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Part I

Introduction

Why should countries or regions compete to attract firms? Why they should enter in
a ”subsidy tournament” or start building costly infrastructure to boost investment in
their territory? More generally, is regional competition really welfare enhancing?

These questions are rampant in the popular press, especially in Europe where the
emergence of the European Market has drastically increased the mobility of both pro-
duction factors and final goods. These issues have been by addressed in the economic
literature from three distinct starting points: strategic trade literature, literature on
capital income tax competition and the ”new economic geography” in which most of
the models surveyed are rooted.

In the strategic trade literature, countries compete against each other in order to
attract foreign investors. The output market is characterized by increasing returns
to scale and imperfectly competitive markets. In general, firms are immobile and no
locational externalities are considered. Following a standard model, Helpman and
Krugman (1989) among others show that governments might intervene to increase
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national welfare. Export subsidies transfer profits from foreign firms to the domestic
economy. But since all the governments have the same motivations, this ”subsidy
war” will become uncontrollable and collectively wasteful. However the countries
would increase their surplus if they were able to commit themselves not to use sub-
sidies.

The same problem is at the heart of the literature on capital income tax compe-
tition. Firms react to capital tax differentials and relocate to the country or the re-
gion with the lowest tax. Equilibrium is characterized by excessively low levels of
taxation because governments have an incentive to undercut each other taxes and
because they do not take the fiscal externality into account. That is, a tax increase in a
region would shift capital to the other regions but this positive externality is not con-
sidered by the self-interested government. Although the similarity with the strategic
trade theory is obvious, capital tax competition rests on a different set of assump-
tions: firms are mobile and the output markets are generally perfectly competitive.
In addition, no ”clustering” effects are incorporated.

In the New Economic Geography1, the degree of spatial agglomeration of eco-
nomic activity is the result of a trade-off between agglomeration (“centripetal” forces)
and dispersion forces (“centrifugal” forces, for instance congestion). Traditionally
one distinguishes technological from pecuniary externalities as agglomeration fac-
tors. The first ones are linked to the exchange of information (face-to-face commu-
nication, Saxenian (1994)), or to strictly spatial dimensions (access to intermediate
factors and market size). The second ones rest on interactions rooted in the market
mechanisms and in the prices established therein. A second classification rests on
the distinction between localization economies associated to firms of a same sector
(intra-industry spillovers) and urbanization economies which apply to firms across
industries (inter-industry externalities).
In all cases, the growth of an urban center rests on a cumulative growth process where
various degrees of agglomeration factors combine themselves. One can illustrate this
mechanism with an example related to a production externality (Ottaviano and Puga
(1998)):
Suppose that a multinational wishes to set up its plant in one region. How does this
affect the profitability of the local firms? The presence of one more firm will increase
competition in the product and labour market of the region hosting the firm, thus
tending to reduce local profits. However, the rise in the number of local varieties and
the increase in labour demand and wages tend to attract more workers. This increases
local expenditure (a demand linkage) and relaxes competition in the labour market,
and thereby tends to rise local profits and to attract more workers. This result highly
depends on the level of economic integration. The lower the transportation costs be-
tween the regions, the larger the localization externalities.
The extent, as well as the direction, of the cumulative growth mechanism suggested
by the preceding scenario depends largely on the actions of public authorities. There-
fore, an effective development policy must favour the development of the centripetal

1For a general overview of the subject, see Fujita, Krugman and Venables (2001) and Fujita and
Thisse (2002). Simonis (2002) provides a survey of the literature of the New Economic Geography.
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forces (for instance, developing a pool of skilled workers through an efficient educa-
tion policy) while monitoring the centrifugal forces (linked for example to the con-
gestion, to the lack of infrastructure). Local public authorities must play the role of
local planners while offering the optimal ”menu” of local public goods (as described
by Tiebout (1956)).
Furthermore, the way agglomeration forces combine themselves differs from one
case to another. Therefore, spatial agglomeration is almost universal as to its essence,
but very diversified as to the form under which it realizes itself.
In most models presented in this survey, spatial externalities will play an explicit and
crucial role in explaining the effects of the policies implemented by the regional gov-
ernments.

The objective of this survey is to review recent papers dealing with the location
of firms. They focus on the competition between national or regional governments
in order to attract investment. These governments have several policy instruments
at their disposal. We will examine three of those: taxes/subsidies, infrastructure and
education.

But first of all, to what extent such policies really exert a significant influence on
the choice of location of firms?
We review hereafter three empirical studies. They differ by the period studied and
by their object of analysis, but they all try to determine the factors influencing the
localization of FDI. The table below summarizes the different variables used and their
proxies and indicates the sign of their impact on the location of FDI.
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Variables Proxies Sign
Coughlin Head Wheeler

et al. et al. et al.
Number of potential sites Land area +

State per capita income + not signif.
Market demand Adjacent state income not signif.

Manufacturing density +
Infrastructure quality ++

Agglomeration Benefits Degree of industrialization ++
Level of foreign investment ++
Wage rates - + +

Labour market Unionization rate + +/-
characteristics Legislation -

Unemployment + +
Corporate taxes - - +
Labour subsidies +
Capital subsidies +
Free trade zone +
Promotion expenditures +
Transportation facilities +
Risk +
Openness -

Coughlin, Terza and Arromdee (1991) look at the relationship between state char-
acteristics and the location of foreign direct investment (FDI) within the United States
for the period 1981-1983. They find that FDI increases with the number of host-sites
available as well as with market demand, promotion expenditures and transportation
facilities. Note that the positive sign of manufacturing density indicates that agglom-
eration economies matter for the location decision of foreign firms. The unionization
rate, reflecting the productivity of workers, and unemployment, measuring workers’
availability, have also a positive influence on FDI. On the contrary, high wages and
taxes deter foreign investment.

