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1. Introduction

In debates on the European Single Market and NAFTA samaeonmentalistsaisedthe
concern thafree trademight damagethe environment.They arguedthat firms would locate
their polluting plants in countries with weak environmental polige#ing their productson
the international market. Therefore, competition could doétereengovernments, byneans
of a strategic choice of environmental policy, to get polluting firms to lonateeir countries
becauseof the positive incomesthat this would generate.e. g., the wage incomes of
workers.But, on the other hand, as pollution damageghe environmenteachgovernment

wants firms to locate in other countries and pollute there.

Given the aboveargumentsthe purpose othis paperis to study how the existenceof
wage incomesinfluencesthe choice of environmentalpolicy by governmentswhen the
location of polluting firms is endogenouslt must be notedthat, in developedcountries,

workers are unionized and thus wages are the result of negotiation between firms and uniol

The effect that the environmental policy fixed by governments has amdieeof firms’
locationwas analyzedfirst by Markusenet al. (1993), Motta and Thisse (1994) and Ulph
(1994a). Thesestudiesdo not consider any strategic interaction between governments
becausethey assumethat the environmentalpolicy of a governmentis given or that
environmentaltargets are exogenous.Strategic interaction between governmentsis an

important question and, thus, subsequent papers focused on it.

Rauscher (1995Markusenet al. (1995), Markusen(1997), Ulph and Valentini (1997)
and Hoel (1997) assume that environmental policy is an endogenous variable artidetéus,
is strategicinteraction betweengovernments.These studies consider taxes as the only
environmental policy tool. The taxes chosen by governments affect not only to the lotation

firms but also environmentabdlamagen their countries.Therefore,when eachgovernment



chooses its environmental policy a trade off is present. On the one hand, when firmis locate
a country with a strict environmentalpolicy they are less competitive in the international
marketbecauseheir marginalproductioncostsincrease Therefore firms might locatenew
plants incountrieswith a lax environmentapolicy, which would decreasesocialwelfarein
countries with a strict policy. Otine otherhand,whena governmenthoosesa strict policy

that protects the environment by reducing the pollution level, this improves its social welfare

The aforementionedpapersmeasuresocial welfare in each country as the sum of
consumer surplus, firms’ profits, quality of teavironmentandtax incomes. Nevertheless,
in debatesabout environmentalpolicy it is arguedthat social welfare is also affected by
employment.Hoel (1997) and Markusen (1997) argue that the choice of environmental
policy by a governmentffectsthe locationof firms and, thus, the employmentlevel in its
country. However, they do not consider that the workers of those diotag positive wage
incomes. In developed countries labor is usuatiionized,andthus wagesre the result of
negotiation between firms and unioi$erefore whenlaboris unionizedthereare positive

wage incomes and governments haneentivesto choosea lax policy to getfirms to locate

in their countries,sincethe welfare level in eachcountry dependson such incomes.We

shall analyze this question in this paper.

The aforementionedstudies considerthat the policy tools that governmentsuse are

environmental taxes. However, in practieayironmentaktandardsare the policy tools that

governmentsuse to control pollution2 Indeed,Ulph (1992) shows that, in a theoretical
frameworkof strategicinternationaltrade,governmentgrefer to use standardsatherthan
taxesas their environmentalpolicy tool. Therefore,we shall considerthat governments

choose environmental standards to control environmental damage.

Empirical evidenceshowsthat governmenenvironmentapolicy influencesthe decision

of firms as to where to locate. Thus, Rowland and Feiock (1991) point out that



environmentalregulationsaffect firms’ location decisionsin the chemicalindustry in the
United States. Hettiget al (1992), Luca®t al (1992)andLow and Yeats(1992) conclude
that there has been a long-tempwardtrendin industrialemissiongor mostcountries,and
that this upwardrendis higherin lower incomecountries.This resultis consistentwith an

industrial displacementeffect on dirtier industries resulting from stricter environmental

regulations in industrialized countries since 1870.

An exampleillustrating this questionis given by the case of the French chemical
multinational EIf Atochem. This firm moved one of its production plants from Lyon to Spain,
due to the more lax Spanish environmental policy. Greenpeace argued that thevedits
productionplant due to the pressure ofFrenchpublic opinion. The Spanishgovernment,
given its lower valuation of the environment, permitted the firm to locate @oitstry dueto

the positive effects on the employment lew#|Correo Espafigl7-10-93).

