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Abstract. The purpose of the paper is to outline an analytical framework
which captures the ample scope of locational competition: cost differences,
resulting from differences in factor prices including taxes, human capital,
infrastructure services and total factor productivity. If cost differences are
small, locational competition controls excessive government power. We have
modeled locational competition by assuming that governments have a vital
interest to keep mobile factors of production at home. We represent this
aspect by restricting the usage of environmental instruments such that they
will at most exhaust the cost difference to a competing foreign firm. If cost
differences are large enough there is no binding restriction for the cost-benefit
calculus of a national environmental policy. The tax will be below marginal
damage due to strategic reasons of rent shifting. If small international cost
differences do not allow taxation in accordance with marginal damage con-
siderations, then locational competition restricts the size of the tax rate such
that the firm is indifferent in relocating or staying at home.

JEL classification: R32, R38, H23, F22

1. Introduction

It is argued in the literature that differences in environmental regulations are
an important factor in industrial location (industrial flight hypothesis). This
hypothesis is derived from an extension of the Heckscher-Ohlin model of
comparative advantage. Since companies can avoid regulations by locating
abroad, free trade erodes the independence of a country in implementing an
environmental policy. This exerts a strong pressure towards lax regulation in
order to signal a pollution haven to producers. Especially in the theoretical
literature, multinational firms seem to base their direct foreign investment
decision or plant location upon the stringency of environmental regulation in
other countries (developing countries or Eastern Europe). The environmental
regulation intensity is expected to be a significant determinant of competi-
tiveness and causes industrial flight from industrialized countries. The argu-
ment is that stringent environmental standards cause high costs of
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production, leading to a decline in competitiveness, and ultimately in market
share, jobs and investments. In countries with persistently high unemploy-
ment, threats of job losses and of plant relocation can be very powerful and
helpful for opponents of a strict environmental policy.! However, a broad
consensus has emerged in the empirical literature that regulatory differences
(with some exceptions) have, at best, a negligible impact on industrial loca-
tion. Studies attempting to measure the effect of environmental regulation on
net exports, overall trade flows, and plant-location decisions have produced
estimates that are either small or statistically insignificant. These results
emerged from studies by Jaffe et al. (1995) and Adams (1997) which review
the empirical evidence.”

We therefore will specify a model which permits the option to relocate but
in which governments will not set environmental taxes or standards such that
firms will choose this option. In this model location decisions do not only
depend on regulatory differences, but also on differences in factor prices, in
the quality of the labor force, access to markets, differences in corporate taxes
or in the provision of infrastructure. Governments know these factors which
can affect business location decisions and they also know that it is rather
unlikely that firms will move to another country for the only reason of taking
advantage of relatively lax environmental standards.

The purpose of this paper is to introduce international productivity gaps
into a model on relocation decisions and to show that there is plenty of room
for strict regulation if countries are not too similar in terms of productivity and
factor price differences. With productivity gaps between countries, it is
hopeless to lure business into another country by providing low environmental
standards. In our special model, governments might exploit the cost advantage
of their domestic firms to a certain extent by adding an environmentally
motivated regulatory burden, but they will set this burden low enough such
that it will not cause firms to relocate existing plants. Therefore this model is in
line with a study by Bartik (1988) who found that air and water pollution
control expenditures, costs of compliance, and allowed particulate emissions
all have an insignificant effect on plant location decisions. Jaffe et al. (1995)
summarize the reasons why the effects of environmental regulation on location
decisions may be small. First, for all but the most heavily regulated industries,
the cost of complying with environmental regulation is a relatively small
fraction of total cost of production. Second, labor cost differentials, energy
and raw materials cost differentials and infrastructure adequacy dominate the
environmental cost effect. Third, other monetary-equivalent costs or benefits
like public services, unionization of a country’s labor force, or agglomeration
effects from the existing level of manufacturing activity in a region also affect
plant location choices. Fourth, since the difference in environmental regula-
tion in western industrial countries is not large, the incentive to relocate is
small. And fifth, in case significant differences in regulatory stringency exist,
firms may not exploit them. Because of environmental credibility reasons firms

"I am grateful to the anonymous referees for helpful suggestions. See Jaffe et al. (1995) and
Adams (1997) for excellent surveys on environmental regulation and competitiveness.

2 The gap between the theoretical and empirical literature is also due to methodological
weaknesses of the empirical studies (see Jeppesen et al. 1999 and Jeppesen et al. 2002 on this
point).
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are reluctant to build less-than-state-of-the art plants in foreign countries, or,
when environmental standards are relatively weak, firms may invest more in
pollution control than is required.

We will now give a short survey of the literature. The first model on
location decision and environmental policy is by Markusen et al. (1993). They
develop a model that allows firms to enter or exit, and to change the number
and locations of their plants in response to changes in environmental policies.
There are increasing returns at the plant level (fixed costs), imperfect compe-
tition between a domestic and a foreign firm, and transport costs of shipping
out between two markets. The authors consider two countries and assume that
one firm - not yet established at the beginning of the game - is associated with
each country. Firms decide where to set up production after having observed
the governments’ move. The decision to serve another region is a discrete
choice between the high fixed-cost option of a foreign branch plant or the high
variable-cost option of exporting to that market. Decisions on plant locations
are no longer based on marginal analysis but are now discrete choice prob-
lems. At critical levels of environmental policy variables, small policy changes
cause large discrete jumps in a region’s pollution and welfare as a firm closes or
opens a plant, or shifts production to/from a foreign branch plant. They
extend their model by introducing tax competition between the governments
of the two regions (Markusen et al. (1995)). If the damage from pollution is
high enough, the two governments will compete by increasing their environ-
mental taxes until the polluting firm is driven from the market. Alternatively, if
damage from pollution is not as high, the governments will compete by
undercutting each other’s pollution tax rates. Markusen et al. (1995) use
numerical examples that show the range of parameters that cause a move from
one equilibrium to another. Following them, Hoel (1997) also considers a two-
stage game at the firm and at the government level. Under his assumption that
costs of the firms, except taxes, are independent of where the firms locate, each
firm will only produce in one (or none) of the two countries. Markusen et al.
(1995) allow for non-zero transportation costs which implies that it may be
optimal for a firm to locate in both countries in spite of its fixed costs. Hoel’s
somewhat simpler model makes it possible to derive some qualitative results
under rather general assumptions. In the game he considers the governments
of the two countries first choose their tax rates, after which the firm locates in
the country with the lowest tax rate. Markusen et al. and Hoel analyze the case
where environmental damage is so large that the firm does not locate in any of
the countries in the Nash equilibrium (the NIMBY case (not in my backyard)).
The main conclusion from the model is that on the one hand the incentive of
each country to attract firms results in lower environmental taxes than it would
be with cooperation. On the other hand, if disutility from pollution is suffi-
ciently high, each country might prefer that a firm locates only in other
countries. This effect tends to make environmental policy under non-cooper-
ation stricter than it would be with cooperation. The model by Rauscher
(1995) is another simplified version of Markusen et al. (1995) by neglecting
transportation costs so that a single plant suffices to serve the whole market. In
this paper there is one firm that wishes to establish a plant in one of n countries
and the game between the countries is affected by transboundary pollution
effects. It has been shown that there is a large variety of taxes ranging from
zero taxes to taxes as high as to imply the NIMBY case. In Ulph (1994), several
producers of a single industry have to decide where to locate plants to serve
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several markets. In a multi-stage game governments first choose their policies
to restrict emissions of a pollutant (no strategic policy), producers then make
location decisions and finally set outputs. In the paper the question is con-
sidered whether governments should offer subsidies to producers to prevent
them from relocating to other countries. A rebate policy of taxes back to the
industry is simulated using data for the world fertilizer industry. Ulph wants to
demonstrate that relocation can change the degree of competitiveness of dif-
ferent markets. Producers have chosen to locate where there are economies of
agglomeration so that moving into foreign markets sacrifies some of these
economies. The trade-off between these economies and transport costs will be
one of the factors affecting firms in their choice of plant location.

