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NON-TECHNICAL SUMMARY

Environmentafisis fear that international competition among jurisdictions in the
field of environmental regulation will lead to low emission taxes and lax
environmental standards. The underlying ihought is that jurisdictions competg
for mobile factors of production like capital and that they can atlract these
faclors by offering profitable conditions for foreign direct investment. Since
environmental taxes and standards affect production costs, they may have an
impact on the allocation of invesiments. There may be incentives for the
policy-maker to undercut the environmental taxes imposed by other juris-
dictions.

The empirical evidence on the seffect of environmental regulation on the
allocation of capital 1s weak. At the level of the economy as a whole, the
hypothesis is not supported by the data. There are, however, specific
industries where environmental {axes and standards indeed atfect the patterns
of mvestment. The results derived in the theorefical literature on international
tax competlition are also mixed. Models based on the assumption of pertect
competition usually do not predict competition towards zero reguiation. Matlers
are different in the case of imperfect competition and it has been shown that
there is potential for too low levels of environmental regulation. But it 15 also
possibie that policy-makers follow a not-in-my-backyard strategy and a
desirable investment is not underiaken since emission {ax rates are set 100
high. One of the major disadvantages of these models is thelr complexity:
results can only be derived by numerical examples or calibration.

The present paper avoids these complexities and locks at an investor who
wishes to build a single plant in one of many countries. Environmental taxes
affect the cost struclure of the firm and, therefore, the locational decision. A
single wrisdiction deciding whether or not to become the host faces the
tollowing trade-off: on the one hand, it has to bear the burden of envirenmental
disruption but, on the cther hand, it receives the tax revenue. Moreover, the
host couniry provides a public good to the other countries since the commodity
produced by the investor can be consumed there and generates consumer
surpluses.

If there are no international pollution spillovers and all countries are identical,
the model has the following solution. It it is clear to everyone that someone will
host the firm, the consumer surplus is irrelevant for environmental palicy since
it is appropriated anyway. There will be tax competition. Counirigs  will
undercut each other until the tax revenue equals the environmental damage.



Depending on the shape of the environmental-damage function this will result
N an emission tax which s either too low or too high. It is too low if damages
are smalf compared with the petential tax revenue, because governments then
compete for the tax revenue. it is too high if damages are targe. In this case,
the neglect of the consumer surpius leads to tight environmental standards
and a low level of output. If environmental damages are very high, the plant
may not be built at all. The reason is again the neglect of the consumer
surplus that accrues to other countries. This is the not-in-my-backyard case.

The modei can be extended by mtroducing differences belween countries and
transfrontier pollution. With different couniries it can be shown that if there is
an investment, it is undertaken in the nght country, 1e. where the
environmental damage is the smallest. Nonetheless the emission tax rate may
still be toe low or too high and the not-in-my-backyard case is also possible
again. Cancerning international environmental problems, iwo cases can be
distinguished. If there is a global pollution problem {the greenhouse effect,
destruction of the ozone layer, etc), the envircnmental damage Is independent
of the location of the plant. Thus, it cannot be affected by the decision not to
host the plant and, therefore, becomes irrelevant for the determination of the
tax rate. Thus, if the environmental damage is not so large that it prevents
every counlry from being the host, there will be competition towards zero tax
rates. The not-in-my backyard solution is still possible, since the consumer
surpluses going to other countries are not taken into account by the host
country. The other case s the general transfrontier pollution problem where
environmental damages for instance depend on the direction of the wind {acid
ram). The opportunity cost of hosting the investor is the domestic environ-
mental damage minus the damage that wouid occur if the invesiment were
undertaken somewhere else. The country with the lowest opportunity cost will
be the host, but this is not necessarily the country where the plant would be
located cptimally. The nof-in-my-backyard case is also possibla.