The aboveexampleillustratesthe questionthat we want to analyzein this paper.Thus,
we considera single marketmadeup of two countries and ongolluting firm that hasto
decide its location. The firm producagood whoseproductiveprocesspollutesonly in the
country in which the firm locates.We considerthat workers are unionized, so there are
positive wage incomesin the country in which the firm locates.The existenceof these
incomes givegachgovernment strongerincentiveto competefor the firm. We show that
each government can choose strategigtalgnvironmentaktandardo get thefirm to locate
in its country evenif this damageshe environmentIn this way, the country in which the
firm locatesobtainsthe wageincomespaid by the firm. In the absenceof competitionby

governments, they could choose a stricter standard.

To show the relevanaaf consideringpositive wageincomeswe comparethis casewith

that inwhich thereare no wageincomes.We obtainthat, in equilibrium, the environmental



standardchosenby governmentsandthusthe pollution level andthe location of the firm,

differ depending on whether there are wage incomes or not.

The paper is organized as follows. Secttopresentdhe model. Section3 studiesthe
case in which therare wageincomes.Section4 analyzeghe casein which therearenone.

Section 5 compares the two cases, and finally, conclusions are drawn in section 6.

2. Model

We considera single marketcomprisingtwo countries A andB, and onefirm that hasto
decide in which of these two countries to locate. The firm produces andumsskproductive
process pollutes, argklisit in the single market. Thereare no transportatiorcosts,andno

possibility of discriminating between consumers from different countries.

In countryi, the inverse demand function for the product is:

p=a - 2qj, i, k=A, B, (1)

wherep is the price in force in the single market for the produid,a positiveparameteand

Qik is the amount of the product consumed in countvigen the firm idocatedin countryk.

The single market inverse demand function for the product is then:

p:a - yk’ k:A’ a (2)

wherey, is the total output produced biye firm whenit is locatedin countryk. Therefore,

Y& Aakt Ypie



Consumers from both countries daumy the productindependentlyof the locationof the
firm. Therefore whenthe firm is locatedin countryk, the consumersurplusin countryi,

denoted byCSy, is:

CSk = (ai)® i, k=A, B. (3)

The only factor usedin the productionprocess idabor. Whenthe firm is locatedin
countryk it contractd i workers with a uniform wage ratg. The wage incomes icountry

k arethus Rk(wk, Lk)= wk Lk; in the other countrythe wageincomespaid by the firm are

zero# All workers are unionizedand there is no labor mobility betweencountries.The

technology used by the firm exhibits constant returns to scale sucipthaty, k=A, B.

We considera variantof the “right-to-manage”’model of Nickell and Andrews (1983),
where the employer and the union bargain over the wage while employreetiiridaterally
by the firm. The union and the firm are both risk neutral and there is no unceff@atyrm

aims to maximize its profit while the union aims to maximize wage incomes.

Each government has the environmental standard (emission quantity) per unit oasutput
a decisionvariable.lt is assumedhat the governmenimay implementa maximum level of
pollution which can be achievedthrough domesticenvironmentalpolicies. When the firm

locatesin countryk it hasto take into accountthe standardsetin this country, e, which

affects its cost function. When the governmsetisa strict standarda low e,), the firm has

to use a production technology with a high variable ed$tis effect is shown in theariable

cost function of the firm:

Cry=ciyi= (1 +wy - 8Jyi, 6>0, k=A, B. (4)



The marginalproductioncost, c,, dependositively on the wagesetin the country k,
Wy, and negativelyn the domesticenvironmentaktandardgy. The firm takesan optimum

decision on how much to pollute. This is precisely the maximum level of pollution perfunit
outputthat the governmenbf the country k permits, becausehe greaterthe pollution the

smaller the marginal cost.

We consider thaénvironmentatamages local$ We usea quadraticfunctional form to
measure the environmental damage generated in cddpoted byDy, by the productive

process when the firm locatesthis country;thereis no environmentadamagen the other

country?

Dy = % Vi€, k=A,B. (5)

The social welfare function consideredby governmentof country i comprisesthe

workers’ incomes and the consumer surphisus the environmentadamagecausedoy the

production process:
Wik(ew) = CSk - gDk + Rq i, k=A, B, (6)

whereDy andR,are positive ik=i, and arezeroif k#i. The positive parameteg, measures

the valuation of thenvironmentby the government: it canbe interpretedaswillingnessto

pay to decrease environmental damage in one unit.



To analyze the choice of environmental policy wkiegreare positive wageincomesand
the firm’s location is endogenous, \weoposea four stagegamewith the following timing.
First, the two governmentsdecide their environmental standardssimultaneouslyand
independently; thexan commit themselvedo thesepolicy variables,which are common
knowledge.In the secondstage,the firm choosests location and a technologyto comply
with the environmental policyn the third stage,the firm bargainswageswith its workers.
Finally, the firm takes its productiattecision.The equilibrium conceptused isthe subgame

perfect equilibrium solved by backward induction.