In Motta and Thisse (1994) firms are already established in their home
country when the game begins. They study the impact of the home country’s
environmental policy on the domestic firm’s location while the foreign firm’s
location strategy is given. The option for the domestic firm is to supply both
markets from its domestic plant; or to establish a second plant in the foreign
market; or to shut down the home plant and to serve both markets through
the new plant set up in the foreign country. Exports imply transportation
costs and environmental policy raises marginal cost. They describe the
equilibrium configurations by a partition of the parameter space. The
objective is to show that environmental trade barriers may cause significant
welfare losses.® Ulph and Valentini (1997) introduce intersectoral linkages
between firms in the plant location decision. By analysing the location deci-
sion of firms in different sectors which are linked through an input-output
structure of intermediate production, they wish to explore the incentive for
firms in different sectors to agglomerate in a single location.

Location decisions of footloose firms in response to environmental costs
are also analyzed in Markusen (1999), who presents simulation results derived
from a numerical general equilibrium model. In summarizing the results from
the main contributions to the location topic he emphasizes that it is not at all
clear that regional competition for mobile plants leads to lower standards in
equilibrium.

Hiibner (1998) looks at a three stage game in environmental tax compe-
tition in a two-country, two firm partial equilibrium model in which plant
locations are endogenous. Similarly as in our model, Hiibner neglects costs of
transportation and trade barriers so that firms are not interested in setting up
a multinational market structure with more than one plant. In this analysis,
Hiibner includes also possibilities of market structures like a monopoly if the
other firm decides not to produce at all, or both firms stop to produce because
taxes are too high. Both firms produce with the same technology at zero
marginal cost. A conclusion from this assumption is that firms do not relocate
if the tax rates are the same in both countries. Finally, in a recent paper
Greaker (2003) extends the literature on strategic environmental policy by
taking into account the ability of firms to relocate their production. In
Greaker the firms are also symmetric; a difference in environmental standards
will always lead to a relocation if costs of relocation are zero. In our model

3 A recent discussion paper on strategic location decisions is Petrakis and Xepapadeas (2000)
which analyzes delocation decisions of a monopolist who faces an emission tax in the home
country.
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firms may not wish to relocate in such a case because they benefit from lower
factor prices at home or from a higher total factor productivity (TFP).

We want to emphasize in this paper the difference in factor prices, in TFP,
or in other important location aspects on the cost of production when pro-
ducing at different locations. Most authors concede that firms may change
their production location for a lot of reason, but in their papers they focus
only on environmental costs. We think that the interface between environ-
mental regulation and differences in factor prices and TFP is an important
issue for environmental policy by governments. We restrict our analysis to
what we consider as a realistic case, i.e., we think that governments are
interested in having firms at home. They are not interested in setting envi-
ronmental taxes at such a high level to drive the firm out of the country. In
principle, if plants are able to relocate, then government policies may be
weaker or tougher than would be the case without relocation depending on
whether damage costs exceed the profit tax benefits of having a firm located in
a country’s jurisdiction.* By choosing to model a policy setting by assuming
that governments maximize welfare subject to a constraint not to drive the
firm out of the country, we will adopt an approach of an ad hoc nature.
However, we do not know of any stylized facts which show that governments
would actually want to set tough environmental policies precisely to induce
delocation. Cropper and Oates (1992), for example, note that despite the lack
of evidence in the literature “this, of course, does not preclude the possibility
that state and local officials, in fear of such effects (environmental regulations
on the location decisions) will scale down standards for environmental
quality”. Since the threat of a firm to relocate is only credible if factor prices,
TFP and human and infrastructure capital do not differ much between
countries, it is the purpose of this paper to emphasize the underlying cost
differences between countries and to model them explicitly. We do not claim
that any author writing on strategic environmental policy competition ever
believed that environmental policy was the only factor determining location
decisions, even if their ceteris paribus assumptions implied otherwise. But the
range of environmental taxes and the resulting market structure will differ
significantly with differences in factor prices and TFP.

Our paper is organized as follows. In Sect. 2 we introduce the concept of
productivity differences between countries as originated by Jorgenson and
Nishimizu (1978), and derive a maximal environmental tax which could offset
the productivity advantage of an industry making it indifferent between
staying or relocating. We also introduce imperfect competition between
domestic and foreign firms which differ in terms of factor prices and total
factor productivity. Depending on the difference in spatial profit, they decide
about the siting of their plants. In Sect. 3, we introduce environmental tax
competition between two governments whereby each government is
concerned about industrial migration in response to differentials in environ-
mental taxes. In Sect. 4 we specify a translog joint cost function to see how
energy taxes affect cost shares and the spatial cost differences. An empirical
implementation to spatial cost gaps would permit to determine energy taxes
such that firms would not wish to relocate. In Sect. 5 firms can choose among

4 This aspect is also analyzed in Greaker (2003). He also looks at the strictness of strategic
environmental policy when the governments are bounded by the threat of relocation.
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n countries which makes tax competition by governments irrelevant. In Sect.
6 we describe a tax policy by a government which wishes to attract by a low
tax as many firms as possible. Section 7 summarizes our conclusions.

