

zi (i = ab)
NC

C,u

a

Figure 2.1 The effect of changes in market size on optimal pollution quotas

Pollution quotas and constant per unit cost: For three solutions, when the constant
per unit costs increase, the cost of production will increase so the firms will decrease
their productions. Because of the reduction in production, profits of firms and

employment will decrease also price will rise. The governments allow firms to emit
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more pollution in order to compensate these negative impacts on welfare caused by
consumer surplus, producer surplus and employment effect. Although this leads an
increase in the negative effect of relaxing the pollution standards on welfare, this effect

will be minor in comparison to the other positive effects on welfare.
zi(i=ab)

NC,C, U

ci

Figure 2.2 The effect of changes in constant per unit cost on optimal pollution

guotas

When the rival firm’s constant per unit cost increases, the government increases
pollution level to protect its domestic firms. An increase in marginal cost leads to
government impose less severe pollution quota so it gives a competitive advantage to
firms in that country. Therefore, to provide balance in the market, the other

government will also impose less severe pollution quota.
zi(i=ab)

NC,C, U

cj=ab,i#]j)

Figure 2.3 The effect of changes in constant per unit cost of rival firm on optimal

pollution quotas

Pollution quotas and gross pollution: In the case of non-cooperation, and
cooperation, an increase in the level of gross pollution generated by domestic firms’

productions will increase the negative effect of disutility of pollution on welfare.
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Hence, governments will decrease their optimal pollution levels that firms are allowed
to emit so that the total production and pollution will reduce. On the other hand, in the
uniform solution, higher gross pollution generated by production of domestic or
foreign firms will lead to less strict emission quota. This can be explained by lower
negative impact of relaxing standards on welfare compared to the negative impact of

reduced production.

zi (i = a,b)

NC, C

0i

Figure 2.4 The effect of changes in gross pollution on optimal pollution quotas

On the other hand, when the rival firm’s gross pollution increase, the government
of other country will decrease its level of non-cooperative emission quota. Since its
firm is in an advantageous position in the market, the government can benefit from
that and it can force firm to decrease its production in order to reduce pollution.
However, when there is cooperation, an increase in the level of rival firm’s gross
pollution leads government to apply stricter quotas so the production in that country
will decline. To take advantage of this lack of production in the domestic and foreign
markets, the other government will encourage its domestic firm to produce more by

increasing emission level.

zi(i=ab)

NC

6j(=ab,i#])

Figure 2.5 The effect of changes in gross pollution of rival firm on optimal pollution

quotas
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Pollution quotas and abatement cost: For non-cooperative, cooperative and
uniform solutions, when the abatement cost increases, the consumer surplus, the
producer surplus and the employment will be affected adversely because of the
reduction in production. Therefore, governments increase their optimal policy levels
since the negative effect of relaxing the pollution standards will be minor comparing

to these three positive effects on welfare.

zi (i = a,b)

NC,C, U

n

Figure 2.6 The effect of changes in per unit abatement cost on optimal pollution

quotas

Pollution quotas and the marginal disutility of pollution: For all cases, an increase
in the disutility of pollution generated by local production leads governments to apply
more severe pollution quota. When the disutility of pollution increase, the welfare is
affected adversely and this negative effect dominates the other parts of welfare so the
government sets the stricter environmental standards to mitigate the total pollution

level by decrementing total output.

zi (i=a,b)

NC,C, U

ol

Figure 2.7 The effect of changes in marginal disutility of pollution generated by

domestic production on optimal pollution quotas
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In the case of non-cooperative solution, an increase in the disutility of pollution
resulted from foreign production will lead the optimal policy level to increase. This is
because when the disutility of trans-boundary pollution increases, governments may
want to encourage domestic production by relaxing emission standards so that the price
of domestic good decreases. By making its own domestic firm more competitive in
market, governments can reduce the demand for foreign good and so the negative

effect of disutility of trans-boundary pollution on welfare.

Zi (i = a,b)
NC

02

Figure 2.8 The effect of changes in marginal disutility of pollution generated by

foreign production on optimal pollution quotas

Conversely, in the cooperative and uniform solutions, an increase in the disutility
of pollution generated by foreign production results in a decrease in the optimal
pollution level that firms are allowed to emit. Since the higher disutility of pollution
causes welfare to deteriorate, both governments impose strict pollution standards to

mitigate this negative effect by restricting their local production.

2.3. Conclusion

In the benchmark model, we develop two-country model and analyze the behaviors of
governments in terms of their environmental policy in the non-cooperative,
cooperative and uniform cases. We assume that there is one domestic firm in each
country and there is an intra-industry trade between the countries so the domestic firms
serve both domestic and foreign market. Governments try to set optimal emission

guotas to maximize welfare affected by consumer surplus, producer surplus,
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employment level and disutility of pollution caused by domestic and foreign

production.

We find that starting from the non-cooperative behavior, a uniform reduction in
emission quotas is strictly Pareto improving. With these given simulation values, the
results show that when there is a cooperation, all parts of welfare decline because of
the reduction in production and the increase in price but the reduction in disutility of
pollution is higher than the losses in other parts. Since this reduction in negative part
of welfare dominates the other losses in positive parts, the welfare of both countries
will be better off when the governments cooperate and reduce the level of their

pollution quotas.
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3. TRADE, ENVIRONMENT AND FDI

When there is trade between countries and concern for attracting foreign direct
investment (FDI), governments can use policy instruments related with both trade and
environment. These instruments can bu used to compensate for their mutual influence
on welfare. In the literature, it is indicated that asymmetric market structure of
countries has different impacts on the level of these instruments and hence locational
decision of foreign investment. Haufler and Wooton (1999) find that when there are
exogenous and identical transport costs and countries offer subsidies tax, the country
with larger number of residents always offers a higher subsidy to FDI because the
residents can share the tax burden. In the case of trade costs (tariff or consumption
tax), the FDI is willing to invest into the large market in order to small number of its
customers have to pay the tariff. Besides, the tariff imposed by country with large
number of residents is higher than the other country. In addition, when trade costs are
exogenous, country with larger number of residents is willing to higher subsidy.
However when trade costs are endogenous this country is less willing to subsidize FDI.
For asymmetric market condition, Kayalica and Lahiri (2005b) analyze the location
decisions of FDI between a country with one domestic firm and a country with n
identical foreign firms. When the market size increases, the environmental regulations
are became more severe for both consuming country and host country. In the scenario
of free entry and exit of foreign firms, the same is true for host country and for
consuming country if the emission standards are strategic complement. For both
exogenous and endogenous number of foreign firms, when there is an economic
integration, host country applies more severe emission standards. This situation is
viable for consuming country if the level of cross border pollution is sufficiently high.
In the case of multilateral reform, a uniform reduction in emission standards has a
positive effect on the welfare of host country and consuming country if the marginal
disutility of pollution is sufficiently high there. In another study, they show when the
number of foreign firms is exogenous, the host country applies stricter emission

standard. In addition, when market size decreases, both countries apply less severe
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pollution restriction also when the gross pollution increases in one country, the
emission restriction is mitigated in that country and increased in the other country.
However, when there is a free entry and exit, the host country applies less severe
emission standard for both non-cooperative and cooperative situations (2005a).