The basic problem of this environmentai-policy game s that there are {at least)
two externalilies. The tax revenue appropriated by one country is lost for other
countries. This is a negative fiscal externality. Moreover, the host country
generates consumer surpluses elsewhere, i.e. posilive externalities. Due io
these external effects, the incentives to become the host can he too large or
oo small. On top of that, there are environmental externalities, which tend io
lower the opportunity cost of becoming the host and therefore tend to lead to
lower emission tax rates,

Thus, this monopolistic model may lead to inefficiently weak or inefficiently
fight environmental policies. The basic problem which causes the deviation



from cooperative solutions even in the case of no pollution spillovers is the
indivisibility of the nvestment. With a limited number of plants, marginal
analysis becomes irrelevant for the determination of optimal environmentat
policies. It might be argued that the imporiance of environmental taxes has
been over-emphasized in this medel. It is, however, possible to introduce ather
policy objectives (e.g. reduction of unemployment}, which are more important
in the real world, but this would not change the results of the paper.
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Envircnmental Regulation and the Location
of Polluting Industries”

1. Introduction

Do changes m environmentat regulation iead to the defocation of poiuting mdustries? If they
do, does this creaie incenuves for the policy maker o adjust environmentad axes and standards m
such 2 way that defocation 1s avoided? These are two of the centzal questions n the curment debate on
environmerntal policies i open cconomies. Business peopic often argue that tough environmental
standards negatuveiy affect the competidveness of domesuc fimms or of the domestic economy as a
whole (whatever that may mean}. In the fong run, the fimms that are affected by this policy will move
1o countries with less restriciive environmental policies. Environmentalists fear that policy makers
listen too much 1o these argumenis and that they are forced (0 1mplement fax environmental standards
for masons of internationai competitiveness. Ulimately, so the argument goes, this may lead to a king
of a rat race where cach country {ends to uadercut the environmental taxes prevaiiing clsewhere and
s may have disastrous conseguences for environmental qualigy.

The first question as 10 whether envirgpmental regulation has an impact on mdustry jocation
1$ an empincal one. Several studies have addressed this 1ssue and the results are ambiguous. Walter
{1982} cvaluates data on the sectoral and fimm devels and comes to the conclusion that generaily there
15 a0 evidence that pollator-niensive industries have moved to less regufated countnes or regions.
Defocarten has taken place only 0 special cases, when major projects have been obstructed for
environmentai reasons, Similar resuits are obtuned by Bartik (1988) and Leonard (1988). Rowland!
Ferock (1991), 11 congrast, come o the conclusion that environmensal reguiation docs affect locationad
decisions of investors in the U8 chemcal industry. The reiat:onship found by Rowiand/Ferock {1991)
15 highty non-linear: there 15 a threshold value of pollunon-abatemen: costs below which disiocanon
eliccts of environmental-policy changes cannot be ohserved. HemngelLucas/Wheeler (1992) and
LucastWheeler{Hemge (1992 report that there has been a relocation of environmentally intensive
industres to developing countries. They mfer this from the fact that jow-income countres have ex-
penenced higher growth rates of pollution miensity per umit of ostput than high-mcome countrics
dunng the scvenuies and cxghties, when mdustnatised countrzes sghiened thew environmental
standards. Similay resufts are reponed by Low/Years (1992). Thus, one may conclude that there 1s
some cvidence that environmental regulation affects locatonal decisions but there are large differ
ences ;m the responsivencss of different sectors towards environmental policy changes.

1 am ndebted to Horst Siebert and ingo Thomas for helplul comments,
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The second question whether the threat of delocation may lead o a disastrous compelition

among Junsdictions s the subject of this paper. Only a small number of papess Have dealt with this

question ug 1o now. This literature may be divided into two branches.

- On the one hand, there are competitive models which fook at the cconomy as an aggregaie. They
are based on the traditional approach o mtemationat factor mevements developed by Jasey (19603,
MacDougall (1960), and Kemp (1964). Examples are the Long/ Sieberr {1991) and Rauscher
(1994) models of intemational capital movements, it1s shown there that welfare-maximising policy
makers are not mterested in undercutung foreigs environmental taxes. Eavironmental policies may,
fowever, be gsed to mfluence the remuneratzon of Use mobile factor. The capitad-nch counry,
stivang for a high interest rate, prefers a lax environmental policy wheress the capiial-poor country
chooses & tough policy since this tends 10 reduce the world market rate of interest. Onidy if exogen-

ous forces like iobbics are introduced, a rat race becomes feasible.