2. Location decisions under differences in factor prices and in total factor
productivity

We assume that a firm produces the quantity x of output with labor and
energy and is flexible in making the decision about the site of its plant. Let D,
be a dummy variable with Di. = 1 if industry i is located in country C # 4 and
0 otherwise where country A is the base country. Additionally let ¢;. denote
the price of labor in country C. With country 4 as the base country, the price
of labor ¢, (D’C) actually paid by the firm is a function of the location deci-

sion. Similarly, let the price of energy be gz (DL.) = ¢% (D) +t (DL) - e where
e is an emission coefficient, e.g. for CO,, and ¢ is an emission or energy tax
which differs country-wise. The joint cost function then is

C[ C(xlqu(D) qE(D[C)a DlC)

where D, as the last argument in C(-) represents the difference in regional

oct
If OD’

country C will result in hlgher costs of production due to lower productivity

factor productivity. I > 0, then relocation from the base country 4 to

in country C. The opposite holds if 25 < 0.> Therefore the total difference in

aDr,
costs if firm 1 migrates from, let us say country 4 to country B is
dc'  oC' dx d dq’ dt acC!
_1:—._]1 I.LL1+E if‘i_t,__l. + o7 (1)
dDB dx; dD}, dD}, dD% " dD}, oD},

= E; has been used (Shephard’s Lemma). If ;’g,‘ >0,
f jgl 0, then the firm will migrate
to country B. According to (1), differences in labor costs, in energy costs, in
environmental regulation and differences in total factor productivity (TFP)
are determinants for a decision to relocate. We have not yet introduced
relocation costs or transportation costs. Differences in infrastructure services,
human capital, or R&D activities are included in the TFP difference term or
could be an additional term in the cost function.® Since we are interested
whether new environmental regulations will cause the firm to relocate the

Where £ =1, dq

then the ﬁrm will stay in its base country 4. I

3 In principle this is a definition since DL is a discontinuous variable and thus cannot be used to
form a partial derivative. Denny and Fuss (1983) showed that if we had ignored the fact that DL is
discontinuous, and differentiated C with respect to it we would have obtained a function of a
partial derivative defined as such before.

SIfC = C(x,q1,9£,KI,Dg, ...,Dg) where KI is infrastructure, then an additional cost difference
enters in (1), namely 5715] L‘fgﬁ where (,)KI < 0 is the reduction in costs from a marginal increase in
infrastructure.
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existing plant, we assume that the firm produces in its base country, i.e., it is
%Cll >0 and ZL; > 0.

# Therefore dur approach emphasizes not only differences in factor prices
and in environmental policy, but especially differences in national produc-
tivity. The next step is to introduce imperfect competition and environmental
policy regulation in order to model the strategic interdependency of location
decisions by firms and environmental policies by governments. We suppose
there is a single firm in each of two countries which operates only one plant to
serve the entire world market. We assume that each unit of energy used
produces one unit of pollution (i.e., ¢ = 1), and that there is no abatement
technology. Pollution affects only the country in which the plant is located,
and government in each country imposes an emission or energy tax. The
structure of the moves will be that the two governments first commit them-
selves to a level of emission tax; then the firms decide to stay or to relocate.
Besides ecological dumping as a lax environmental policy to stabilize market
shares of the domestic firm, there is additional pressure on governments to
relax their environmental policies if plants are able to relocate. We assume
that there is a joint production process but factor prices and TFP differ by
country. The corresponding fixed costs are sunk when the game begins. Hence
firm 1(F1) and firm 2 (F2) do not have to take into account any fixed cost
when they operate their domestic plant in country 4 or B. We therefore
follow the approach of Motta and Thisse (1994) by assuming that firms are
already established in their home country when the game begins. When firms
are already established in their home country, setting up a plant abroad
involves fixed set-up costs which have already been sunk in the domestic
plant.

With fixed set-up costs Fj, profit of the home firm 1, F1, is

' = p(xi +x2)x1 — C' (x1,4.(Dp), qe(Dp), Dy) — Fi - Dp. (2)
Profit of the foreign firm 2, (F2), is
= p(x; +x2)x; — C? (x27CIL(D,24)7‘IE(D,24)aD,24) -5 D} (3)

Factor prices for F1 are:

q.(Dy) = qu, + (4, — qu,) - Dy, and

qe(Dy) = gz, + ta + (g8, — qz,) + (tz — t4)) - Dp.
We assume that country A, the home country, is the country with lower factor
prices and hence lower TFP, i.e., j%’i >0, k=L,FE and % <0. If F1 produces
in A (D}, = 0), then factor prices are ¢, and gg, + ¢4, and they are higher if
F1 produces in B (D} = 1).

In our two country case, the factor prices for F2 are:

4)

f]L(Di) =qr, + (91, — q1,) -Dfl, and
qe(D3) = gz, + 15 + (g5, — q,) + (15 — 14)) D}

F2 produces in B (D% = 0) at higher factor prices and pays less for the factors
if it relocates (D% = 1). FOCs for our duopoly are, assuming constant returns
to scale, C(x) = x; - ¢(-),

()
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MR](xth) = (qL(Dllg)7qE(D1]3)’D1]3) (6)
MR (x1,x2) = *(q1(D}), qe(D3), D7) (7)

Each firm does not migrate if profit decreases after migration, i.e.,

dnA <0 or dn. _ om; dx,: +87r,— dxj ij_Fi <o.

dD¢. dD.  0Ox;dD.  Ox;dD, dDi.

Since the first term is zero (FOC), and the second term is p’ - x; ddg;i, the

condition for non-migration is: c
,dx; dd(,DL) F
leC leC X;i Cji leC leC e

(8)
where sp = % is the cost share of the set-up costs. Because of Shephard’s
Lemma, total differentiation of In ¢/(-) yields®

dinc gy, ~LidlnqL+(qEA+tA)Eidlan dlnc 9)
leC B Xi - Ci leC Xi - Cj leC 8DIC '

For the rate of country-wise difference in total factor productivity we assume

Wgs=——<0 and Wip=-——=>0. (10)

An unit of output, produced by F1 at the lower factor prices in 4, can be
produced in B at lower costs because of higher TFP. An unit of output,
produced by F2 at the higher factor prices in B, will be produced in A4 at
higher costs by the same rate because TFP is lower by that rate. For firm i, the
decision to relocate depends on the sign of the difference in profit, that is,
using (8) and (9),

dinn'  pldx; dlng, dlngg Olnc’
DL eaDy S aD. P api. Dl P (1)

c Galc c o o
where s;, = q;AcL ) SEr = w and s = 2= are the cost shares of labor,

energy and of profit.”
We finally determine the difference in competitor’s output if a firm relo-
cates. With demand p = a — (x; + x») and constant marginal costs ¢; of firm 1

7 Under the assumption of a joint production process, marginal cost of both firms producing in
country A is then

cl (qLA7qEA + tA7D115’ = O) = cz(qL.»(?qEA + tAval = 1) = Cl(qLAquA?tA)

and when producing in country B

CZ(QLBaQEB +1p, D} = 0) = c! (415, 95, + 13, Dy = 1) =: e2(q1,, 954 t5)-
8 The notation gg,, 14, gy, is correct if i = 1 and reads gg,, etc. if i = 2.