Rauscher (1995) says that if the tax revenue is higher than the environmental
damage, the countries want to decrease their tax level in order to attract foreign
investment. However when the tax revenue approaches to the environmental damage,
the motivation of governments to cut their emission tax level decreases. Similarly,
Markusen et al. (1995) show that if foreign firm chooses one country to locate based
on its relatively low level of tax, this will not be a Nash equilibrium. The reason is that
other country will be worsen in terms of welfare because of the lower consumer surplus
and higher price increased by transport cost. Therefore, that country has an incentive
to decrease its tax level. If the export revenue dominates the disutility of pollution,
countries keep cutting their tax so this competition will result in a low level of tax and
a high level of environmental damage. In addition, the amount and the efficiency of
domestic firms affect the decision of FDI through the market condition. When
domestic firms do not export, MNC locates in a country with less domestic firms but
if domestic firms are sufficiently inefficient, MNC prefers to locate in a country with
more domestic firms. On the other hand, when domestic firms export, MNC always
locates in a country with less domestic firms (Lahiri and Hao 2009). Finally, Vlad and
Lahiri (2009) develop a North-South model in which there is pollution caused by
production in South and by cross-border effect in North. The North determines level
of aid financing the abatement activities in South and the South determines allocation
of aid and pollution tax. An increase in foreign capital inflows to the South results in
an increase in pollution in both the North and the South. Therefore, the North raises
the aid level because of the marginal willingness to pay for abatement so the pollution
abatement in South decreases. In the case of exogenous foreign investment, an increase
in foreign capital raises the amount of pollution by increasing production. However, it
expands the market and therefore increases the pollution tax revenue which finances
the abatement activities so there is also a decrease in pollution. Hence, if the tax rate
is higher than the unit cost of abatement, the net effect of foreign investment on

pollution is negative. In the case of endogenous foreign investment, a reduction in
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emission tax rate on foreign investment decreases the level of emission and increases

the welfares in both countries.

In this section, we want to examine the impact of FDI on the environmental
policies of host country and rival country. We intend to compare these results with the
results of benchmark model. In this study, FDI is represented by multinational

company (MNC).

3.1. The General Model

In the model, we extend the benchmark model by allowing entry of MNC that wants
to locate in one of the countries A and B. There is a fixed cost (F) for MNC and it is
assumed to be sufficiently large so that the MNC cannot operate in both countries at
the same time. The fixed cost is also assumed to be only firm-specific not the country-
specific so the location decision of MNC is affected by only the difference in
effectiveness between the domestic firms. In that case, MNC wants to locate in country

with more inefficient firm since it can gain more profit there.

Like in the benchmark model, the domestic firms in country A and B produce ga
and gb for domestic consumption and gax and gbx for foreign consumption. MNC
produces gm for domestic market in host country and also produces gmx for export to
the other country. The domestic firms and MNC produce homogeneous good that
creates pollution during the production. It is assumed that MNC has the same constant
unit abatement cost with the domestic firms. All firms have constant marginal cost and
constant per unit cost. It is assumed that MNC is technologically superior to the
domestic firms in terms of production and abatement activities (cm < ci, i = a,b).
Similarly, the firm in country B is technologically superior to the firm in country A in
terms of production and abatement activities (cb < ca). Therefore, MNC will choose
country A to locate because of the weaker domestic rival (see Appendix B for numeric

results). The inverse demand functions for the good are given by,
pa=a—b.Da (3.1)
pb=a—b.Db (3.2

Total demand of countries consists of the demand for local production and the demand

for export. These are given by
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Da = qa + qm + gbx (3.3)

Db = gb + qax + qmx (3.4
Profit of each firm is given by &t
ma = (pa — ka).qa + (pb — ka).qax (3.5)
1tb = (pb — kb).gb + (pa — kb).gbx (3.6)
mm = (pa — km).qm + (pb — km).qmx — F (3.7)

The constant marginal cost of firms are given by

Ka = ca+ p.(fa — za) (3.8)
Kb = cb + p. (6b — zb) (3.9
Km = cm + p. (6m — za) (3.10)

It is assumed that MNC has its own constant per unit cost, cm and gross
pollution before abatement, &m also it has the same constant unit abatement cost with
the domestic firms.

The firms are assumed to behave in a Cournot—Nash. The first order profit maximizing

conditions are found as

b.gqa=pa—ka b.qax =pb—xa (3.11)
b.gb =pb—kb b.qbx = pa—kxb (3.12)
b.qm = pa—km b.qmx = pb — km (3.13)

When the closed form solutions are solved by using (3.1) (3.2) and (3.11) (3.12) (3.13),
we find the output and price as

o — 3ka + Kb + km

ga =gax = T
(3.14)
b= ab _a—31<b+1<a+1<m
qb = gqbx = b
(3.15)
_ _a—31<m+1<a+1<b
gm = qmx = b
(3.16)
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o+ Ka + kb + Kkm

pa=pb= 2
(3.17)
Differentiating equation (3.14) (3.15) and (3.16) we obtain
dga = dqax = j_E dza — %dzb
(3.18)
dgb = dgbx = L s
4b 4b
(3.19)
dgm = dgmx = E dza — Ldzb
4b 4b
(3.20)

Each domestic firm will increase (decrease) its production for both local market
and foreign market when it is allowed to emit more (less) pollution or its rival firm in
other country is allowed to emit less (more) pollution. Similarly, MNC will increase
(decrease) its production for both local market and foreign market when it is allowed
by host country A to emit more pollution or its rival firm in country B is allowed to
emit less (more) pollution. In addition, the firms are more sensitive to their own
country’s policy than the rival country’s policy. However, this sensitivity is higher for
domestic firm in country B since the emission policy of country A has both positive

and negative effect for the domestic firm in that country and MNC.

Totally differentiating the profit functions, we get

dma = 2p.qadza— p.qadzb (3.21)
dmb = —2p.gb dza + 3p.gb dzb (3.22)
dmm = 2p.gqmdza — p.qm dzb (3.23)

As stated before, we assume that there is an unemployment problem in both
countries. Countries can benefit from consumer surplus and profits and employment
generated by domestic firms. It is assumed that the profit of MNC is fully repatriated
to the source country so the host country can benefit from MNC through only the

creation of employment. Again, it is assumed that pollution occurs during production
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and all domestic firms and MNC generate pollution. The welfare functions of country
A and B are given by Wa and Wh.

Wa = % + ma + ca. (qa + qax) + cm. (qm + qmx)
— ¢1.(qa + qax + qm + qmx).za — ¢2. (gb + gbx).zb
(3.24)
Wb = % + b + cb. (gb + gbx) — $1.(gb + gbx).zb
— ¢2.(qa + gax + qm + gqmx). za
(3.25)

The welfare function of country B consists of four parts: (i) consumer surplus;
(if) domestic firm’s profit; (iii) employment effect; (iv) disutility from pollution
generated by local and foreign production. The welfare function of country A has one

more part which is the employment effect generated by MNC.
Totally differentiating the profit functions, we get,
4b dWa = A5.dza + A6.dzb (3.26)
4b dWb = A7.dza + A8.dzb (3.27)
where

A5=2.(2u.[(ca+ cm) — (2d1za — $2zb)] + bp. Da + 2b.[(qa + qax). (n — ¢1) —
$1.(qm + qmx)]) (3.28)

A6 =—2u. [(ca+ cm) — (2¢p1za — 3¢p2zb)]| + buDa — 2b[p. (qa + gax) —
2¢2(gb + gbx)] (3.29)

A7 = — 4. [cb + (2¢d2za — ¢p1zb)] + 2bp. Db — 4b. [p. (gb + gbx)
+ ¢2.(qa + qax + qm + gmx)] (3.30)
A8 = 61 cb + by Db + 2b. (3t — 2d1). (qb + gbx) + 2p. (22za — 3¢d1zb) (3.31)

A5 and A8 represent the effect of each government’s environmental policy on
its own welfare and A6 and A7 represent the effect of one government’s

environmental policy on the other country’s welfare.
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3.1.1. Non-cooperative solution