- On the other hand, there are pasuai-cquilibsum models of aon-comgpetitive markets. One-country
models of this type Bave been developed by MarkiseniMorey/Olewiler (1993) and Mota/Thisse
(1994}, They generatise the BranderfKrugman (1983) model of reciprocal dumping by making the
number of firms and piants endogenous. The number of fimms that are acuve on the supply side on
e market depends imier afia on the environmental regulation. Changes 1 enission laxes of
stamdards may induce finms to close dows piants or open new ones, With these changes i market
structure, il 15 pot surpnsmg that cven marginal changes m environmentai regulanon may have
large effccts on environmental quadity and wellare. The model has been exiended 10 twe countnes
by MarkuseniMoreyiOlewiler (1992) ang Ulph (£994). They consider the junsdictional competition
explicitly. 1t 15 shown that not only the i race icading to low envirenmental standards m both
countrics 15 possible bat also a scenano for which Markusen/Marey! Olewiler {1992) have comed

the tenm "niot wm omy backyard”. In this casc, the number of polluting fimms 15 smaller than the
opumal one.

The present paper [alls into the sccond category, that of aon-competitive parual-equilibnum
models. 1t uses a vanant of the Markusen/MoreyiOlewiler (1992) model which 1s simplifted ia some
respects and more complicated in some others. Markusen/Morey! Glewiler (1992} consider a ssuanon
where there 15 one polluting fivm which decides upon the focason of its plants. Eniry by additional
firms is excluded by high sci-up costs, There are (wo kinds of fixed cosis, that of baing :n the market
and that of sctung up a plant. The vanable costs include pollution abatement and trade costs. The firm
may build a plant 1n the home country, mn the foreign country, 1n both of them or 10 neither of them,
and e deciszon 15 nfluenced by the envirenmental policies i the two countries. Unlenunaiely, this
model tums out o be rather complex even 1 the case of oaly one fmn. Markusen!Morey/Olewiler

(1992), therefere, use a numencal example o denve some mesulis, The present model tries 10 avoid
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this complexiy by seglecting trade costs, Thus, a scenano in which the firm opens up more than one
pland 1s not possible: a smgle plan? suffices (o serve the whoie market. The model then tms out 1o be
solvable mther casily and the resuits can be mierpreted neatly. The additional features of the model are
the [arger number of countries and the consideration of transfrontier pollunon probicms.

The paper 1s orgamsed 25 follows. The next section presents the medel. Section 3 character-
15¢s the coopesanve solutzon, Sccuon 4 deals with junsdictzon competition n & world in which all
countiies are equal and where there 18 50 ransfronuer poliuszon. Scetson 5 introduces diversity and
transboundary polluion spillovers. The final secuon summarises the results,

2. Fhe Model

Consider a market for a good whose producton 15 subject to ncreasmg retums 1o scale and
substantial envionments externalilies. Increasing retums tend (o fead 10 ron-compeliive market
struclures and in this modet there will be a natural monopoiy: a smgle fim serves the whole market
for final goods. In the factor market, the firm 15 a pnice laker since it competes with fims that are
active in other sectors of te economy. The production requires an environmensal resource as an inpat,
This mpul s wsed up dunng the production process and His coniribuies 10 envirenmenial
detenoration. The junsdiction which hests the polluting piant wishes to aveid unnccessary depletion
of environmenial resousces and, therefore, reguiates the producer by imposing & tax on the use of
covironmental resources, This will be referred 1o as "the ermussion tax” dunng the rest of the paper.
The junsdicton which hosts the producer 15 not the ondy one; there are other junsdictions that are
potenual focanons of the pollutng plant. Thus, there are p+{ relevant actors i the model, one firm
and n junsdictons. The junsdictions will be calied "countes” for the sake of convenence. It should,
however, be nowed this term encomgpasses all kind of junsdicuons down to the community level that
eioy some discretion and sovereignty m thewr environmental policies.