° Following Jorgenson and Nishimizu (1978), the productivity term can be calculated as a

residual: ?)IT“(‘ = {flenf - 3 % ddl,‘;—(’“ where 5; are the average cost shares of the two countries.
ZLE
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and ¢, of firm 2 we get equilibrium outputs xj = (a+ ¢, —2¢;)/3 and
x5 =(a+c —2¢)/3. If firm 1 moves to country B, equilibrium outputs
change to X =%, = (a + ¢ — 2¢;)/3 since then ¢ = ¢;. If firm 2 moves to
country A, equilibrium outputs change to X =% = (a + ¢; — 2¢;)/3. Hence
it is

d.X'j 1 1 dC[

—=—(c;i—¢) == -
dD. 3 (¢ ) 3dD,
Therefore, the difference in profits in (11) is:
dinn’  1dInd dinc

"dDL T 3 dD.  dD.

4 d1ngq; dingg dlnc
5 | Sz 7 SEti 7 7 9K
3\’ DL dD. ' 9D

(12)

—Sp = —

since p/ = —1.
There are four possible cases of market structure, illustrated by the
following pay-off matrix:

firm2
D=0 DX =1
nl
D,=0 |n} =
2

Ik
=ny — b

1 2xx 1 _ 2
1 ny =1y —Fi iy =1y —F
firml | Dy =1
k% 2 _ 1
Ty =1y —F

Only three cases could be a Nash-equilibrium in pure strategies because the
case in the lower right hand side corner can not occur because an exchange of
the initial locations can not be of advantage for both firms.

Case Dy = 0,D% = 0: Each firm stays in its own country; i.e., 4Z- <0 for
C

i = 1,2. Differences in competitor’s output, in factor prices net of differences

in TFP, given fixed set-up costs can not motivate the firms to relocate.

Case Dy =1,D%2=0: Firm 1 migrates to B, firm 2 stays in B; ie.,

dn d ?
dD}, > O’dDi = 0.

Case D}Q:O,Dflzlz Firm 1 stays in A, firm 2 migrates to A; i.e.,

dn! dn*
oy = 0457 > 0.

Let us summarize our results. Since the production technology is by
assumption the same, relocation of one firm yields symmetric Nash equilibria
because both firms produce with the same productivity at the same factor
prices. Relocation of both firms is not an equilibrium because after migration
each firm produces at conditions identical to those of the firm which migrated
because of these conditions. It would therefore return to its previous location;
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i.e., it would stay there. Finally, not to relocate yields an asymmetric Nash-
equilibrium.

3. Tax competition without causing relocation

The government of 4 maximizes welfare with respect to an emission tax f4
where welfare is the sum of profit and “environmental surplus” (tax revenue
minus damage DA): '

max wy = 7' (-) +ty- E(-) — DA4(E(")) (13)

where (-) = (Dj, D7), subject to the condition that the domestic firm F1 does
not relocate, i.e. according to (12):

dinn! 4 dlng, dln g’ dint Olnc!
Dl _§(s“ apl, S gpL T gpn T GD}) BRI
(14)
where sz | = qf{*,f', and s, = ;’f]‘ We assume that (14) was satisfied before the

introduction of an emission tax or of a tax increase. The home government
can then raise ¢4, implying d*¢/dDjydt,0, until the cost disadvantage, when
relocating, is exhausted.

It is argued that the drawback of a measure of welfare used here is that it
does not account for possible job losses associated with a partial or total
delocation (Motta and Thisse 1994). I personally would, however, interpret
profit not as a tax base for the government or as an income flow to the
shareholders but positive profits as a signal that a firm exists which creates
jobs. If a firm makes profit abroad, it is irrelevant for the welfare measure to
add a term which represents the percentage of repatriated profit.'" If a firm
delocates, jobs are lost which is more important for the country than lost
profit. Our restriction (14) expresses the interest of governments not to reg-
ulate such that jobs are lost due to delocation. A direct interest in jobs by the
government could be modeled by including the revenue from a tax ¢; on labor
in the objective function. Then the objective of the government is

max wy = () +ta-EC)+tr-qu, - L(-) — DAL(E()). (15)

The monetary weight #; g, could also be interpreted as a shadow price or
political welfare evaluation assigned to an employed person in the industry.

Similarly, government in B chooses 7z to maximize welfare subject to the
condition that F2 stays in B:

max  wg = () 4+t E(-) + 1 - qr, - L(-) — DA(E(-)) (16)

19 In principle, the total value of the objective function has to be multiplied by (1 — D)) because if
the firm moves to B, welfare in A4 is zero.

! See Motta and Thisse (1994). In Greaker (2000), a tax rate on profit is introduced which implies
that a government looses a part of the profit when it allows relocation of its firm. If the firm
relocates, the non-taxed part of the profit is transferred back to the country through the
ownership which still is located in the country.
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subject to
dInn? 4dlnc? 4 dlngp dlIng)
s =—= —sp=—=|s s
™ dD? 3403 P T 3\ apy TP ap
dlnt Olnc
+S[’2E+a—l)i> _SFZ S 0 (17)

Since (14) and (17) are satisfied, i.e., firm 1 stays in country 4 and firm 2 in
country B, D} and D’ are equal to zero in the objective functions (13) and
(16). The government of country 4 therefore maximizes

max wy =p(x1 +x2)x1 —x1 - c1(qr,, qe, + ta)
+ty-Ev+1t-qr, - Ly —DA4(E)) st (14).
and the government of country B'?
mt?x wg = p(x) +x2) X2 — %2 - ¢2(q1,, 9, + 1B)
+tg-Ey+1t-qr, - Lo — DAR(Ey) s.t. (17).