In scope of Cournot—Nash equilibrium, we develop a two-stage game in which first
the governments determine the level of pollution quotas simultaneously. Second, the
domestic firms and MNC determine output levels based on these pollution quotas. The
game is solved by using backwards induction. To show that the solutions satisfy the
concavity and stability conditions we need to check that welfare functions are concave

in za and zb. The conditions find as
(51— 16¢1) < 0 and (37p— 48¢p1) < 0 (3.32)
Therefore the concavity conditions hold if
5u< 1641 and 37u < 48¢1 (3.33)
We also have to assure the stability condition. The condition is given by
Wza(za). Wzb(zb) — Wza(zb). Wzb(za) > 0 (3.34)
The stability condition holds if
(1912 — 90udp1 + 8812 + 14pd2 — 16p1p2 — 84h22) > 0 (3.35)

Setting A5 and A8 equal to zero, we find the countries’ non-cooperative policy

instruments as

2M zaN = . (—38p?% — 8¢1. (7d1 + $2) + (97d1 + 15h2). ) + ca. (19p? +
8¢. (541 — $2) + (11$p2 — 53¢1).p) — cb. (9bp? + 24¢p1. (dp1 + §2) —
(33¢p1 — 13¢2). ) — cm. (55p% — 8 1. (51 — p2) — (43d1 + 11d2). ) +
uba. (56p% + 8¢1. (5¢p1 — $p2) — (1011 — 11¢2). u) — ubb. (24d1. (b1 +
$2) — (9p1 —37$2). W) — udm. (18u% — ¢1(54p1 — d2) + (51 — 11¢2). )
(3.36)
M zbN = o (—19p% — 8p1. BP1 + $2) + (531 + 7¢2). ) + ca. (11p1 — 5¢2). u +
8dp1(—Pp1 + ¢2)) + cb. (4p? + 8¢p1. (5¢1 — $2) + (2 — 9$1).3p) —
cm. (22p% + 8¢1. (¢p1 — $2) — (27d1 + 11¢2). w) + pba. (11p? +
8¢p1.(—p1 + p2) + (31 — 13¢2). 1) + ubb. (19p? + 81 (5¢1 — $p2) +
(32 — 75¢p1). 1) — pudm. (11p2 + 8¢1. (b1 — d2) — (191 + 3d2). 1)
(3.37)
where

M = . (19p2 — 90ud1 + 88d12 + 14udp2 — 16dp1dp2 — 8¢22) (3.38)
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We use same simulation values in the benchmark model and add new values
for parameters of MNC with respect to the second order conditions and stability
conditions. Table 3.1 represents the simulation values and the ranges of possible values

for parameters.

Table 3.1 Simulation values and ranges for parameters of MNC

case
Possible values range
Parameters Values -
Min Max
14.0 13.0 14.0
b 0.7 0.6 0.75
ca 2.013 2.0125 2.02
cb 2.012 2.0122 2.0128
cm 2.01 2.0 2.0119
0a 8.013 8.0125 8.02
0b 8.012 8.0119 8.0129
fm 8.01 8.0 8.0119
F 3.0 2.0 3.0
M 1.02 1.02 1.03
d1 1.15 1.12 1.155
) 0.4 0.39 0.405

Since it is assumed that MNC is technologically superior to the domestic firms
in terms of production and abatement activities, it generates less pollution than
domestic firms in country A and B. Therefore, constant per unit cost and gross
pollution before abatement of MNC are posited as 2.01 and 8.01 for cm and 6m. The
ranges of possible values are determined based on the assumption which maximum
values of the constant per unit cost and the level of gross pollution of MNC are always
lower than the determined value of domestic firms. The fixed cost of MNC, F, is
counted as 3.0. Finally, the constant unit abatement cost, u, is assumed identical for

all firms so its value for MNC is also 1.02.
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3.1.2. Reform from a non-cooperative equilibrium

In this section, we examine the effect of cooperative action of governments’
environmental policy on the firms’ output level. Like in the non-cooperative case, there
is a two-stage game. First, the governments set their pollution quotas cooperatively,

second the firms determine their production level.

Using the equations (3.26) and (3.27), the welfare function of cooperative equilibrium

is shown a
4b dW = (A5 + A7).dza® + (A6 + A8).dzb" (3.39)
The concavity conditions are found as

(Gp—8.(dp1+ $2)) <0 and (7u—8.(dp1+ $p2)) <0 (3.40)

The conditions hold if

5u < 8(¢p1 + $2) (3.41)
7u < 8(d1 + d2) (3.42)

The stability condition holds if
7u<8(d1+ dp2)and p < 2(p1 + $2) (3.43)

Setting the coefficients of dza®and dzb® equal to zero, we find the cooperative
solutions as

R1 za®=2a. (u— 1 — $2) +ca. (—u + d1 + $2) + cm. (u+ d1 + $2) +
woa. (—2p + b1+ $2) + pom. (dp1 + $2))

(3.44)
R2 7bC=a. (=712 + 16u(dp1 + ¢2) — 8(d1 + $2)2) + cap. (b1 + 2) +
cb. (312 — 101 (1 + $2) + 8. (b1 + $2)?) — cmp. 2p — 1 — d2) +
u20a. (i + ¢1 + $2) + uob. (7p2 — 18p. (d1 + $2) + 8. (p1 + $2)2) —
p2em. (n — ¢1 — $2)
(3.45)

R1 =21 (2. (b1 + ¢2) — ) and R2 = p. (712 — 22u(dp1 + $2) + 16(d1 + $2)?)

(3.46)
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3.1.3. Uniform policy

In this section, we analyze the optimal emission level when the governments determine
a uniform pollution quota. Using the equations (3.26), (3.27) and setting za = zb = zY,

we get the welfare function of uniform equilibrium as
4b dW = (A5 + A6 + A7 + A8).dzV (3.47)
The concavity condition is found as
13pu —24.(dp1+ $p2) < 0 (3.48)
The condition holds if
13 < 24. (b1 + $p2) (3.49)

To find an optimal emission level, we set the coefficient of dzV equal to zero and solve

the equation. The results are given by
Y zV¥ = . (13p— 12.(¢1 + $2)) + (ca+ cb). (—3p + 4(d1 + $2)) + cm. (Sp+
4.(d1+ ¢2)) — . (7Tu— 4. (¢1 + $2)). (Ba + 6b) + . 6m. (k + 4. (d1 + $2))
(3.50)
where
Y = n(24.(¢1 + ¢2) — 13p) (3.51)

By using simulations values posited before, we get the following tables
showing the signs of differences between optimal policies and the welfare conditions

of three solutions. The subscript “M” represents the policies of MNC case.
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Table 3.2 The comparison of the optimal pollution quotas

The Benchmark
Model

The Extended
Model

The Comparison
of Two Models

za¥ —zbN > 0
za® —zb¢ >0
za¥ —za® > 0
zbN — zbC > 0

zal —zU > 0

za); — zbly < 0
za$; —zb§ < 0
zal —za$y > 0
zbY, — zb$; > 0

za) — zy > 0

zaN —za) > 0
N N

zb _ZbM>O

za® —za§; > 0

zb® — zb$; > 0

zZV -z >0

zbN —zU >0 zbN —z5 > 0
za® —zY > 0 za$y — zy < 0
zb¢ —zY < 0 zb$ — 75 > 0

In the benchmark model, the difference between the optimal non-cooperative
emission policies of the countries results from the constant per unit cost and gross
pollution values of domestic firms given in the simulation. The country with less
efficient firm applies less severe pollution quota to ensure competitiveness in
international markets and stimulate the domestic production. This situation is same

when the countries cooperate.