3. Results

In the fourth stagethe firm chooseghe outputlevel that maximizesits profit given the
environmental standard and the wages set in colkntiyerefore, when the firm is located in

countryk it will produce:

a—-1-wteyg
Yk :|_k= f’ k=A, B. (7)

Output level decreases with wages since it increaseadhginalproductioncost. Output

level increaseswith the standardsince a higher level of e, implies a more polluting

technology and, thus, a lower marginal production cost.

Using (7) itis easy to see tithe firm’s profit, 73, the outputsoldin eachcountry, g;y,

the wage incomes obtained by the workertheffirm, Ry, the consumeisurplusin country
I, CSk, and the environmental dama@g, as a functiorof the wageandthe environmental

standard are, respectively:



a—1-Wcre)? a-1-wete _ W(a—1-wcte)

(8)

a-1 —vvk+ek)2 _ (ek(a_ 1 -wictey)
—a ) B 4
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whereFy is the fixed cost of locating the firm in counky

In the third stage,given gy, the firm bargainswvageswith the union. The result of this

negotiation is given by:

wi (g)=argmax (g - d) R, k=A, B, (9)

Wik
wherethe wageincomesandthe profit of the firm aregiven by (8). By d, we denotethe
disagreemenpayoff of the firm: d,=-F; whenthe firm doesnot produceit losesthe fixed

cost. The disagreemenpayoff of the union is zero given that there is “one to one”

bargaining. Solving the first order conditions of problem (9) we obtain the equilibvage,

W= k=A, B. (10)

Expression(10) shows that the higher the environmentalstandardchosen by the
governmenk, the higherthe wagesthatthe firm will pay. This is becausehe higher the
standardthe lower the marginalproductioncostof the firm (c,) and, thus, the higher the
output level and the profit of the firm. As a result, the unlemandsa greaterwageandthe

firm can pay it.



Using (10) wegetthatthe profit of the firm, its output level, the wage incomesof its
workers, the consumeisurplusandthe environmentaldamagewhen the firm is locatedin

countryk (k=A, B) are, respectively:

. 9(a—1+ek)2 « 3S@a-1l+ey) . 3(a—1+ek)2
e T R T

(11)

cq - Na-Trey’ . 9 (a—1+ey)’
Sk= 256 ' K~ 256 :

Hereafter, we shall denote the governmeoy k (k=A, B). To simplify the analysiswe
assumehat the governmenf eachcountry canchooseeither a strict environmentalpolicy

(e =0) to achieve a low pollution levedr a lax onedy =€) to permit a higher pollution level.

In the second stage of the game, giggandF, the firm hasto decideits location. We

assumewithout loss of generality,that FAo=0 and Fg=F, whereF is a positive parameter

Thus, the fixed cost of locating the firm in counBys higher than for countr: Fg-Fa=F.

We can distinguish three cases. First, wBereg, given that both governmentshoose
the same policy, the marginal production cost is the same in both courpries, therefore,
asFp <Fg, thefirm will locatein countryA. Secondwhene, =e andeg=0, given that A
allows a higher pollution level thd) we havethat cy<cg; asF, <Fg the firm will locatein
countryA. Thirdly, whene, =0 andeg=e, there is a trade off: the marginal production cost is

lower in countryB (cp >Cg Sincees<eg) but the fixed costis higher (F5 <Fg). As aresult,
the firm will locate in country if and only ifF<F,. By F, we denotethe value of the fixed

cost such that, given these environmental policies, the firm obtains theezfihen the two

10



countries; that isf, = % 10 WhenFsF, the firm will locatein countryB since

its smaller marginal production cost offsets its greater fixed cost.

In the first stage, each government chooses the environmental stdradanelximizesits
social welfare. Therefore, when the firm locatesountryk, the socialwelfare obtainedby

the government of countryis:
Wik(e) = CSi - gD + R, i, k=A, B, (12)

WhereDk* ande*are positive ik=i, andare zero ik#i, and Wheref;Sk*, Dk* and Rk* are

given by (11). We assume thgat< % =g (i=A, B), to assurethat socialwelfareis always

positive. Let as denote MﬁAeB (i, k=A, B)the social welfare of governmenivhenthe firm
locates in countrk, given thatA chooses environmental standardandB choosesstandard

eg.