The model structure 38 the following one. The producer 15 4 monopolist vis-a-vis the con-
sumers. She decides whether to build a plant or not, where to build it and how much to produce. She
takes as given the environmenial regulation, Thus, the government of the hosang country 15 & Stackei-
berg feader vis-a-vis the monopolist. If governmenis do ot cooperate, they play Nash aganst each
other, and each conntry takes the envisonmentat tax rates in the rest of the world as given. This game

1s soived in the ussal backward fashion.
The fim

Duc to large fixed costs, there will never be more than one suppiier 1n the market. If these
fixed costs are mterpreted &8 beng set-up costs of a ptant aad if transport and other irade costs are
suffictently small, there will be only one plant from which the whole market 15 served. Fixed costs
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being deduced, the producuon 15 charmctensed by constan: relums to scale. This implics that the
variabie costs are c{w,fg. ¢ 15 the output, ¢ i the envircnmentai tax rale, w 1§ a vector of re-
manerations of the pavate facters of production and cf.,.} 15 the smt-cost funcuon. £(.,.) 15 MCrRAsiNg
1n ils argumenis, concave and homogenous of degree one. The uiilisanon of enviroamental resources.
which 15 properuonad 1o ermssions, €, 15 determined by Shephasd’s lemma, Choosing the units of

measursment appropriately, emissions can be wotten as
Iy e=clwng

where the subscript represents the parhal deavative of a function with respect to the vanable o
queston. Let the countries be idenucal with respect 10 demand and let the inverse demand funcuon n
cach country be p{g/n). Then, the profits {um out to be

@ T = plgimg - clwi)g - f

where f denotes the set-up costs the firm bas 1o bear if it rases a plant. The first-order condition for

profit mastmisaton i5

[E}] nlgfn)+ = ¢(w,I}

7 lging
n

ard 1his condition 15 sufficieny i the evenue function 1 sincty concave. We assume that this 15 the

case. The profit-maximising oulput, g, depends on he emission fax rate, ¢ Let this be denoied by &

funcuon ). its siope 15

.4 £
) @ z—qu < {}

where the arguments of the functions have been dropped for convemence. in the case of a linecar
demand funcuon, this can be simplified

A,

@ =
_ T

The graphicai represeniation 15 sireghtforward. Figure 1 depicts the aggregate demand curve,
g{p). the margsnal-revenue curve, mr, the marginal cost Hne, ofw,t), and the average cosl curve, ar.
The nitial scenanio depicis a siugton where the pace 1s farger than the average cost, 1.e. where the
{irrn makes a profit. I the emission fax 18 rinsed, the cost cuyves will be shifted upwards, the supply
will be reduced and Gnaily prolits may um out o be negative. The plant will not be built. This
stiuzation 15 depicted by dashed lines :in the disgram.
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Figure i: Behaviour of the monopolist

The criticai tax fevel, €, at which the fivm decides not to build the piant can be determned by
setting J7=0 in equation (2), using the first-arder coadition, (3), and noting that the opimat supply s &
function of the tax rate:
v (m(:‘))w{!‘)

n

) -

(")
This formuia States that the mark up over marginai costs must equai the avemge fixed cost Tou
differenbiation yviclds the expected result that (€ is a declining function of £ The higher the fixed cost
the smailer the tax rate necessary to make the firm feave the market.

The n countries

As far as demand is concemed, the n countrzes are identicad. However, they may be different
with respeet to the effects of pollutton. These differences may be due to asymmelnes 1n the trans-
frontier pollution process, to differences in assimilation capacities, and to differences m preferences,
¢.g. m envionmeniad concem. All these aspects are caplured in a single parameter, alf (i j=1,..n3. This
parameter denotes the effect of one umt of cmissions 1R country ¢ on he environmest i country f. The
environmental disrmuption 15 evaduated by an increasing and convex damage funcuon d(.).

There 1s one major difference between the host country and the rest of the world: 1ax revenues
are appropriated by the host country, The other positive welfare component, which s equai for all
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counings however, 1s the utility derved from consumpuon, 1.¢c. the consumer surplus. The welfare of
the host country wms out (o be

q i ain
& W =—d(a‘qu)+:cgq+fop(w~ plq/nydy

where g now (and for the rest of the papen) denotes the profit-maximising output of the moncpolist.
For the rest of the world, one obtains

. qin
(N w = —d{al"f-'r‘”‘*‘jﬁﬁ(‘ﬁ}— plgimde &%),

3. Coerdinated environmental policies

H the countries coordinate their environmental policies, they maxamise the otal wellare, e
the sum of all w* (i=i,...,.n). A cooperative solution may require side payments i order 10 compensaic
potential tosers. These need not be considered explicily, singe they are neutral transfers that do not
affect the affocavion, It 15 assumed that the properties of the welfare function are such that someone
will host the firm; the boundary solutien, ¢ = 0, will not be considered in much detail. The first-order
condition {or an opiimum 15

P aer

) (cqg+va’ }Zn ald’ =g +{eyq+cmw )i-
=1 n

where country i is the host country. The lefi-hand side of this equauoa represents the marginad re-
ducuon 1 envirgnmental damage duc o an werease of the emission fax. On the nght-hand side, there
15 the marginal cost of this tax merease. Tt consists of & change 1 the tax revenue and a reduction of
cansumer sarplus.