When there is a multinational company in the market, the host country always
imposes more severe emission policy than the other country. Since the MNC fully
repatriates its profit to the source country, host country does not have any concern
about losing the profits of foreign company. Although the pollution generated by MNC
is less than the domestic firms and it gives a positive impact on the host country’
welfare, the welfare will be deteriorate because of the reduction in producer surplus
and employment. Since the MNC is more efficient, it creates less employment than in
the case where there is only domestic firm in the market. Therefore, the government
decrease the allowed emission level to decrease negative effect of pollution in order to

compensate declining parts of welfare.

For the benchmark and extended model, cooperative behavior is always Pareto
improving because of the negative externalities of pollution. Countries will decrease
their optimal policy level when they cooperate. Furthermore, when there is MNC in

rival country, country B always imposes more severe environmental policy in
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comparison with the benchmark model. Since the domestic firm in this country is in a
more advantageous position compared to its rival in host country, the government can
impose more stringent policy without losing in producer surplus and employment
effect. For this reason, government wants to decrease emission quotas to reduce
pollution while it can still benefit from its market condition. Similarly, the host country
A sets stricter non-cooperative and cooperative environmental policy in comparison to
the benchmark model. This is because, the government wants to balance the losses in

welfare caused by MNC by reducing total pollution.

Table 3.3 Total welfare for optimal policies of non-cooperative, cooperative and

uniform solutions in MNC case

The O_pj[imal Consumer  Producer Employment Disutili?y of Total
Policies Surplus Surplus Pollution Welfare
zayy 19.6342 3.36441 12.5078 33.0667 2.43971
zbiy 19.6342 26.8676 17.6282 50.5206 13.6095
zayy 6.67904 1.68625 8.86514 1.34761 15.8828
zbyy 6.67904 6.56081 8.71109 3.71891 18.232
zay 6.40456 2.83113 11.4766 1.32953 19.3828
zbyy 6.40456 2.84263 5.73395 0.959784 14.0214

According to the results, although the total disutility of pollution in country B is
larger than in the host country because of the inefficient domestic firm, total welfare
of country B is strictly better than host country. This is because, when there is a foreign
firm in country, the gain from producer surplus of domestic firm will decrease. In
addition, since the foreign firm is more efficient than domestic firms are, the gain from
employment will fall. On the other hand, domestic firm in country B can create more
producer surplus and employment because of the being less efficient than MNC.

Therefore, these gains can dominate the loss resulted from disutility of pollution.

Moreover, when the countries cooperate, the welfare of both countries will
improve but although the increase in host country’s welfare is much more, still the
total welfare of country B is higher than the host country’ welfare. The reduction in
pollution quotas will decrease the negative effect of pollution. In addition, consumer

surplus, producer surplus and employment in both countries will also decrease because
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of the reduction in production but the gain from reduction in disutility of pollution is
larger than these losses. The main difference between the welfare of countries is
producer surplus. Although the producer surplus will decrease in both countries when
they cooperate, the host country will still have less producer surplus because of the
impact of MNC.

In the uniform solution, the welfare of host country is better than all three cases
and it is also better than the welfare of rival country. Many parts of welfare are similar
for both countries but MNC affects the host countries welfare by employment effect.
Although total disutility of pollution is higher than the rival country, the employment

is also higher in the host country.

3.2.  Comparative Statics

We use the simulation values for parameters and examine the signs of the effects of
changes in parameters on the equilibrium emission levels of three solutions. The

results are shown in the following table.

Table 3.4 The sign of the effects of changes in parameters on equilibrium emission

levels in MNC case

The Optimal Parameters
Pollution b 02 6b 0 ol 42
o ca ¢ cm a m

Quotas K
za) + + + + - - + + - +
zb}, + + + + + - + + - +
Za%/[ - + + - + + - -
zb$; - + + - + - + + - -
Zyy - + + + - - + + - -

Pollution quotas and market size: For non-cooperative solution, when the market
size increases, the governments in both countries impose less strict pollution quotas.
Since the higher market size means the higher production, the price will decrease and
the employment level will increase. Therefore, to meet growing demand in the market
and stimulate the production, the governments in both countries will increase the

optimal non-cooperative pollution level that the firms are allowed to emit. On the other
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hand, for cooperative and uniform cases, an increase in the market size leads more
severe pollution quota in both country because of the pollution effect of higher
production of domestic firms and MNC. This negative effect dominates the other parts

of welfare so the governments will set stricter cooperative environmental policies.

zi (i=ab)
NC

C,u

Figure 3.1 The effect of changes in market size on optimal pollution quotas for
MNC case

Pollution quotas and constant per unit cost: For three solutions, an increase in the
constant per unit costs of domestic firm or rival domestic firm will lead an increase in
the optimal pollution levels because of the reasons explained before. However, when
there is cooperation, domestic firm in host country is insensitive to the change in
constant per unit cost of domestic firm in country B. This situation can be explained
by the higher effect of MNC on domestic firm. MNC has a significant impact on
domestic firm of host country and this makes the impact of changes in the constant per

unit cost of rival domestic firm less important or even ineffective.

Zi (i=ah)

NC,C U

ci

Figure 3.2 The effect of changes in constant per unit cost on optimal pollution quota
for MNC case
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Figure 3.3 The effect of changes in constant per unit cost of rival firm on optimal

pollution quotas for MNC case

An increase in the constant per unit cost of MNC will lead an increase in non-
cooperative emission levels in both countries. Since the constant per unit cost means
the higher production cost, MNC will decrease its production. The host country can
benefit from MNC through the consumer surplus and employment effect but these
effects will deteriorate if the MNC’s production falls. Therefore, the government of
country A wants to encourage MNC to produce more by increasing pollution quota
because the negative effect of pollution caused by increased production of MNC will
be small. In addition, the domestic firm in country B competes with MNC so when
there is an increase in the constant per unit cost of MNC and hence there is a relaxation
in the emission standards of country A, this will give a competitive advantages for
MNC and domestic firm in country A. For this reason, the government of country B
will also increase pollution quota to protect its own domestic firm.

zi

NC, U (i=ab)
C(i=a)

C(i=b)

cm

Figure 3.4 The effect of changes in constant per unit cost of MNC on optimal

pollution quotas for MNC case
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In the cooperative case, an increase in the constant per unit cost of MNC increases
the emission quota in country A because of the reasons explained above. On the other
hand, this increase will give a competitive advantage for domestic firm in country B.
Domestic firm in country B will produce more and hence create more pollution. The
negative effect of pollution on welfare will be high so the government will try to reduce

production by tightening cooperative emission policy.

Pollution quotas and gross pollution: An increase in the level of gross pollution
caused by production of domestic firm will increase the negative effect of disutility of
pollution on welfare. Despite the degradation in price and employment level, the
welfare will be better off when the negative effect of pollution disutility decline.
Therefore, to reduce the production and hence the pollution, the governments will

decrease their optimal pollution quotas for three solutions.

zi(i=abh)

NC,C, U

0i

Figure 3.5 The effect of changes in gross pollution on optimal pollution quotas for
MNC case

For non-cooperative case, since the higher gross pollution of domestic firm in
country B causes stricter environmental policy in that country because of the higher
negative effect of the pollution disutility, the country A also will also try to set stricter
environmental policy. This is because the stricter environmental policy in country B
will lead domestic firm to decrease its production. As a result, the firms in host country
will increase their production but this increase in total output will generate more
pollution. Although high production provides profit and employment effect, the
negative effect of pollution on welfare will dominate them so the government of
country A will decrease its emission quota. On the other hand, when the gross pollution

of domestic firm in country A increases, the country B will set less severe pollution
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quota. An increase in the gross pollution will lead to decrease the production of
domestic firm for both local and foreign market so MNC will increase its production
for both markets. Therefore, to protect its domestic firm in the local market, the
country B will allow to emit more pollution. When there is cooperation, this situation
is viable for domestic firm in country B but domestic firm in country A is again
insensitive to the change in gross pollution of rival domestic firm. This is because the
higher impact of MNC dominates the impact of other domestic firm. Finally, if there
Is a uniform emission standard, the countries apply more severe pollution quotas when

the gross pollution of domestic firms increase.