For characterizing the optimum we consider the local Kuhn-Tucker condi-
tions. The Lagrange function for 4 is:

g(l‘A,i) = TCl(xl(tA7tB)7x2(l‘A7tB)7lA) +ty-Ev+tp-qr, - Ly —DAA(E1)+

A _idll’l Cl(l‘A,lB,D}g)_s
3 dD}, il

The conditions for an optimal solution #,, given tz, are (it is ny, = 0, the FOC
of the firm):

(97'[18)62 L1 aEl
g, = 9mon OB vpay) 25
4T o, T gy )5 "
0 4 dIn Cl(tA tBDl)
PR e Dp) |
* atA[ 3 ) S’“}—

It is MDA, = dc%A the marginal damage due to emissions from burning
fossil fuel E. In addition, restriction (14) must be satisfied, i.e.,

12 We could extend, in principle, our model by introducing transboundary pollution or global
pollution. Transboundary pollution implies that foreign emissions also have an impact on
national damage. The damage function from total pollution 7E, (proportional to fossil fuel E) is
DA 4(TE,) where total pollution depends on the level of the pollution-intensive inputs and on the
share of domestic pollution leaving the country and on the share of foreign pollution entering the
country (0<sy <1, 0<usz<1). Hence total pollution is 7E, = (1 —sy4) - E; + sg - E», and
similarly for 7Ep = (1 —sp) - E2 + s4 - E1. For global pollution 7E; = E; + E», i=A4,B. This
extension would add an additional strategic aspect to the ample scope of locational competition,
however, on the cost of more complex mathematics. Since the conclusions of the paper would be
similar (see the strategic trade policy under global pollution (Conrad 1993) and under
transboundary pollution (Conrad 1997), we have dropped this extension.
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4 dlnc!
b= —— <0 19
T3 apL s (19)
Additional conditions are
- L, =0 (20)
A%, =0. (21)

Let us first consider the case when 4 = 0 is a solution. Then the inequality (14)

. . . A . .. 105 .
need not be binding at the optimal tax 7,; i.e., it is —3 MZT(;"B) — 57<0 and

the domestic location is not endangered at #,. The structure of the tax can be
derived from the implicit reaction function (18):

on dx

Dxy 0ty +tL qLA (9[/1
0 E; :
Dty

ts = MDA, —

(22)

This is the strategic tax of the type 4 < MDAA because of
g;‘ <0, g:z >0, ()L‘ < 0 and ()E‘ < 0."3 The sign of az] is in principle
amblguous It is

oL _oL om, oL
8tA78x1 0y (Q)qEA.

If we assume that the negative output effect on labor demand from a higher
tax dominates the positive substitution effect on labor (second term) from the
tax induced increase in energy prices, then JL;/0t, is negative. Computable
general equilibrium analyses in the context of the double dividend hypothesis
have shown that the negative output effect is stronger than the positive
substitution effect even if the tax revenue is used to reduce non-wage labor
cost. Under our assumption of weak substitution between energy and labor,
the strategic effect in (22) is enforced by the concern of the government that
jobs lost due to a lower output level imply less revenue from the labor tax.

If 2> 0, then (21) and (19) (as equation) imply a tax rate ¢ to prevent
migration. Since marginal damage is high, the tax should be high but only
such that the firm is indifferent between staying and relocating. Since ¢; > 0 in
(20), a system of two equations in ¢4 and A has to be solved, namely (14) and
(18) as equations. From (14) follows that the magnitude of the tax is such that
the difference in the tax rates makes up for the advantage in the cost of
production:

Ip — ty dln qr dlnq% Olnc! 3
_ — 23
Sl TS T pr TR Tapr T apn Tt (23)
By solving (23) for ty, we obtain
. dlng; ding} 9lnc' 3
ty =ts+4qg, (SL,l W + g1 4D}, + oD} + 150 ) [ sE1- (24)

13 A tax below marginal damage is well known from the literature (see e.g. Barrett 1994 and
Conrad 1993). From differentiating (6) and (7) totally we know that gj‘ <0 and 3’;2 > 0; a higher
tax reduces the market share of F1.
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Because of our assumption of constant returns to scale, the cost shares are
independent of output x;. If we assume in addition that the cost shares do not
depend on energy prices (a Cobb Douglas production function, for example),
then (24) is linear in ¢4 and ¢z (provided the productivity difference does not
depend on the taxes). From (24) we then conclude, that the higher the energy
tax in country B, the higher ¢4 can be set as an upper limit to prevent relo-
cation. The same argument holds if the prices of labour and/or energy are
much higher in country B. Because of 9 In ¢!/ D} < 0, high TFP in country
B limits the level of the energy tax. Finally, if set-up costs are high, the critical
level of the tax rate can be higher.

By assuming, for example, that marginal damage is high in B, implying in
principle a high tax ¢z such F2 would relocate, we obtain the analogous case
with ¢ as a function of #4, and a 4 > 0. From (17), using d%z =ty —tg, We
obtain 4

i dlngqy ding) 0dlnc* 3
ty =1y +qEB(SL,2 dDi + Sgp dDi + aDi +ZSF2 SE2 (25)

Two types of equilibrium could emerge from our analysis. An equilibrium of
type (i) is obtained if both emission taxes are not high enough to affect
location decisions. The Nash- equilibrium in tax rates (Z4,3) can be found by
solving (22) and the corresponding implicit reaction function for government
B for the tax rates. In order to characterize this and the other types of equi-
librium it might be useful to take a look at Fig. 1. The figure depicts the
reaction functions ¢4 = R4(tg) and t5 = Rpz(t4) and the equilibrium tax rates
(t4,13) at their intersection. Besides this type (i) equilibrium there could
emerge two type (ii) equilibria characterized by a binding non-relocation

A

[5:)

Ra(tg) ,
/ Ip(ta,ty)=0

both firms
produce in ¢

each firm Ta(ta,t)=0
country A

produces in
its home
country

—>
=)

== both firms
produce in country B

a

N
>

t A

Fig. 1. Equilibrium of strategic emission taxes (i4,/3) at tax levels which do not endanger
relocation
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s ¢ both firms Ry(ty) g B(tasts)

producein ~ ___--7
country A __--""

Ta(tast)=0

each firm
produces in
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country

both firms
produce in country B

a

Y | -
t'

. A
ot A

Fig. 2. Equilibrium of strategic emission taxes (tj, z;) at tax levels which make firm 2 indifferent
of staying or of relocating

restriction. These types of equilibrium are characterized by two curves, one
being an indifference condition of the home firm and the other being an
analogous condition for the foreign firm. Let us briefly devote these conditions
Ly(t4,t5) = 0 for (14) as equation and I(z4,25) = 0 for (17) as equation. The
equation I4(t4, t3) thus describes all pairs of tax rates that leave the home firm
indifferent between staying in country A or relocating to country B. Fig. 1
depicts the firms indifference curves. We note that the reaction functions are
meaningful only within the sections between the two indifference curves where
each firm produces in its home country.