Since there arc # potentéal host countnes, here may be up 10 a differem solutions 10 equanon
{8) and it depends on the values of atf, which location 15 the opumal one. Some special cases may be
considered:

- No transfrontier pollation (abf=0 for i) The country with the lowest aff should host the poliuter.,

- Equal impacis on ali countnies {alf=aM! for all i jkl=1....n). This 15 the case of a global enviror-
mental probiem where the damage s independent of where the poilutant is dischasged. All potential
locations are equally optmal.

F—
- Linear damage funcoon (d'=0). The country § for which Z’_ _a[” is minumsed shouid host the firm.
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For the generat case where the ot differ across countnes, an explicit soiunon of the optinusaion

probiem 15 impossible.

The policy detesmamed by cquation (8) 15 not the best policy. There arc two distortions in the
madel, an envirommental externaiity and the non-competitive market struciure. A truly opaamal policy
would roquure additionat policy instruments. ! This 15, however, not the subject of the analysis i this
paper.

welfare

Figure 2: Opumal environmental policy

Figure 2 ilfustrates the ¢ase without iransboundary poliuton. Four curves ame depicted:

Ar opumal policy would emulate a competitive market by setung an upper bound of the price such that it
cquals the marmnal cost in this case, the monopolist has ro be supported by a lump-sum subsidy
cqualling the fixed cost An cmussion tax rate serves the purpose of intermalising the cavironmeatai
exteralities. The optimal tax formula wonld resemble cquation (8). However, o would be different since
daldt = nc g’ Under normal carcumstances, this first-best policy would be charactensed by a higher tax
rte than 1he second-best policy. If the monogalist s atlowed 1o behave like a monopelist, she saves
cavirormental resonrces by restneing her autpot. If the monopolisCs power 15 reduced by govermnment

intervention, the cmission 1ax mte has to be rased.
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- Environmental damage, d, 16 a declining funcuon of the tax rate. The second denvative with respect
w18
a5 n i 2
{epa+200 -z-c,a)")Ej:{M’ +{cpq +er )Ziﬂ(a'f ) dr
and s sign 15 deleminate 1w the general case. If, however, the producnon funceon 15 Cobb-
Pougfas and the demand funcaon 15 linear, then ¢;>0 and @'=ncy/(2p7>0. These are sufficient
conditions for the environmentat damage being a convex function of the lax rate.

- "Fhe tax revenue, tr, 15 an mereasing function of the fax rate if the tax rate 15 small and may have a
negative siope for farge tax rate. This 15 the Laffer-curve property. The second dervative 15

2(‘3;1‘? e )+ {Cmq + 20,00 +c,0" )

This curve 1s concave for small values of ¢ and may be convex for farger values.

- Consumer surpius, cs, 15 a declinng functon of the w@ax mic. In the case of a lincar demand
funcnon, the marginal consumer surpius fums oul (o be ef2. Thus, the es curve 15 concave m this

case.
- The fourth curve 15 obtained by the addition of tax revente and consumer surpius,

The optmum 1ax e, %, 15 located where the d curve and the {fr+cs) curve have the same sfopes.
Figure 2 depicis an 1nlenor opiomum, e, rF<iC.

4, Non-caoperative envirgnmental policies

Now consider a setuanon i which the a countnes compete for the foreygn wvestor. For the
sake of simplicity, we will start with a siteanon 1in which alf countnes are equal and there 38 10
transboundary poilution. The country that hosts the foreign investor imposes two exlemalities on the
rest of the world. First, the goods that are produced in the polluting piant are availabie abroad and this
generates consumer surpluses 1 the other countries. Second, the host couniry appropnates the whole
tax revenue, which 13 then nos available for other countnes. The cost of bamng the host 15 the domesiic
environmentai damage.