Zi

NC, C (i=b)
C(i=a
U(i=ab)
NC (i = a)
0j G =ab, i#])

Figure 3.6 The effect of changes in gross pollution of rival firm on optimal pollution
quotas for MNC case

For three cases, an increase in the level of gross pollution by MNC increases its
production cost and hence decreases its output. This reduction in production affects
the host country’s welfare adversely because it increases price level and also decreases
the employment level. Therefore, country A will impose less severe environmental
policy to encourage MNC to produce more. When the gross pollution of MNC
increases, the country B will also impose less severe pollution quota because the higher
gross pollution of MNC will causes to increase the cost of MNC and therefore to
increase the production of domestic firm in country A. Since the domestic firm in
country B competes with this firm, the government will raise the level of pollution

guota to encourage domestic production.

o1



Zi (i = a,b)

NC,C, U

om

Figure 3.7 The effect of changes in gross pollution of MNC on optimal pollution

quotas for MNC case

Pollution quotas and abatement cost: As explained in the benchmark model, when
the per unit abatement cost increases, governments will increase their non-cooperative,
cooperative and uniform optimal policy levels since the negative effect of relaxing the

pollution standards will be small comparing to the other positive effects on welfare.

zi (i=ab)

NC,C, U

u

Figure 3.8 The effect of changes in per unit abatement cost on optimal pollution

quotas for MNC case

Pollution quotas and the marginal disutility of pollution: An increase in the
disutility of pollution generated by local production will reduce the optimal non-

cooperative and cooperative pollution levels like in the benchmark model.
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NC,C, U

ol

Figure 3.9 The effect of changes in marginal disutility of pollution generated by

domestic production on optimal pollution quotas for MNC case

Zi (i = a,b)
NC

C,u

02

Figure 3.10 The effect of changes in marginal disutility of pollution generated by

foreign production on optimal pollution quotas for MNC case

On the other hand, an increase in the disutility of pollution generated by foreign
production increases the optimal non-cooperative emission levels and decreases the
optimal cooperative and uniform emission levels because of the reasons explained

before.

3.3.  Conclusion

In the extended model, we analyze environmental policy decisions of two asymmetric
countries with different market conditions. All the features of countries are same with
the benchmark model but we add a multinational company which wants to locate in a

country with more inefficient domestic firms to the model. It is assumed that MNC is
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technologically superior to the domestic firms and the profit of MNC is fully
repatriated to the source country so the host country can benefit from MNC through

the employment effect not the producer surplus.

We find that host country always impose stricter emission policy than other
country. Since the profit of MNC is fully repatriated and the employment created by
MNC is minor because of the efficiency, the most important effect of MNC on the host
country’s welfare is the pollution effect. According to the results, the host country
always has lower emissions level. However this low pollution level does not meet
enough the other losses in welfare caused by consumer surplus and employment.
Although there is still a gain in welfare, this value is under the gain of other country
and the gain in the benchmark model. Since the host country is affected MNC mainly
by way of low pollution, the government focuses on the strict environmental policy in

order to reduce pollution effect on welfare as much as possible.

On the other hand, when there is a MNC in rival country, the other country’s
welfare will be better off compared to the benchmark model and host country. The
main difference between welfare of two countries results from producer surplus and
pollution. Although the negative effect of pollution is high, the production of domestic
firm in that country is also high so the benefit from producer surplus is much more
than the host country. This increase in producer surplus is able to dominate the
negative effects of high pollution. Additionally, domestic production only depends on
local firm so this firm is in an advantageous position and it makes more profit than its
rival in host country does. Therefore, the governments can use the power of policy-
making and limit domestic production to reduce pollution in the country. In this way,
the pressure on welfare caused by pollution can be reduced significant amount while
the local firm can continue to make profit. Briefly, the competitive advantage of

domestic firm allows the government to set more stringent environmental policy.

It is shown that cooperation is always Pareto-improving for the welfare of
countries. When there is cooperation, governments decrease their optimal policy level
because of the negative externalities so the disutility of pollution on welfare will
decrease. The gain from this reduction is quite high compared to the other losses

caused by decreasing production and hence increasing price.
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4. CONCLUSION AND RECOMMENDATIONS

In this thesis, we examine the optimal non-cooperative and cooperative environmental
policies in the case of foreign direct investment and cross border pollution. We develop
a model in which there are two countries and each country has one domestic firm.
Firms produce homogeneous product and it is assumed that there is an intra-industry
trade between the countries so firms serve both domestic and foreign markets.
Pollution occurs during production and there is cross border pollution between two
countries. Both countries have unemployment. Then we extend the model by allowing
the entry of MNC into the country with more inefficient domestic firm. It is assumed
that MNC is technologically superior to the domestic firms in terms of production and
abatement activities also it fully repatriates its profit to the source country. The welfare
of both countries consists of consumer surplus, producer surplus, employment and
disutility of pollution. Countries use environmental policy in order to maximize their
welfare and they can restrict the pollution level that firms are allowed to emit. For two
models, we find that non-cooperative behavior puts always more pressure on welfare
in terms of pollution. Although the other parts of welfare decline with cooperation, the
reduction in the negative effect of pollution is much more than the other losses.
Therefore, cooperative behavior in environmental policy is always Pareto-improving

for the countries.

According to our results, the multinational company can affect the both countries'
environmental policy decisions. When there is a MNC in the market, the host country
always sets more severe environmental policy than the other country. This is because
the host country can benefit from MNC through only the employment effect not the
producer surplus because of the fully repatriation of profit. Therefore, the government
does not worry to lose profit gain from foreign company so it can keep its power of
environmental policy implementation. Since the efficiency of MNC is high, the
employment created by MNC is less than the created by domestic firms. Although the
total pollution of host country is lower than the other country, the government imposes

stricter policy to compensate the losses in welfare by decreasing negative effect of
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pollution. Furthermore, the other country also applies more severe environmental
policy compared to the benchmark model because of the advantageous position of its
domestic firm. Since there is no competition in domestic production, the local firm can
continue to make more profit than its rival does even if the government reduces the
level of pollution quota. Therefore, compared to the benchmark model, the government

has more control power to tighten emission quotas.

It is said that countries may feel pressure to reduce their environmental standards
to attract or keep FDI. However, we show that FDI can also affect the countries’
policies oppositely. In the presence of multinational company, governments may set
stricter environmental policy depending on the different conditions. MNC may reduce
pollution in host country and it may also affect pollution level of rival country by
creating asymmetric competition which increases the government's policy-making
power on domestic firms. The model can be extended by developing different market
structures or determining the location decision of MNC endogenously. In addition,
different assumptions about international trade and transboundary pollution can be

examined in future research.
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APPENDICES

APPENDIX A

The Benchmark Model

Non-cooperative solution
0za" _ dzbN 5u—3¢1
da  da W (=5u+9¢p1—3d2)

0za"  0zbN  6p® —40ud1 + 42417 + 7ud2 — 6p1d2
dca  dcb 2 (4p—5¢p1 — $2). (5 — 91 + 3d2)

0za"  0zbN  —14p® + (2691 — 502) + 12¢1(—d1 + $2)
dcb  dca  2u(4p—5¢p1 — $2).(5u— 91+ 3d2)

0za"  0zbM  40p® — 88udl +42¢1% + 7ud2 — 6412
99a  90b  2.(4pu— 501 — $2).(5u— 9d1 + 3¢2)