In this stage, given that we considertwo countries,the following casesarise: both

governments chooses the strict standetdeg=0) or the laxone (ex=eg= €); A chooseghe
lax standard(e,= e) whereasB chooseshe strict one (eg=0); and, A choosesthe strict

standard€,=0) andB the lax onedz=¢).
Thefirst caseis that in which both countrieschoosethe samestandard:the strict one

(ea=eg=0) or the lax onge,=eg=€). As we have seen, in this case the firm locatesuntry

A. Therefore, the social welfare in countrieandB is given by the following expressions:

11



wRg = 3¥a-1)° 33(61 1) W= 9(8;561)’

3(a—1+e)* (11 - F%gy) 9@ —1+e)?
Wak= 256 VEA= o5

The secondcaseis thatin which A chooseghe laxstandarde,=e) and B chooseshe

strict one(eg=0). In this case the firm locatesin country A; therefore the socialwelfarein

countriesA andB is W& = WSA and WSS = WEA.

The third caseis thatin which A chooseghe strict standard(e,=0) and B the laxone

(eg=e). WhenF=<F, the firm will locatein countryB, andthe socialwelfarein countriesA

3(a-1+ e)2 (11- 3929,3)

andB is: W8 = WSS, 5= S5

. WhenF>F 4 the firm will locatein

countryA and the social welfare in each country\ga = W33 and W& =

To simplify the exposition ofhe results,we will show first the equilibrium of the game

assuminghat F>F ,, the casein which the firm locatesin country A independentlyof the

environmentalstandardschosenby the governments.Secondly,we will solve the game

assuming thaEs<F, the case in which the firm can locate in either country.

3.1. The choice of the environmental standard on the grounds of efficiency

In this section we assume that the fixed cost of setting up the firm in c&®ustgreateithan

Fo- Therefore, théirm will locatein country A independentlyof the environmentapolicies

chosen by the governments.

12
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enotethe level of g, suchthat Wﬁis = ngs, (eg=0, e), the

parameterg, measureghe valuationof the environmentby A. Comparingsocial welfare

levels in each country in these cases, we obtain the following result.

Proposition 1. When F>F,, in equilibrium, the firm locatesin country A. GovernmenA

chooseghe lax standardif its valuation of the environmentis low enough(ga<gj). If its
valuation of the environmentis high enough(ga=g;) governmentA choosesthe strict

standard. Government B is indifferent to the two standards.

This proposition shows that A choosesthe environmentalstandardon grounds of
efficiency. As F>F, firm locates in country A independently of the governments’
environmentalpolicies becauselocation in country B is too expensive.B is indifferent
between the lax and the strict standard, since nesfhiiie two standardsanget thefirm to

locate in its country.

The standard chosen Bydoes not affect the location of the firm. It affettts wagepaid
by the firm and its marginal cost and, therefé(s,socialwelfare. The lax standardmplies
a higher wage but a lower marginal cost than the strict standard.Thus, the first policy
generates higher consumer surplus and wage incomes. However, thispoega greater

environmentaldamage.When A’s valuation of the environmentis low (ga<g;) it is a

dominant strategy foh to choose the lax standard, because the greater consumer antplus

wage incomes offset the greater environmental damage>di the result is reversed.

13



3.2. Strategic interaction between governments

In this section we assume tl&atF; i. e., thefixed costof locatingthe firm in countryB is

low. Therefore, depending on the governments’ standardfrtheould decideto locatein

countryB.
Let ¢ =_8_  denote the level of g such that wWR&=w§S and
27 3e2 A AB=WAA
11 (@a—1+€)’>-3@— 1)
93 = ( 3eg(a_)1 +((e)2 Y denotethe level of gg suchthat wlR=wgg. Comparingthe

social welfare levels obtained in the cases analyzed above videadify the following three

zones.Zonel groupsthe valuesof g, andgg suchthatg,< go whenggs< g3 and ga< 01
whengg>gs. Zonell is formedby the valuesof g, andgg suchthatg;< g, and gz< gg.
Finally, zonelll groups the values @f, andgg such thaig,< g, andgg< g3.11 Thesethree

zones are shown in figurewhich illustrates the following result.

Proposition 2. WhenF<F, in equilibrium, in zone | the firm locates in counfy whose

government chooses the lax standard. In zone 1l both governomusethe strict standard
and the firm locatesin country A. Finally, in zone Il the firm locatesin country B,

government A chooses the strict standamd government B the lax one.