From these three curves (I(t4,t5) =0, I5(¢4,t5) = 0, R4(25)) can the best
reply function of the government in country 4 be derived. Under our
assumption, government in A4 restricts the usage of the tax rate ¢4 such that its
firm produces in its home country. The best reply function of government in
A is then given by the curve a; b; ¢; d;. Within the section a;b; [¢;d;] of this
curve the government takes care of the fact that firm 1 [2] would relocate
should the government choose its preferred tax rate. If the government ig-
nores its influence on the location decision of firm 2, then the part b,c; of the
reaction function will have no kink in ¢;. We get an analogous best reply
function for the government in B. If countries are asymmetric, a tax equi-
librium (z4, #3) might occur.

Compared to Fig. 1 we have assumed in Fig. 2 that marginal damage is
higher in country B than in country 4. A Nash-equilibrium (Z4,7z) would
imply a tax rate 7z such that firm 2 relocates. The equilibrium occurs at the
intersection of Ip(t4,¢5) and ¢, = R,(t5) at the tax rates ¢; and #;. The second
equilibrium of type (ii) occurs if we shift R,(¢z) in Fig. 1 to the right such that
the Nash-equilibrium requires a tax rate ¢, which induces relocation of firm 1.
Now the equilibrium occurs at the intersection of Rp(t4) and I(z4, t3).
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We could think in addition of an equilibrium of type (iii) which is char-
acterized by the intersection of the firms’s indifference conditions
Li(t4,t3) = 0 and Ip(t4,25) = 0. This equilibrium could be the outcome of a
situation where marginal damages are high in both countries so that both
governments will set the tax rates to their upper limit. However, this type of
equilibrium fails to exist (each government sets taxes such that its domestic
firm is indifferent between staying and relocating).'*

Let us summarize the features of our two-stage game. The governments
know the Nash solutions of the game of the firms in quantities x, (¢4, #z) and
x2(t4,tp). They compete at the first stage in taxes to control the environmental
externality by mitigating at the same time the loss of market shares to foreign
competitors and by preventing the relocation of its firms. We obtained two
types of equilibrium. If marginal damage does not require a tax which drives
the firm out of the country, then governments set strategic taxes below
marginal damage, the eco-dumping case. Solving the implicit reaction func-
tions (22), 74 = r4(tg), and the analogous function 73 = r3(t4), a Nash equi-
librium in tax rates can be derived. A second type of equilibrium occurs if #4 is
modest and F1 will stay in the country. Equation (22) is then the relevant
implicit reaction function. But in B the tax #z is high and set at a level such
that F2 is indifferent between staying or migrating. The response on ¢ is
determined by Ip (tA, t,*g) =0, i.e. by (25). Solving these two “implicit reaction
functions” for ¢4 and ¢ yields an equilibrium, providing it exists and is
unique.'?

4. A parametric approach to spatial cost gaps

To better understand our approach it might be useful to choose a specifica-
tion of the unit cost function, e.g. a translog function with constant returns to
scale:

Inc' =0y + op, - Dg + (a1 + Brp, - D) Ingr + (o + B p, - Ds) In(gqe + 1)

(el &

where the following parameter restrictions hold for ¢(+) to be homogeneous of
degree one in the factor prices:

o +op =1 ﬁL,DB = *ﬁE,DB' (27)

The difference in productivity W 4 appearing in (9), i.e. the cost efficiency gap
per unit of output, is defined as

4 1n (14) and (17), both written as Ic(z4, t5) = 0, the only tax term is the difference #5 — 74. In (14)

T dlnt_ tp—ty _ Se1(l5—la) i it dlnt_ ty—tg _ _ Sea-(lz—ta) _

it 18 s, D] 7s',,1 PR and in (17)' it is s % 7s,:2 L= RV If tg —t4

solves one equation, it can not solve the other independent equation as well.

15 Our case with indifference, i.e., %d[};‘)f +sp, =0, is characterized in the literature (e.g. Ulph
B

1997) by a level of an emission tax at which it would pay the firm to shut down production. This
ty = T effectively acts as an upper limit on the tax rates.
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1 {8lnc!
W= ( ) . (28)
D=D,

“2\ ap
In terms of the parameters of the cost function this cost gap has the following
form:

1 qL 5 qL 4
W, — _ 1 In{ —£—
B.A = 0Dy +2ﬂL,DB lll (qE t) +In gz +1

This equation has been obtained by differentiating (26) with respect to Dg,
ignoring the fact that Dy is not a continuous variable.'®

Finally, for the firm in country C we obtain from Shephard’s Lemma the
cost share equations

I81ncl

p-p, OD

(29)

C
q
sty =+ Brp, - Ds+ B ln(qE j_ t>
(30)

C
qL
Sgr1 = % + Pgp, - Dp — frrIn <qE mn t>

with C=4 (Dg=0)or C=B (Dp=1).

The joint technology per product in the two countries shows up in the
common f-parameters for the input prices. The a-parameters will be cor-
rected, however, in their levels by the dummy parameters. As prices are
normalized to be unity at the midpoint of yearly (monthly) observations, the
a-parameters can be interpreted as average cost shares or average cost gaps.
The parameter f8; 5, and B, measure the difference in the cost share w;, (wg)
between firm 1 and firm 2 holding prices fixed. For an interpretation as a
measure of the country bias of input L(E), we derive from the cost share
equation the measure

OlnL ﬁL,DH
8L,DB :8—D3: Sil + VVB’A. (31)

&1 p, 1s the rate of change of input L between the firm in country 4 and the
one in country B. If the country bias is labour saving (ﬁLDB< 0), a cost

advantage of country B (WB,A< 0) is higher for input L, namely by the rate
ﬂLﬁDB/sf. The firm (F1) requires less of all inputs at a rate W4, when it

16 The justification for this procedure is the generalization of Diewert’s (1976) Quadratic Lemma
to discrete variables by Denny and Fuss (1983). In order to calculate an index (T6rnquist index)
for the difference in cost, W 4, we employ the basic efficiency accounting equation by Denny and
Fuss (1983):

1 (dInc!
Incg —Incy =3\

dlnec!
oD

>(DB —Dy)

D=Dy

1/dInc!
+2.3 <8lnq,

> -(Ing;, —Ing;,)
i=LE A

where Dy = 0 and hence Dy — D4 = 1. Solving (30) for Wp 4 yields the difference in unit cost, i.e.,
the discrete version of (9) (see Conrad 1989 for more details).