Figure 3 depicts the siwation from the point of view of a singie country for different types of
the environmental-demage function. d! represents a siuation n which cnvironmental damages are
rather smatt and 42, d3, and &% depict damage funcions with higher ievels of environmental damage
for given cmission taxes. Since the damage function 1s sumply shifled upwards, the opuimal fax rate,
*,15 not affected, (fr+o5) represents tax revenue plus consumer surpius from the pomt of view of a
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smgle country. This funcuon lies below the (r+¢5) line of the cooperative case since 4 single couniry
recewves only one ath of the total consumer suzplus.

welfare
tr+Cs
M¥ 5
{tr+csy “_““\\ d

h\'“""‘-'—-—._..._m____ a3

~

tr —
{1 t* t2 [&] tc t

Figure 3: Junsdictronad competition

Coensider [mt a scenano 153 which cach country (comectly) conjectures that there will be
someone who will host the polluter. Iz this case, the consumer surplus accrues (0 any country -
dependently of whether 1t degides 1o be the host usell or not. Thus, the decisive vagiables age the tax
revenae and the environmenial damage, Assume that the environmesntal damage 15 small (@!). Over a
wide sange of tax levels, the 1ax revenue exceeds the environmental damage. in these situatzon, cach
country 15 betier off if it iself hosts the polluter than if the plant 15 located abroad. Since the firm
moves to the country with the fowest lax level, cach couatry has an centive 10 uadercut foreign
crmssion taxes. This incenuve vanishes when tax revenue cquals environmestal damage, e, 1ax
levet of 1] This is the case of a rat race. Junsdichional competition resulls in under-regulation and 100
much poilulion.

In case 2, the environmenial damage 1s larger (d2). The mange of positive net welfar effects
for the host country 35 reduced. At the optimal tax level, %, the environmental damage exceeds the @x
revenue and noag of the countnes akes the burden of hostng the polluung plant. The unsdictional
competition msulls m a tax level 2, which 15 too high. The host coantry allows the monopolist to
poliute 1ts backyard, but only a little bit.
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I the eavircnmental damage 15 even larger (d3). it exceeds the tax revenue for all tax mtes
pelow ¢ However, the total benefit, (tr+cs), 15 targer than the cost of environmental disrupuon,
Thus, even Lhe host country would benefit i the mvestment were undertaken but it prefess the piant 10
be established cisewhere. This 15 a chicken-game situation.2 The host country 1s the chicken. This
game has n pure-strategy equidibna and it 1s not clear whether one of them will be attained. See
FudenbergiTirole (1991, 18-19). If maxed strategies are used, a scenano becomes feasible m which
the piant 15 not built although everyone would benefit from 12, 1f the plant 1s built, the tax rac 3 wint
be offered by the chicken, “Fhis 15 the 10x rate at which the country muximises s national welfare, t.e.
(rr+cs¥-d, 1t1s o high‘3 11 should be noted that the relationship between environmental damage and
the ermission Lix is non-monctonous. A reswatching phenomenon tems up as we move from scenano 2

0 5cenano 3.

Finally, if the environmenial damage 15 very large (%, none of the countnes benefits from
bemng the host. ‘The mvestment will not be undertaken because of the traditional pniseners’ dilemma
problem. It wouid be individually wrsnonal 1o provide the consumer surplus jo the citizens of other
couentacs if this results 1n an individea! welfare foss. “This corresponds to the "agt m my backyard”
scenana of the MarkuserdMorey/Qlewiler (1992) paper.

Two cifects generate the deviation from the desirable environmentad policy. On the one hand,
the host country appropnates the tax revenue. If this 1s farge compared {o the eaviroameniai damage,
the Junsdictonat compelition will induce e governmenls o undercyt tax rales imposed eisewhere.
OCn the other hand, there 15 the eonsumer surpius of which the home country can appropnate only one
ath. This generates the potenual for a pasoners’ dilemma when the cost of being the host s large.