0za"  0zbN W (1441 —17¢2) + 1241. (—d1 + ¢2)
90b  90a  2.(4p—5¢1 — $2).(5u— 9p1 + 3d2)

0za"  dzbN 1

opl  adpl  2p (2012 — 61pdl + 45012 + 7ud2 — 6G1d2 — 3¢22)2
— (2.(2042% — 61pd1 + 45012 + 7ud2 — 6¢p1d2 — 3d22). (—13cbp
+ 12cbdp1 — 6¢cbd2 + ca(20p — 421 + 3$2)
+ a. (—=37p + 301 + 3$2) + 44p%0a — 42udp16a + 3udp26a — 7u?6b
+ 12udp16b — 6pd26b) + (—61p + 90dp1 — 6¢2). (—14cbp? + 26¢cbud1
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+ ca. (612 — 40ud1 + 4212 + 7pd2 — 6¢1d2) + 40p30a — 88p2¢h10a
+ 42udp1%0a + 7p?Pp206a — 6uPp1dp20a + 14p%$p16b — 12udp126b
— 17u2¢26b + 12udp1¢26b))
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— 240p3$p220a + 264> P1dp220a — 21p2Pp230a — 280u*$h16b

+ 48013 $p126b — 102u2H136b + 340u*$p26b — 480pu3p1hp26b
—33u2p12h26b — 24u2p1p226b + 51pu%Hp236b)

Cooperative solutions

9zaC

dzbh€

4 —3.(d1 + d2)

da

Ja

T 20 (3. (1 + $2) — 2p)

dza® B dzb® _ 3 (—p+2.(p1+ ¢2))

dca  dcb  4p. (3.(d1 + d2) —2p)

0zaC B 9zb® 3 1

dcb  dca  4.(3.(d1+ $p2) —2p)

0za®  0zb®  8p® — 15 (¢1 + $2) + 6. (1 + $2)?
0a  06b  4.(2u2 — 5. (p1 + $2) + 3. (Pp1 + $2)2)
dza® _ dzb® _ W (b1 + d2)

96b  90a  4.(2p2 — 5. (b1 + $2) + 3. (1 + $2)2)
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dza®  09zbC 1

apL 9l 4w (202 — 5 (P + d2) + 3. (01 + $2)2) (3cbp® — 6ebpd1
+ 3cbdp1? — 6¢cbud2 + 6¢bPp1d2 + 3cb$p2? + 12a(—pu + d1 + $2)?
+ 3ca(—p+ 1 + $p2)%2 — 10u30a + 24p%Pp106a — 15up126a
+ 241226 — 30udp1d26a — 15udh226a — 2136b + 3udh126b
+ 6ud126b + 3ud226b

dza® B dzb® _ 1

962 002 | 4w (212 — 5 (b1 + d2) + 3. (dL + d2)2)
+ 3cbdp1? — 6¢cbudp2 + 6¢bPp1d2 + 3cbdh2? + 12a(—p + d1 + $2)?
+ 3ca(—p+ ¢1 + $2)? — 10p30a + 24p%Pp106a — 15udp1%0a
+ 24p2$p20a — 30udp1dp206a — 15udp226a — 2p3Tb + 3udp126b
+ 6up1d26b + 3udh226b)

(3cbp? — 6¢cbpd1

dza® dzbC 1
on T on  An (i —5p @11 42) +3.(pL+ g2y L ol el - $2°(h
—3(p1 + $2)) + 2a(—p + 1 + $2)%(8p? — 12p(Pp1 + $2)
+9(¢1 + $2)%) + ¥ 2ca(—p + d1 + $2)? — (d1 + $2)(—24u(d1
+ $2)6b + 3(p1 + $2)%(56b — 8a) + 2u%(56b + 8a))))

Uniform solutions

9z%  8u—6.(d1+ $2)
o 4.(3.(p1+ $2) — 2p)

0z 0zY u—3.(p1 + $2)
dca  dcb  4.(3.(d1 + $p2) — 2p)
0zV azY 4pu —3(d1 + $2)

99a  96b 4. .(3.(p1+ $p2) — 21

0zY 0zY _ 3.(4a+ ca+cb—2u.(Ba + 6b))

apl 02 4.(3.(01 + $2) — 2p)2

0zY 1

= T TEG LT 02 = 20 (2cbp? — 12cbud1 + 9cbdp12 — 12cbud2
+ 18cbdp1d2 + 9cbp2? + ca. (2p? — 12 (1 + $2) + 9(p1 + $2)?)
— 20 (8p% — 12u(dp1 + $2) + 9(d1 + $2)?) + 6p%dp16a + 6p%p20a

+ 612$16b + 6p2h26b)
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APPENDIX B

MNC Case

The difference between the profits of MNC:

1

A _
~ (2b (1902 — 90pd1 + 8812 + 14ud2 — 16p1d2 — 8¢22)2)

mm

(—45cmp?

— 23aud1 + 143cmudp1 + 28adp1? — 108cmdp 12 + 11aud2

— 21cmpd2 — 8adp1dp2 + 16cmdp1dp2 — 4ad2? + 12cmdp2? + ca(19u?
— 77udb1 + 68d1% + 15ud2 — 16d1h2 — 4422) + cb(3p? + 1212
+8¢1d2 — 422 — p(15d1 + ¢2)) + 324302 — 97u2P16a

+ 68ud120a + 19p%Pp20a — 16up1dp20a — 4udp2206a — 3u%¢p16b

+ 121 126b — 131226 + 8ud1h26b — 4uh226b — 3236m

+ 123p%$p16m — 108udp126m — 17p2$p26m + 16udp1p26m

+ 12u$p226m)?

B 1

T =20 (1912 — 90ud 1 + 8812 + 14ud2 — 16d1d2 — 8H22)2)

(—45cmM?

— 23aud1 + 143cmpd1 + 28adp1? — 108cmdp1? + 11aud?2
—21cmpd2 — 8adp1dp2 + 16cmdp1dp2 — 4ad2? + 12cmp2? + cb(19p?
— 77ud1 + 68¢p12 + 15ud2 — 16$p1d2 — 4$22) + ca(3p? + 12¢p12
+ 8d1p2 — 422 — u(15¢p1 + $2)) — 3p?Pp106a + 12udp120a

— 13p2¢20a + 8pud1dp20a — 4pd220a + 32u36b — 97u2¢p16b

+ 68udp126b + 19u?$H26b — 16udp1¢p26b — 4pdp226b — 32u36m
+123p2¢p10m — 108udp120m — 17u%$H26m + 16pdp1d26m

+ 12u$h226m)?

mm? — mmB = 0.0014158

Non-cooperative solution

ozaN —38u2% — 8¢1. (7d1 + $2) + . (971 + 152)

da 21 (19p2 — 90ud1 + 8812 + 14ud2 — 16p1d2 — 8¢$h22)
azbN —19p2 — 8d1. (3d1 + $2) + . (531 + 7¢2)

da w(19p2 — 90ud1 + 8812 + 14ud2 — 16p1d2 — 8¢dh22)
ozaN 19p? — 53ud1 + 40$1% + 11pud2 — 8p1dp2

dca  2u. (19p2 — 90ud1 + 8812 + 14ud2 — 16dp1p2 — 84h22)
dzbN 4p? + 8¢p1. (5¢1 — $2) + 3. (=91 + $2)

dcb 1L (1902 — 90pd1 + 8812 + 14pd2 — 16d1d2 — 8¢22)
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ozaN —9p? + 1. (331 — 13¢p2) + 24d1. (—p1 + $2)
dcb 2w (19p2 — 90ud1 + 8812 + 14pud2 — 16¢p1d2 — 8¢$22)
azbN (111 — 5¢2) + 8d1. (—d1 + $2)

dca . (19p2 —90ud1 + 88dp12 + 14ud2 — 16dp1h2 — 8¢$22)
ozaN —55u% + 43udp1 + 4012 + 11pdp2 — 8dp1dh2

dcm 2. (19u2 — 90ud1 + 88h12 + 14udp2 — 16hp1¢p2 — 8¢22)
azbN =222 + 8p1. (—p1 + $p2) + 1w (27¢1 + 11¢2)
dcm . (19p2 — 90ud1 + 88h12 + 14udp2 — 16d1¢p2 — 8¢22)
0zaN 56p% — 101pd1 + 4012 + 11ud2 — 8dp1d2