D=D,
dlnc!
s Olng
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relocates to B, however, differentiated by the bias term. If the country bias is
input L using (B.p, > 0), firm 1 uses less inputs when producing in B, but
adjusted upward for input L.

Due to symmetry (i.e. §;, = Bp, ;), the parameter for the country bias
permits the derivation of the change in the gap, if in a bilateral comparison
the average input price g;,j = L, £ changes in (29):

OWsa

0 ln qj — Fibs:

If the country bias is input j saving, i.e. ; 5, <0, then the difference in cost

decreases with the average price of the corresponding input. For firm 2,
located in B, we obtain analogous expressions. Its cost function is

Inc* = oy +ap, (1 = D) + oy + (Brp, (1 — D7) Ing, + oz

1 2
+ Be.o, (1= D) In(ge +0) + 5 Bu <ln (#))

Itis Wp4 = —W, g (set In ¢ in (28)) and in terms of the parameters of the cost

function we obtain:

W, 5 = —op _1/3 ln( qL )B+ln< L >A

y B 2 L,DB qE +t qE “l‘t
The cost shares are:
B
qL
= 1 - D? 1
Spo = o+ ﬁL‘DB( A) + B n(qE n t)

B
2 qL
SEr2 = OF + ﬁE,DB(l _DA) - ﬁLL ll’l(qE + l) ’

We now return to our problem (13) subject to (14) and assume that ¢z is so
low that (14) is a binding restriction, i.e.

dlng; din (qg +1t4) Olnc' 3
1 SEt,] 1 1 + =
D}, dD}; ap. ' 4

Using the equations for the cost shares yields:

qL ding; qr dn(gg + )
1 — B
(aL *Puln ((JE + tA)) dDj, " (aE Pun (‘IE + lA)) dDy,

1 qL B q1 A
- 1 1
+OCDB +2 ﬁL-,DB [n<qE+t> +In qE+t

Using ag = 1 — oy, this equation becomes:

qr dlng
o + In
(L P (qE+fA>> dDj
qL 1 qu
+ 1= (oz+ In —+1pp—t
- (o 250 G ()

1 a \’ a \"
+ ap, + = In +In
» 2%[ (L) +m( 2

SL,1 Sp = 0

3
+ZSF] :0

3
+ZSFI = 0
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If the country bias is labour saving and energy using (i.e. ,,< 0,z p, >0
because of B, p, = —Bgp,) then t4 can be set higher because firm 1 requires
more inputs after relocation, especially of the taxed energy input. If the joint

production process is Cobb-Douglas, then ;; = 0 and 74 has to solve:'’
o dln o d

E (tA—tB)zocL IQL E ql

qre +t4 d Dy qr +1t4 d Dy

3
+ Wp 4+ 257

If fixed costs of relocation are high (sg ), then the tax #4 can be high. If factor

prices are much higher in country B (j[qﬁ >0, jfﬁ > 0 by assumption) then
B

t4 can be high. Finally, if the country-wise difference in TFP is high (0p,< 0
by assumption), #; cannot be set at a high level.

5. A duopoly with multi-location options

We still consider two firms which produce a homogeneous good for the world
market with p = p(x; + x,) as the inverse demand function. They can, how-
ever, choose among n locations where to produce their output level
x;, i =1,2. In that case, firm 1 maximizes

max 7, = p(x; +x2)x; — C! (xl,qL(DfA) qE(Dl )+t (DLA)7D£A)
x1

G
-> DR,

c#A4
where D! , := (D}, DL, ... DL). Similarly, firm 2 maximizes

max 7w = p(x1 + 02 — C2 (2, qu(D2), 44(D2,) +1 (D2,), D2,

G
_ Z Dg P,

c#B

where D? ; := (D%, D2,...,DZ). The firms can produce at any location; if they
produce at home, then D dnd D? ; are zero-vectors. If firm 1 produces at
location F, then D}F =1 and Dl =0 for ¢ # F. Fixed costs F; . differ among
locations because of differences in distance, prices for land or financial con-
ditions. The two FOC are (i = 1, 2):

MR (x1,x2) = ¢(qu(D" ), q3(D" ;) +¢ (D ,), D! )

MRy (x1,%2) = ¢(q(D? ), gz (D ) + 1(D? ), D% ).

The equilibrium output levels can be written as x;(¢(D" ,),¢ (D" 3)). Given the
differences in factor prices, governments in 4 or B can influence profit,
market share and location decision by choosing #, knowing the difference in

regional tax rates, i.e., t(D" ) =14+ >, (t. —t4) - D.. Similar to (8), the

7y
non-migration condition is, e.g., for firm 1:

17 Written in cost shares, this equation is identical to (24).
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dﬂ] dx2 d 1 1 1 1
dDIC :p/ le _ch[ (C (qL(D—A)qu(D—A)vD—A))
F.
- <0Vvce{BCD,.. .}

1

(32)

Since we consider a situation where firm 1 produces at location 4 and firm 2
at location B before the home governments consider to raise taxes, the
inequality in (32) holds for all ¢. The margin for a tax increase is given by the
smallest decline in profit to all regions. Let F be the region where the decline
in profit is smallest, i.e. the likelihood for relocation is highest. The objective
of government A is now:

max wy =px1+x2) —x1-c(qr,,qe, +t4) +ta-E1+ 1t -qr, - L1 — DA4(E))
A

subject to
dn' p dx; dIn g dlIng)
7= 1 57 5L — Sl — St
dD!~ cldapL "' dDL dD.
dlnt Olnc
- <0. 33
aDL oD, = (33)

In an analogous way, let region G be the region where the decline in profit is
smallest for firm 2. Therefore, D? in (17) has to be replaced by D2.

We conclude that the implicit reaction functions for the tax rates do not
change if the relocation restriction are not binding. If one restriction is
binding, e.g., (32), then 7, = #(¢¢) follows. The tax rate is independent on 7 if
Fis not country B. Environmental policy in country F where the competitor is
not located at determines the tax rate. This tax rate influences x;(¢4,7), but
strategic tax rate 7z is not strategic any more because 7z has no impact on the
environmental policy of country 4.