[INSERT FIGURE }

As figure 1 shows, in zorle the firm locates in counti, sinceits governmenthooses
the lax standardlhis standardmplies a higherwageanda lower marginalproductioncost
than the strict one. As a result, the lax standardgenerateshigher consumersurplus and

workers’ incomes than the strict one. But, onaltiger hand, the laxstandardcausegreater

14



damageo the environmentlIn this zone,A prefersthe lax standard.Therefore,evenif B
chooses théax standardoo, asthe costof locatingthe firm in this countryis positive,the

firm will always locate in countnA.

In zonel, wheng,<g; there is ncstrategicinteractionbetweernthe governmentsAs A’s

dominant strategy is to choose the lax standard, the firm will never locate in d®Lithen

01<0,50, there is strategic interaction between the governments. In this case, givggnithat

high enoughA would prefer the strict policyNeverthelessif A sete,=0, B would choose
es=€, given thabg is low, and thus the firm would locate éountry B. Therefore A would

choose the lax standard to avoid the firm’s locating in co@ntiry this way, the firm locates
in country A, generatingpositive wage incomesin this country. As A choosesthe lax
standard, these incomes are high sincesthalibrium outputlevel increasesvith standards.
The problemis thatit implies that the environmentablamages the highestpossiblein this

country.

In zonell, in equilibrium, both governments choose the strict standard. Bititisazwore

expensiveo locatethe firm in country B, the firm will alwayslocatein country A. In this

zone, wherg,<g,<go there aregwo equilibria: in one of themboth governmentshoosethe

strict standard, and in the other both choose the lax one. Howewithifirst equilibrium

Pareto dominates the second oné #hooses,=0 the firm locatesin its countrysince,as
ggis high enougtfgs< gg), B will never choose the lax standafthus, asin both equilibria

the firm alwayslocatesin countryA, its governmenthooses,=0 sincethe strict standard

generates higher sociaklfare. Inthis zone, A getsthe firm to locatein its country, which
implies that there are wage incomesin this country (althoughthey are low), and this is

obtainedwith the lowest environmentaldamagepossible.However, in zonel, when g;<

0aS0p, A has to choose the lax standard to avoid the firm’s locating in the other country.

15



In zonell, wheng,>g,, there is only one equilibrium: both governments choose the strict
standard becausethe valuation of the environmentby both governmentsis high. If B
chooseshe laxstandardvhen A chooseshe strict one, the firm will locate and pollute in
countryB. Thus, although by choosirje laxstandardhe consumersurplusis higherand
the wage incomesare positive, the valuation of the environmentaldamagehas a stronger
weight. ThenB would choosethe strict standardsincein this way the firm locatesin the

other country, polluting there.

In zonelll, thoughB has the disadvantage @higherfixed costthanA, its valuationof
the environment is lower. In this zoW€s dominant strategy is to choose #tict standard.

ThereforeB will choose thdax oneto get thefirm to locatein its country,andthus obtain
the wageincomes,althoughthe environmentis damaged Given that F<F, the firm will

locate in countr\B. As a resultalthoughits fixed costis higher,whenA'’s valuationof the

environment is high enougg{>g-) the firm locatesn countryB, generatingoositive wage

incomes in this country, but at the cost of the highest environmental damage possible.

The literature on the choice of environmentalpolicy, whenthe location of firms is
endogenousdoes not consider that there are positive wage incomes. To show the
significance of this assumptiowe shall comparethe casein which thereare positive wage

incomes with the case in whithereareno such incomeslhe first casehasbeenanalyzed

in the foregoing section. We shall consider the second case below.

4. The choice of environmental standards when there are no wage incomes

In this sectionwe assumehat the wageis zeroto focus onthe casein which thereare no
wage incomes.We proposea three stagegame. Inthe first stage,the two governments

decidetheir environmentaktandardsimultaneoushandindependentlyln the secondstage,

16



given the standardchosenby eachgovernmentthe firm decideson its location and on a
technologyto comply with the environmentaktandardFinally, in the third stage,the firm

takes its production decision.

In the last stage the firm chooses the output level that maximizaeiis Whenthe firm
locates in countr¥, in equilibrium, the firm’sprofit andthe outputsold in eachcountryare

given by (8), assuming the4=0.

In the second stage, the firm decidtlsdocation. As we sawin section3, whenthe two
governments choose the sastendardor whenA chooseghe laxstandardandB the strict

one, the firmalwayslocatesin countryA. The firm locatesin country B only whene, =0,
eg=e andFsF; whereF is the valueof the fixed costsuch thatgiven thesestandardsthe

, . . : +2a—-2
firm obtains the same profit in the two countries; tbaf; = %. WhenF>F the

firm locates in countnA.