Finally one may wish to consider a scenarno where it 15 nol opumal from a globai point of
view that the investment be undertaken. If the giobal wellare effect of the mvestment 1s neganve, then
the wetfare loss for any potential host ecuniry s even greater. There are ne inceniives 10 become the
host. An mvestment which 15 undesirabie, will nover be made. This resuit may, however, be changed
if transftonuer pollugon 15 mtroduced.

5

in order to fully characiense the game, something has (o be said on the ouleome of the game if more than
one country offers 10 be the host. [t 1s assumed that e this case the monopolist theows dice and that the

probability of becommng the host country 13 equaily distributed. The payoff then 1s the expected welfare.

3>1* because the conssmet surpius is a declimng fencuon of the tax rate. Since global welfare contams
temes the consumer surplus of a single country, the smgle country's welfare Funcuion has a farger stope

than the global welfare function for any value of 1.
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3. Differences between couniries and transfrontier pollution

The preceding analysts wis based on a stmplified version of the model n which all countries
are equal and there are no transfrontier peliution spiflovers. These assumpuions will be abolished now.
In a Girst step, the case of differences between countnies will be considered. We will then tum to the

1ssue of transfrongter polluton,

If couniries are different, v.e. il aff=alf for i, then the country with the lowest a¥f will be able
10 undercut the other compentors and will host the polivung piant - provided that the net benefit (tax
revenue minas damage) 15 non-negative, This 15 efficient since the pollutng plant should be located
where the environmental cost 15 minnmsed. But this country will in general not choese the optimal tax
e, £, 1t 15 casy 10 show that m a world with different countnes 1t 15 less likely that the optmum tax
rate, £+, 15 uadercut than 11 a iomogencous world. This can be seen from Figure 3. Let us assume that
the damage luncton depicted in this figure 15 that of the country with the lowest aft “The junsdicuonal
competition will be stopped when the country with the second lowest level of aff waches the break-
even pomt where tax revenue equals eavitonmental damage, The remaming cosntry may have anm-
centsve 1o reduce the tax rate even more i this 1s welfare improviag. However, i will never be
rationat o reduce the tax sate towards the leved at which the net benefst vanishes, Thus, the tax rates
offered by the country are larger than t!and 12, respectively. There will be a tendency owards larger

tax rates. OFf course, the cases of the chicken game and the pnsoners’ dilemma are also feasible.

MNext consider the case of global pollation, where the damage to the environment 15 indep-
endent of the source of ihe emussion. Examples are ozone depleton due 1o CFC emissions or the
greenhouse effect. In s case, all a¥f are cqual, The game can be selved in two steps. First, onc may
ask whether there will be a country that offers 10 be shie host. This will happen if the sum of tx
revenue and consumer surpius exceeds the environmental damage 1o a single country, This may be the
case even 1n 4 situation in which 1t 15 not desirable from a cooperative point of view that the mvest-
ment be underaken.t The unsdictional competition now takes the foilowmg shape. The opportuany
cost of undercwtung foreign tax rales becomes mfimicsimatly small, Like the consumer supluses
accrue Lo all countries independently of who 15 the hosi, envionmental disrpiion 5 now independent
of the locanonal deoision of the monopolis: as well. Thus, from the poat of view of an ndividual
government, a discrete change 1 @ax revenue fas [0 be compared to margnd changes n consumer

surpius and environmemtal disruplion. In osder 10 appropnaie the tax fevenue, the countries will

4 {n a cooperstve suuation, the mvestment 15 desimble if rr+(cs-d¥>0. Fora single country, the cntenon is

ir+{cs-dyn>0. 1 15 obvious that the second condision 15 sausficd if the first one 15 satisfied but not vice

VLESH.
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undercut cach other's ennssion 1ax rates until the tax revenue becomes margnal. There will be a tax

compelinon owards a Zero X fate.