6. Eco-dumping to attract the foreign firm

We finally depart from the assumption that governments want to maintain
the market structure. Government 4 compares welfare in country 4 along
the curve a; by ¢; d; in Fig. 1 with welfare of country 4 if no firm or if both
firms stay in country A. The government may then switch from the curve
ay by ¢; dy to tax rates that lie below I4(t4,23) or above Iz(z4,15) = 0 . Since
this may cause jumps in the best reply correspondence so that possible no
equilibrium of the tax competition game may exist (see Hiibner for an
example), we assume that economic and environmental conditions are such
that it is the best strategy for government A to attract both firms to produce
in country 4. If countries differ in marginal damage, the country with the low
marginal damage might set a low emission tax to make it profitable for the
foreign firm to relocate. The government of country A4 could choose a level of
t4 such that

S d In n! 4 d In c'(-,D})

n! = 5 i~

dD, 3 4D}

—sp <0 aswell as (34)
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dInn®  4dInc*(-,D})
dD> 3 dD?

i.e., F1 stays within the country and F2 decides to relocate, given ¢z in country
B. If ¢, is such that both inequalities hold, the market structure is a duopol
producing in A. The inequality conditions are equivalent to (14) and (17) with
the inequality sign, given in (35). If these inequality conditions are satisfied,
both firms produce in 4 and the welfare maximizing problem of its govern-
ment is:

max wy = phx1() +x20)] [x1 () +x2(°)]

S

—Sp > 0, (35)

—xi()-¢! (-D}; =0) —x2(") -cz(-DfI =1)
+ia- [E1() + E2()] + 1 qu [Li () + La()] = DA4(EN () + Ea())

where (-) = (D} = 0,D5 = 1). Under the assumption of a joint production
process, we get a symmetric duopol in country A:

mtax wy = 2(}7[2)&?1 (IA)] 'JC](IA) — X1 C() +ty-E +1 - qr, -Ll) — DAy (ZE])
A

(36)
subject to (34) and (35). The Lagrange function for the Kuhn-Tucker con-
ditions is:

L(tA7)\.,M) = 2(7‘51()61(1‘,4),1,4) +t4-Ev+1-qr, -Ll)
— DA4(2E}) + 2[(28)] — l(29)).

The condition for an optimal tax ¢4, given ¢z in (34) and (35), is:

LtAzz'tA %‘FZZ‘L'QM%_MDAA' 2%
0y 10ty 0 iy
9 9 (37)
) e <
g 34— [35) <0
L, =[(34)] <0 (38)
Ly=—[(35)] <0 (39)
and
t4-L,=0, A-L;=0, u-L,=0. (40)

There are four possible solutions:

The case 4 = 0, u = 0 implies that marginal damage is (seen to be) low in
A. The tax t4 is low and both firms will produce in A, given ¢z. The tax
follows from (37), i.e., MDA is adjusted downwards by the job creation
aspect:

L

L 9L 3q,
JE;
0ty

t4 = MDA, — (41)
If we had dropped this aspect, ¢4 would have been a first best Pigou tax. The
intuition is that the tax corrects the environmental externality, and other
externalities like relocation of domestic firms or attracting foreign firms
require no additional policy aspect. Since both firms produce in one country,
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there is no need for additional eco-dumping in order to gain market shares on
a third market.'®

In case of 4 # 0, u = 0, marginal damage is high in 4 and so is 4. The tax
follows from (24) which is equivalent to (34) as equation and makes F1
indifferent with respect to its location decision. F2 considers #4 as low com-
pared to 7 and relocates. This case implies that the I¢(#4,73) = 0 curves must
intersect in the (z4, f)-space.

If .=0, u#0, F1 considers #, as low and will not migrate. If 7, is
compared to g, however, F2 has to be attracted by a lower tax than ¢, which
follo%s from (35) as indifference condition, i.e., from its equivalent condition
(25).

Finally, if 4 #0, u# 0, 74 has to solve simultaneously (34) and (35) as
equalities. Environmental damage matters in 4 but not so much in B. The
upper limit for ¢4 is to achieve indifference for the domestic firm (¢4 from (34),
i.e. from (24)), and disregard the idea to attract the foreign firm.

It is obvious that a tax competition between the two governments to
attract both firms would imply the indifferent solution for both firms, i.e. #,
and 7z have to solve (34) and (35) as equalities. This outcome implies that
each firm stays in its home country.

5. Summary and conclusion

Whether a firm wishes to relocate or to invest abroad depends, among other
things, on the framework which is provided by the government.®* To a
certain extent, governments are able to keep mobile factors of production at
home if those factors can be attracted from abroad. The purpose of this paper
has been to outline an analytical framework which captures the full scope of
locational competition. Cost differences, one of the reason for migration of
firms, result from differences in factor prices, including differences in the tax
system (e.g., capital or non-wage labor cost), in human capital, in R&D
expenditure, in infrastructure services, in public goods and, finally, in total
factor productivity. If cost differences are small, locational competition
controls excessive government power. In that case, a country with strict
regulation and high tax rates will suffer from its politics. We have modeled
locational competition by assuming that governments have a vital interest to
keep mobile factors of production at home. We represent this aspect by
restricting the level of the environmental instrument such that it will exhaust
at the utmost the cost difference to a competing country. If cost differences
are significant, then threats to relocate are not credible, i.e. there is no binding
restriction for the cost-benefit calculus of a national environmental policy. In
that case the government will tax according to marginal damage, but adjusts
this tax rate downwards to shift profit from the foreign to its domestic firm in

18 Note that there is no tax game between the governments because the government of B is passive
and sticks to 7. The tax in (41) does not depend on #3. Therefore (41) is not the reaction function,
depicted in Fig. 1, but a vertical line with 7 beyond Ig(t4,15) = 0.

19 Since indifference is not enough to attract F2 if it has already set up a plant in B, has to be
somewhat below the indifference level.

20 See Siebert (1999) for aspects on locational competition.
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addition to maintaining labor income of its residents under the lower eco-
nomic activity. If small cost differences do not allow taxation according to
marginal damage, then locational competition restricts the scope of action of
the government and a relocation indifference restriction is used to exhaust the
possibility of at least a small environmental tax. Our approach to locational
competition was based on the consideration that governments are not inter-
ested in inducing mobile factors to leave the country. By this assumption we
circumvented the fact that physical capital is completely mobile ex ante when
capital is not yet embodied in machinery, but it is almost immobile ex post.
Our plan for future research is to model mobility of new capital, i.e. invest-
ment, while running the domestic plant without reinvesting in machinery.
This aspect implies increasing returns to scale of the new, but small, foreign
plant and requires a more complex analysis. However, before one starts with
such an approach, empirical investigations should indicate that firms really
set up plants in foreign countries because of a strict environmental regulation
at home.
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