In the first stage each government chooses the statigdrmaximizesits socialwelfare.
If the firm locates in countr, the socialwelfare function consideredy the governmenbf

countryi is given by (6) assuming thaj=0. We assume thgf < é =40, i=A, B, to assure

that socialwelfareis alwayspositive. Therearetwo countries andwo standardsthus, the

following cases arise.

The first case is that in whidboth governmentchoosethe samestandardthe strict one

(ea=eg=0) or the laxone (ea=eg=e). In this case,the firm locatesin country A, and the

social welfare in countrie& andB is given by:

12 (a—1+e)(1-€eg —1+e)?
wgR=wi= oIk wgg- BTOETE g el
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The second case is that in whiglechooses théax standardand B chooseghe strict one

(ea=e, 63=0). In this case the firm locates in counfyand the social welfan@ countriesA

andB is Was = WEA and WES = WSA.

The last caseis that in which A choosesthe strict standardand B the laxone (ey=0,

eg=e). If F>F, thefirm locatesin country A andthe socialwelfarein countriesA andB is

\/\/,82: WRR and V\giz WSR. If F<F4 the firm locates in count$ and thesocialwelfarein

a—1+e)(1-¢€
each country isWag = WER , Wo&= ( )1((3 gB).

Next we solve the first stage of the game wheFR 4. In this case,the firm will locatein

country A independently of the standards chosen by the two governments.Let

_2(a-1)+e

a1 +6)2 denotethe level of g suchthat WER = WiR (eg=0, e). Comparingthe

U4

social welfare levels in each country in the above cases, we obtain the following result.

Proposition 3. WhenF>F; and there are no wage incomes,in equilibrium, the firm
locates in country A. Wherng 94 (9a= 94) government A chooséise lax(strict) standard.

Government B is indifferent to the two standards.

This proposition shows that, in this case,there is no strategic interaction between

governments. AE>F; thefirm locatesin country A independentlyof the standardshosen

by the two governments sindeis too expensiveto locatethe firm in countryB. WhenA'’s

valuation of the environment is lofg,<g,) it is adominantstrategyfor A to choosethe lax

standard.The reasonis thatthe greaterconsumeisurplusoffsets the greaterenvironmental

damage. 195> g4 the result is reversed.

18



Next we solvethe first stageof the gamewhenF<F,. It is easyto seethatin this case

\/\/82: Wé)% for gg=04 andV\/AO‘E; >Wza. Comparing thesocial welfarelevelsin the different

casesanalyzedwe canidentify the following four zones.Zonel” groupsthe valuesof gu
andgg such thaig,<g, andgg=>g,4. Zonell” is formedby the valuesof g; suchthatg;>g,,
i=A, B. Zonelll" groups the values @ such that,>g,, i=A, B. Finally zondV" is formed
by the value®f g, andgg suchthatg,>g, andgg<g,. Thesefour zonesareshownin the

figure 2 which illustrates the following result.

Proposition 4. WhenF<F; and there are navageincomes,in equilibrium,in zone |"the

firm locatesin countryA, ey=e and ez=0. In zone II"both governmentshoosee,= ;=0
and the firm locates in country A. In zone thereare two equilibria. In one of theme,=e,
e;=0 and the firm locatesin country A; in the other e,=0, eg=e and the firm locatesin

country B. Finally, in zone IV the firm locates in country B;0eand g=e.

[INSERT FIGURE ?

In zonel”, thefirm alwayslocatesin country A, sinceits governmentchoosesthe lax
standardThis standardyenerates lower marginalproductioncostand a higher consumer
surplus than the strict one. But, on the other hand, the lax standardcausesgreater
environmentaldamagethan the strict one. Given that in this zone A’'s valuation of the
environments low enough,A prefersthe lax standardsincethe consumersurplushas a

higher weight than the environmentiEmagen its social welfare function. However,asgg

is high enough,B prefersthe strict standardto avoid the firm’s locating in its country.
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Therefore,in this zone, the governmentthat has a greatervaluation of the environment

chooses the strict standard.

In zonell”, in equilibrium, both governmentschoosethe strict standardto protectthe
environmentsince their valuation of environmentaldamageis high. In this zone, both
governmentsvant the firm to locatein the other country. But, as it is more expensiveto

locate the firm in countri, the firm will always locate in countr.