Finally, let us consider the generaé case where there s transboundary polfution and the
counines are different. In order 10 exclude a tax competition towards zero guiation, 1t 15 assumed
that each country is the mawn source of its own pollution, 1.¢ the diagonai elements of the transfronsier-
pollution matnx dominate the other efements in cach column (aff>a¥f for all i4.i=). If the environ-
menlai damage 15 a lincar funcuon of emissions, then 1t 15 best to locate the polluter m country ¢, for
which the sum of alf alf (j=t1....,) 1s minimised. This 15, however, not necessarily the counsry that will
win the Junsdichonal competition. And even i it were, the emussion level would presumably be too
high. Assume that there 15 a country that has an incentve 1o make the first move and host the poltuter.
Then iiie tax competition s driven by the following ranonale. The benefit of bemg the host 1s the tax
revenue. The opportunity cost 1s the domestzc environmentai damage minus the damage that would
occur via transborder spiflovers if the plant would be set up abroad. One couniry after the other drops
out of this tax game until the two countries with e lowest Opporienily costs remain in the game, This
pasr of countries 1§ charactensed by

n}m(max(a“ ~af ol —a'j))

(&) W

Of these two countnies, the country with the lower value of al —a¥ becomes the hest countsy and the
larger vatue of a ¥ determanes the tax e that 1s finally charged per unit of emissions from the
wivestor. Like m the case of no transfronner polluton ard different countnes, two addiional scenanos
ame possible. There may be an mtenor opumum if the country that s fizally established as the host
country czn merease its wekare by further tax reductions. Moreover, it 15 possible that no one wants (o
have the pelluter 1 her or his backyard if the scif-polluton cffccts are substantral.

As an exampie consider the probiem of North-5ea poliution. Due 1o the predomenant disection
of curmrenis, the transfronter polluton matrix tends 10 be nearly tangular, i would be efficient to
focate polluting firms on the Eastern shore, for mstance m Denmark. However, Great Britan has the
lowest self-pollution caefficients and, therefore, ftas the best position 1 the jurisdictionat compelition
- al least at a first glance. One may argue that the enierpnse will be iocated in the wrong country and
the level of regulanon will be teo low. However, if Denmark 15 threatened by pollunon from the
United Kingdom, 15 opporiunity cost of hosting the polluter shnnks. Denmark may therefore be ready
1o undescut the low British tax rates n order to reap the net benefie from hosting the piant.



6. Final remarks

We have anatysed a very simple model of endogenous market structure and eavironmental-tax
competition. It has been secn that there 1s 2 large variety of solusons rangmg from a rat race with zero
taxes to the chicken game and the case of “not in my backyard”. The devianons from jointly opumal
policies can be substanual. Thesefore, optimistic views of international fax competition that are based
on competitive general-cquilibnum modeis may twm out 10 be misleading if markets for environ-
mesntally indensive goods are non-compelitive. 5

Of course the madel 1s sumpiistic in vanous respects. For wstance the endogenenty of market
structure 15 modelled in a rather simple fashion: either no mnvestment 15 undertaken of a monopolist
will run a single plani, However, as the paper by Markusen/Morey! Olewiler (1992} has shown, cven a
smatl exiension of the model by adding an additional plant fenifics is complexity and one relies on
numencal examples for a scluton. Another simplificanon of the model 15 the consideration of
environmental axes as the only policy wnsirument. This may be appropnaiec when junsdicuons ame
concerned that have some discretion i thew environmentat policy bui no sovereignty 15 cihier 155ues.
A really sovereign junisdicuon shouid, however, take other possibifilies 1to account. There 1§ more
than one distortion 1 the model and a welfare-maximising pelicy, thercfore, soquies more than a
single policy ingtrument. Exensions of the model g this direcion are desirable. Finally one may
question the emphasis which 15 placed on tax revenue in this paper. There are (wo replies to this. First,
1t may be tnue that green taxes do not generate a substantial tax sevenue nowadays bul this may
change. The current debate on the se-called double dividend, for instance, emphasises the evenue-
nisipng potential of eavironmental faxes. At the moment, tax revesues are generaled predommasntly by
distortve taxes (c.g. on labour income). Green fees and taxes may be used to generate the same iax
revenue i1 3 much fess distiorive manner, Sce Reperto (1992), {or instance. Second, even if green tax
revenues are nel substanual, one could consider other benefits of foreign dircet invesiments that may
be more relevant m the political decision making process. An example 15 the reduction of unemploy-
ment. This coutd be modelled by the mirnduction of an additionai variable 1ato the welfare functon or
by the explicit consideraton of the labour market. The basic results, however, would the same as in

the case of tax revenues.

5 Similar conclusions have been drawn by Ulph (1994} from policy sunutptions with a calibraied ofigo-

polisuc model.
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