00a  2.(19p2 —90ud1 + 88b12 + 14pdh2 — 16dh1d2 — 8¢22)
azb™ 19u® — 75udp1 + 4012 + 3ud2 — 8p1¢p2

90b 192 — 90udp1 + 8812 + 14pdh2 — 16p1dh2 — 822
ozaN I (91 — 3702) + 24¢p1. (—d1 + $2)

96b  2.(19u2 — 90ud1 + 8812 + 14ud2 — 16dp1p2 — 8¢$22)
azbN 11u2 + 3udp1 — 8¢p1 — 13udp2 + 8dp1p2

0a  19p2 —90ud1 + 88¢p12 + 14pud2 — 16p1d2 — 8¢h22
dzaN —18u? — 5udp1 + 4012 + 11udp2 — 8p1¢h2

90m  2.(19p2 —90ud1 + 8812 + 14ud2 — 16dp1p2 — 8¢h22)
0zbN  —11p% + 8¢ 1. (=p1 + ¢p2) + . (1941 + 3¢$2)

06m  19p2 —90udp1 + 88dp12 + 14pdp2 — 16p1dh2 — 822
gza" 1

ap1  2p (19u2 — 90udp1 + 8812 + 14ud2 — 16dp1dh2 — 8¢

22)2 (_(19112 - 90“4)1

+ 88¢p1% + 14pudp2 — 16d1dp2 — 8¢p22)(—33cbu — 43cmp + 48cbp1
— 80cmd¢1 — 24cbd2 + 8cmd2 + ca(53pu — 801 + 8d2) + a(—97u
+ 8(14¢1 + ¢2)) + 101u%6a — 80udp10a + 8udp20a — 9ubb + 48udp16b
— 24u$p26b + 5p26m — 80udp16m + 8udp26m) + 2(45u — 88¢1

+ 8$2)(—9cbp? — 55cmp? + 33cbudp1 + 43cmudp1 — 24cbp1?

+ 40cm¢p12 — 13cbudp2 + 11cmpud2 + 24cbdp1dp2 — 8cmdp 12

+ ca(19u? — 53ud1 + 40d12 + 11pdp2 — 8¢p1¢p2) + a(—38p?
—8¢1(7¢p1 + $2) + (971 + 15¢2)) + 56p306a — 101u?Pp16a

+ 40udp120a + 11p%p20a — 8udp1dp20a + 9u?$p16b — 24udp126b

— 37u2¢$26b + 24udp1$p26b — 18u30m — 5p?p16m + 40udp126m

+ 11p%2¢$p26m — 8udp1hp26m))
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dzaN

1

002 2p (1912 — 90pd1 + 88P12 + 14ud2 — 164 1d2 — 8¢22)

dzbN

> (1912 — 901

+ 88¢p1% + 14udp2 — 16d1dp2 — 8¢$p22)(15au + 11cap — 13cbp
+ 11cmp — 8adp1 — 8cadp1 + 24cbdp1 — 8cmdp1 + 11pu%06a — 8MPp10a
— 37u?6b + 24u¢p16b + 11p%26m — 8udp10m) — 2(7u — 8(Pp1
+ $2))(—9cbp? — 55cmp? + 33cbud1 + 43cmpudp1 — 24cbp12
+ 40cm@p12 — 13cbpd2 + 11cmpd2 + 24cbp1dp2 — 8cmp1p2
+ ca(19p? — 53udp1 + 4012 + 11udp2 — 8dp1$p2) + a(—38u
—8¢1(7¢1 + $2) + (971 + 15¢2)) + 56p30a — 101u?Pp16a
+ 40udp1%20a + 11p%dp206a — 8udp1dp20a + 9udp16b — 24Mp126b
—37u%2$26b + 24udp1¢p26b — 18p36m — 5p%p16m + 40udp126m
+ 11p2$26m — 8udp1$p26m))

1

9p1 1 (1902 — 90ud1 + 88P12 + 14ud2 — 1641d2 — 8$22)2 (

dzbN

(192 — 90pd1

+ 88¢h12 + 14udp2 — 16dp1dp2 — 8¢hp22)(—27cbp + 27cmp + 80cbdp1
—16cm¢1 — 8cbdp2 + 8cmd2 + ca(1lp — 161 + 8d2) + a(53p

— 8(6¢d1 + $2)) + 3u?0a — 16udp10a + 8udp206a — 75u%6b + 80ud16b
— 8ud26b + 19u%6m — 16pd16m + 8udh26m) + 2(451 — 881

+ 8¢2)(—22cmp? + 11capd1 + 27cmudp1 — 8cadp1? — 8cmp1?

— 5capd2 + 11cmpd2 + 8cap1d2 + 8cmdp1dp2 + cb(4p? + 8p1(5¢p1

— $2) +3u(—9¢1 + $2)) + a(—19p? — 8d1(3Pp1 + $2) + u(53¢1

+ 7¢:2)) + 11p30a + 3u?¢p16a — 8udp120a — 13p%Pp20a + 8udp1dp26a

+ 19uBb — 75u?$16b + 40udp126b + 3p%$p26b — 8udp1¢p26b — 11pu36m
+ 19u%2¢$p16m — 8udp126m + 3p%p26m + 8udp1h26m))

1

002 1 (1902 — 90pd1 + 8812 + 14ud2 — 1641d2 — 8¢22)

> (1912 — 901

+ 88¢p1% + 14udp2 — 16d1d2 — 8¢$22)(7ap — 5cap + 3cbp + 11cmp
—8ad1 + 8capl — 8cbdp1 + 8cmdp1 — 13u?0a + 8udp16a + 3u?6b

— 8ud16b + 3u20m + 8udh16m) — 2(7p — 8(d1 + b2))(—22cmp?

+ 11capd1 + 27cmud1 — 8cap1? — 8cmdp1? — Scapd2 + 11cmud?2
+ 8cadp1dp2 + 8cmPp1dp2 + cb(4p? + 8p1(5¢p1 — ¢2) + 3u(—9¢1
+$2)) + a(—19% — 8d1(3P1 + ¢2) + u(53d1 + 7¢2)) + 11436a
+ 3u%¢p106a — 8udp120a — 13u%p20a + 8udp1dp20a + 19u36b

— 75u2¢$16b + 40ud126b + 3p2p26b — 8udp1¢p26b — 11p36m

+ 1912 16m — 8udp126m + 32 h26m + 8ucp1dp26m))
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0zaN 1