In zonelll” therearetwo equilibria. In oneof theme,=e, ;=0 andthe firm locatesin
countryA; in the othee,=0, eg=e and the firm locates in countB; To explain the results of

this zoneit mustto be notedthat thereare no wageincomesandthus eachgovernmentas
lower incentives to get the firm to locate in its country. Therefore, if one govercimaenses

the laxstandardthe otheronewill choosethe strict standardsinceit assureghat the firm
locatesand pollutes in the other country and the highest possible consumersurplus is
obtained in both countries. If og@vernmenthooseghe strict standardthe other one will
choosethe laxone. The reasonis that as both governmentshave a low valuation of the
environment,they would prefer to get the highest consumersurplus even though the
environmental damage is the highest possible. Obviously each government preferstthe firm

pollute in the other country.

In zonelV’, A has a high valuation of the environment &nths alow one. In this zone
A’s dominantstrategyis to choosethe strict standard.Therefore,B will choosethe lax

standardo get thefirm to locatein its country althoughit damagests environment.Given

thate,=0, eg =e andFsF4 the firm will locate in country.
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5. Comparison of results

In this section we shall compare the case in which there are wage incomes with the case

which thereareno suchincomeswhenF<F, (seeFigure 3). This is the mostrelevantcase

because, whersocial welfare is positive in both countries,there is strategicinteraction

between governments when they choose their environmental standards.

[INSERT FIGURE 3

In figure 3 we can differentiate two main aréaJhe first one is madep of zonesl, 2,
3 and4 while the secondoneis madeup of zones5, 6, and 7. We analyzethe first area

below.

In zone 1, the firm locates in both cases in coulfyhose governmerthooseshe lax
standard. When there are wage incorAés dominant strategig to choosethe laxstandard
to getsuch incomesgiven thatits valuationof the environmentis low. Whenthere are no
wage incomes each government wants the firm to locate in thecotinetry. B enssureshis

by choosing the strict standard. As a reulthooses the lax standard.

In zone 2A chooses the lax standard when therensageincomes,which enssureghat
the firm locates in its country and it obtains those incomes. When there are nim@zges,
eachgovernmentwantsthe firm to locatein the other country, if this one chooseshe lax
standard(which assureghat consumersurplusis the highestpossible).As a result, one
government will choose the lax standard andatherthe strict one, andthe firm will locate

in the first country.
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In zone 3whenthereareno wageincomes,A (B) chooseghe strict (lax) standardand
the firm locatesin country B. When there are wage incomes,A chooseshe lax standard
since the environmental damage generated by the firm is offset by the posigjeagcomes;
asaresult, the firm locatesin country A. Whenthereare no wageincomes,A chooseshe
strict standard to avoid the firm’s locating in its countryB&svaluation ofthe environment

is lower thamA’s, B chooses the lax standard and the firm locates in its country.

In zone 4the firm locates in countr but the standard chosen Aylepends orvhether
there are wage incomes or ndhenthereare no wageincomes,both governmentchoose
the strict standard. When there are wage incoAebpooseghe laxstandardo get thefirm

to locate in its country because these incomes offset the environmental damage.

Next we analyze the second area. When there are no wage inmotibs government’s
valuationof the environments higherthang, the governmentdoesnot permit thefirm to
locate in its country, since its social welfare would be negative. @imnn the government’s
valuation of the environment is lower thancould the firm locatein its country. Therefore,
in zone 5 the firm locates in county in zone 7 the firntocatesin country B andin zone6

the firm is not allowed to locate eithercountry.In zones5 and7 the governmentshoose

the standard on grounds of efficiency. Thas,wehaveseenin section4, if g>94 (9<04 )

the governments choose the strict (lax) standard.

When there are wage incom@s zonesb, 6 and7, the firm canlocatein eithercountry
sincethe socialwelfareis positivein both. Therefore,in thesezonesthe resultsmay differ

from thoseobtainedwhenthereareno wage incomes.When there are wage incomesand

0a<0;, the firm locates in countr, whose government chooses the standard on grafnds

efficiency. Whenthereare wageincomesandga>g,, thereis strategicinteractionbetween

the governments; in this case, there are two possibilities: each government tries to get the fi
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to locate in its country and each governmtees to avoid it. Thus, the main differencewith
the casein which thereare no wageincomesis that now there can be strategicinteraction
betweenthe two governmentsywhich canalter the standardschosenin equilibrium by the

governments and the location of the firm.

6. Conclusions

The papersanalyzing governments’choice of environmentalpolicy when a firm’s
locationis endogenousneasurehe social welfare of eachcountryasthe sum of consumer
surplus,firms’ profit, quality of the environmentand tax incomes.However, they do not
consider that firms’ workersbtain positive wageincomes. Indevelopedcountries laboris
usually unionized,andthusthere are positive wage incomes.Therefore,eachgovernment
has incentives to choose a lax standard tdiges to locatein its country, sincethe welfare

level in each country depends on such incomes.