On  212(190% — 90pd1 + 8812 + 14pd2 — 160 1d2 — 8h22)2
— 90ud1 + 88p1% + 14pd2 — 16d1h2 — 8p22)(—18cby — 110cmp
+ 33cb¢d1 + 43cmdp1 — 13cbd2 + 11cmd2 + ca(38u — 53d1 + 11¢2)
+ a(=76p + 971 + 15¢2) + 168u20a — 202udb10a + 40 126a
+ 221262 — 8p1d26a + 18udp16b — 24d126b — 74ud26b
+ 24$1$p20b — 54p%6m — 10udp10m + 40$126m + 22udp26m
— 8¢ 1dp26m) + u(38u — 901 + 14$2)(=9chp? — 55cmp? + 33chud1
+ 43cmud1 — 24cbdp12 + 40cmp1? — 13cbud2 + 11cmud2
+ 24cbdp1¢p2 — 8cmPp1d2 + ca(19u? — 53udpl + 4012 + 11pd2
— 8¢1d2) + a(=38p2 — 8p1(7dh1 + d2) + p(97d1 + 1542)) + 56p6a
—101p%p10a + 40udp120a + 11p%Pp206a — 8udp1dp26a + 9u?dp16b
— 24u¢p126b — 37u%$p26b + 24pdp1¢p26b — 18u30m — 5p¢p16m
+ 40up126m + 11u2p26m — 8udp1$p20m) + (19u? — 90ud1 + 8812
+ 14udp2 — 1612 — 8¢p22)(—9cbu? — 55cmu? + 33cbudp1
+ 43cmudp1 — 24cbdp12 + 40cmp1? — 13cbud2 + 11cmud2
+ 24cbdp1dp2 — 8cmdp1dp2 + ca(19u? — 53ud1 + 4012 + 11ud2
— 8p1d2) + a(=38p2 — 8b1(7d1 + h2) + u(97d1 + 1542))
+ 56u30a — 101p%¢p10a + 40udp120a + 11u?p26a — 8udp1dh26a
+ 9u?$p16b — 24udp126b — 37p2$p26b + 24udp1$p26b — 18u36m
— 5u%2¢p10m + 40udp126m + 11p%$p26m — 8udp1hp26m))

— (—p(19p?

69



dzbN B 1
O p2(19p% — 90pd1 + 88412 + 14pd2 — 164 1d2 — 8d22)

+ 8812 + 14ud2 — 1612 — 8622)(—44cmp + 11cadl + 27cmep1
—5cadp2 + 11ecmd2 + cb(Bu — 27¢dp1 + 3¢2) + a(—38u + 53Pp1 + 7d2)
+ 33u%0a + 6udp10a — 8¢p120a — 26udp20a + 8¢p1dp206a + 57u%6b
— 150u¢16b + 40¢p126b + 61h26b — 8d1h26b — 33u26m
+ 38udp10m — 8¢p126m + 6udp20m + 8¢p1hp26m) — u(38u — 90¢p1
+ 14¢2)(—22cmp? + 11capd1 + 27cmpdp1 — 8cadp1? — 8cmp1?
— 5capd2 + 11cmpd2 + 8capld2 + 8cmdpld2 + cb(4p + 8¢p1(5¢41
— $2) + 3u(=9d1 + $2)) + a(—19u% — 8d1(3d1 + b2) + u(53d1
+7¢2)) + 11130a + 3u2p16a — 8udp126a — 13u2Hp26a + 8ud1dh26a
+19136b — 7512d16b + 40udh126b + 3u2h26b — Bud1h26b
—11p36m + 19p?$p16m — 8udp126m + 3u?$p26m + 8udp1p26m)
— (1942 — 90pd1 + 8812 + 14ud2 — 16 1d2 — 822 (—22cmp?
+ 11caudpl + 27cmud1 — 8cadp1? — 8cmdp1? — Scapd2 + 11cmpud?2
+8cadpld2 + 8cmdb1d2 + ch(4p? + 8d1(5d1 — d2) + 3u(=9p1
+$2)) + a(=19p% — 81 (31 + $2) + (531 + 7d2)) + 11%6a
+ 3u?¢p10a — 8udp126a — 13p%Pp20a + 8udp1p26a + 19u36b
— 75u?¢p16b + 40udp126b + 3p2$p26b — 8udp1¢p26b — 11u36m
+ 19u2¢p1Tm — 8udp12Tm + 3pp26m + 8udp1$p26m))

5 (M(19p* — 90pd1

Cooperative solutions

0za®  —pu+ol+¢2
da o (2.(dp1+¢2) — )
9zb®  —7p% + 16p. ($p1 + $p2) — 8.(d1 + $2)?

da . (8.(d1 + $2) — 7w). (2.(¢1 + $2) — p)

dza® _ —u+ ol + 2
dca 21 (2.(d1 + d2) — p)

0zb®  —3p+4(p1+ $p2)
dcb  u(8.(d1 + $p2) — 7w

9zb¢ e1+ §p2
dca  (8.(p1+ $2) — 7). (2. (b1 + $2) — 1)

dza® _ n+ ¢l + ¢2
dem 21 (2. (b1 + $2) — p)
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dzbC _ —2u+ pl+ P2
dem  (8.(d1 + d2) — 7). (2. (b1 + $2) — p)

dza® o m2u+ ¢l 492
90a  2.(2.(p1+ $2) — p)

0zb®  7u—4.(¢1 + ¢2)
6b  8.(¢p1+ $p2) — 7n

dzb® w(u+ o1+ ¢2)
90a  (8.(d1+ 2) — 7). (2. (b1 + $2) — p)

dza® _ o1 + P2
90m  2.(2.(d1+ $p2) — )

dzb® _ w(—p+ ¢l + $2)
90m  (8.(d1 + $2) — 7). (2. (b1 + $2) — 1)

0zaC 1
o 2% (u— 2.(d1 + §2))2
+ca (—1® + 2u(dp1 + $2) — 2(dp1 + $2)?)
+cm (U2 + 2udl — 2012 + 2ud2 — 4d1d2 — 2$22)
+ 0a (—3p%dp1 — 3u%d2) + 6m (W2P1 + p2Pp2)
9zb® _ 1
o p2.(7p2 — 221 (p1 + ¢2) + 16. (p1 + $2)2)2
+408p%(p1 + $2)%2 — 352u(dp1 + $2)3 + 128(dp1 + $2)4)
+ cap?(dp1 + $2)(—14p + 22(d1 + $2))
—cb (u—2(¢p1 + $2))° (212 — 56p(d1 + $2) + 32(d1 + $2)?)
+ 2emp (7p% — 7u(d1 + $2) — 5(d1 + $2)%)
+0a (—29pt(p1 + 2) + 3213 (p1 + $2)2 + 16p2(dp1 + $2)3)
+6b (—28p*(d1 + $2) + 11213 (b1 + $2)2 — 112p2(dp1 + $2)3)
+6m (15p% (b1 + $2) — 3213 (p1 + $2)? + 16p%(p1 + $2)3)

2a (02 = 2u(dp1 + $2) + 2(1 + $2)*)

o (49p* — 224p3(¢p1 + $2)

Uniform solutions

0zY 0zY 3u—4(d1 + $2)

dca dcb . (24.(p1+ ¢2) — 13w

0z°  5u+4(dl+ d2)
dem W (24. (1 + $2) — 13p)

0z% 0z  7u—4(d1+ ¢2)
90a 06b  24.(p1+ $2) —13p
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0z0  p+4(dp1+$2)
06m  24.(p1+ $2) —13p

0z% 0zY  4.(=39a+ 5.(ca+ cb) —43cm + 29u. (Ba + 6b) — 1911.6m)

obl  0Pp2 (24. (b1 + $p2) — 13p)2

027 _ ! 1692 — 312u(p1 + $2) + 288(p1 + $2)32

+ca (=392 + 104u(d1 + b2) — 96(b1 + 2)2)

— cb (3912 — 104p(d1 + d2) + 96(d1 + b2)2)

+ cm (65p2 + 104p(d1 + $2) — 96(p1 + p2)?)

+0a (116121 — 116p22) + 6b (—116p2d1 — 11612dh2)
+ 760mu2(p1 + $2)
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