These studies consider, generally, that the policy tools that governmentsuse are
environmental taxes. However, in practice, environmental standards are theiquiaysed
to control pollution. Therefore we haveconsidereda simple model in which governments
choose environmentatandardsWe assumehat workersare unionized,andthusthereare
positive wage incomesin the country in which the firm locates. We show that each
government can strategically choose its environmental standged toefirm to locatein its
country evenif it damageghe environment.In this way, the country in which the firm
locates obtains the wage incomespaid by the firm. In the absenceof competition by

governments, they could choose a stricter standard.
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Notes

* Financialsupportfrom DGES (PB97-0603)and UPV (035.321-HB159/98)s gratefully
acknowledged.

1. Insteadof consideringunionizedlabor, we could assumehat the polluting firm acquires
inputsthrougha bilateralmonopolyrelationwith a supplier;the supplierfirm is owned by
investors from the country in which the polluting firm locates. As HordWolinski (1988)
point out, some industrial inputs are acquired not in conventional mabketstherthrough
relationsbetweensuppliersand buyers. This would be the casewhen the productof the
supplier is an intermediate good that the polluting firm uses.

2. Cairncross(1995, p. 59) arguesthat “regulationsis by far the most commontool of
environmental policy”.

3. It is well known that environmentategulationhasan importanteffect in the location of
new productive plants in the United Statiesleed,thereis evidencethatthe 1970 Cleanair
Act and the 1977 Clean Water Act Amendments were designpdrtiyto limit the ability of
statesto competefor businesseshrough lax enforcementof environmental standards
(Portney,1990). Jaffe et al. (1995) show that, althoughnew environmentalregulationsin
manufacturingndustryin the United Statewill havea low effecton the firms’ relocation,
their effect will be stronger in firms’ decisions as regards establishing new plants.

4. An alternativeinterpretationof the utility function of workerswould be in termsof the
union being utilitarian with risk neutralmembersand no alternativeincome (see Oswald,
1985)

5. For example, Golombek and Raknerud(1997) point out that in Norway firms are
regulated by annual emission quantities and/or by maximum concentration (emission
guantitiesper unit of volume). Similarly, the EuropearParliamenthasapproveda law that
compelscarsmanufacturerso pay the costof recycling carsat the end of their usefullives
(El Pais 4-2-2000). This means that firms have a pollution abatement cost per omipaf.
This cost includesany R&D expensesassociatedwith the use of a less contaminating
technology,as well as the direct cost of emissionreduction(see Carraroand Siniscalco,

1992).
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6. If environmental damage were global, each government would compete stoogeiyhe
firm to locate in its country since each country is polluted independently twfcdigon of the
firm.

7. This type of damagefunction is commonly usedin literature and assumesthat the
environmentadamages a convexfunction of the total pollution level. See,for example,
Falk and Mendelsohn(1993), van der Ploegand Zeeuw (1992) and Ulph (1994b). This
damageis exogenousfor consumersihey do not take into accountthe effect of their
consumption decisions on the environment.

8. We consider that a third counis/the owner ofthe firm; thus, the firm’s profit doesnot

enterinto the socialfunction of countriesA andB. It canbe shown that the resultsof the

paper do not change if we assume that govern&enins a percentage [0, 1] of thefirm

and the other countrgwns the rest, 1-a. The reasonis that eachgovernmentalwaysowns

the same percentage of the firm’s profit independently of the location of the firm.

9. As there is a fixed cost and there are neither transport costs nor import or export tariffs, tt
firm will only establish one plant. ransportcosts orimport or exporttariffs existthe firm

could decide to set up a plant in each country (see Marktis¢n1995).

10. We assume that the profit of the firm, when it is located in the cdBingynot negative:

2
< 9(a+e-1)

F 64

. It is easy to see thhky, is lower than this.

11. We consider,to eliminateirrelevant cases,that the size of the single marketis high
enough, that isg>1+5.8; this assures thab>g1.

12.If A is a developedcountry and B is an underdevelopeane, the firm will locatein
country B unlessthe fixed costin this countryis high enoughin relationto the costin the
other country. Thedvantagehat an underdevelopedountry usually offers firms is thatits
environmentalpolicy is lax, since an underdevelopeaountry hasa low valuation of the

environment, and that workers are not unionized and, therefore, wages are very low.

13.The assumption that>1+5.8& assures th@s < é <g3<gand thagsa<g: < @ <g2<g.
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[llustration of proposition 4
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Figure 3.

Comparison of the results when F<F,
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