Head, Ries and Swenson (1999) study Japanese investments between 1980 and
1992 to assess the effectiveness of US state promotion efforts in light of strong agglom-
eration effects in Japanese investments. These ”national” clustering forces comprise
among others, the presence of Japanese amenities, the availability of skilled work-
ers and factors suiting their own production technology. Contrariwise to Coughlin
et al. (1991), Head et al. (1999) find that higher wages attract Japanese firms, re-
flecting a better skill composition, and that market size effects are not statistically
significant. They observe that policy instruments, namely the provision of free trade
zones, lower taxes and job-creation subsidies, really exert a positive influence on the
location choice. However, these state promotional policies tend to offset each other as
predicted by the tax competition literature. But unilateral withdrawal of promotion
would cause individual states to lose substantial amounts of investment. In sum-
mary, state governments face a prisoner’s dilemma: on the one hand, multilateral
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removal of promotion policies slightly decreases investment but increases welfare
because of less expenses, but on the other hand, unilateral removal would induce
relocation of the firms to other states.

Wheeler and Mody (1992) focus on manufacturing investments by US multina-
tionals in the 1980’s. Their results show that agglomeration economies, self-reinforcing
after a certain point, are the dominant factor of the investor’s locational choice. By
contrast, short-run incentives seem to have a limited impact. The findings of Wheeler
and Mody (1991) contrast with the two studies above because they fail to find clear
evidence that high taxes reduce investment. They conclude that high-cost subsidy
tournaments are unnecessary for countries or regions with good infrastructure de-
velopment, specialized input suppliers and an expanding domestic market.

Corporate taxes are the one fiscal element common to most studies of investment
location. In general, tax rate is shown to have a positive impact on the choice between
locations (not on the choice whether to export or move production). For Devereux
and Griffith (1998) an increase of 1% of the effective average tax rate decreases by
1,3% the probability of US multinationals to settle in the UK. Hines (1996) arrives to
the result that a tax increase of 1% would reduce investment shares of investors who
cannot claim credits in their home country by 10%.
Agglomeration economies as well as labour market characteristics seem also to play
a significant role.

Recently, Cushman & Wakefield Healey & Baker (2002) conducted a survey on
Europe’s major business cities. The study examined the issues companies regard as
important in deciding where to locate, and compared how Europe’s leading business
cities perform on each issue. We reproduce here the answers to the question: how
important to your company is each factor when deciding where to locate?

2002 2001
% %

1. Availability of qualified staff 59 55
2. Easy access to markets, customers or clients 57 58
3. Transport links with other cities and 51 51
internationally
4. The quality of telecommunications 46 45
5. The climate governments create for business 34 32
through tax and the availability of financial
incentives
6. Cost of staff 32 31
7. Value for money of office space 30 29
8. Availability of office space 27 27
9. Ease of travelling around within the city 21 22
10.Languages spoken 20 19
11.The quality of life for employees 18 15
12.Freedom for pollution 12 9
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Do local governments, when achieving policies influencing these factors, actually
attract business in their regions? In the remainder of the paper we will have a closer
look at the theoretical answers to this question for the factors number 5; 2 and 3; and
1 respectively. Beside the fact that these factors appear at the top the table, the reason
of this choice lies in the nature of the profits of the firms. Indeed, their profits, and
more precisely their costs, comprises mainly three components: taxes, set-up costs
(like infrastructure costs) and labour (whose productivity is affected by its education
level). The objective of the regional policies is thus to make sure that these three
components are competitive in order for a region to be attractive to the firms.
Notice that this survey is not meant to be exhaustive. Rather, we have selected those
papers which seemed most exemplative of the various ways in which such regional
policies can be approached.

The survey is organized as follows. Part 2 describes the mechanisms at work
when regions compete in taxes or subsidies. In part 3 we look at the location choice
of firms when the quality or the level of infrastructure varies between regions. Part 4
focuses on education and training.

Part II

Tax competition
1 The reference Model

This model will provide a benchmark to most of the studies surveyed in this part.

The environment

The economy consists of two countries labelled i ∈ {A, B}. There is one time
period, and one foreign-owned monopolist.
The following two-stage game is played:

1. Governments simultaneously choose their tax or subsidy level, then

2. The firm chooses its location of production and production takes place. Note
that the fact that the firm does not divide its production between two locations
implicitly means that it faces increasing returns to scale.

We work backward to determine the Nash equilibrium2.

2For an introduction to Game Theory, see Fudenberg and Tirole (1991).
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The firm

Each firm makes a private profit from investing in a particular country. We denote
by Πi the multinational’s profit when it decides to settle in country i . The general
profit function of the firm is written Π = πi(φ) − F − Ti where φ includes whatever
locational externality: market size, vertical linkages, technological spillovers, trans-
portation costs,... . When the firm builds its plant in country i, it incurs a fixed set-up
cost F and pays a tax (T > 0) or receives a subsidy (T < 0) from that country. Notice
that here T is a lump-sum tax but it could be a profit tax.
The profit-maximizing firm will be indifferent between locating in region A or B if at
equilibrium Π∗

A = Π∗
B, that is if TA − TB = πA − πB. This difference in taxes is called

”tax premium” and denoted by Γ. A positive tax premium means that country A can
charge a higher tax and still leave the firm indifferent between the two locations.

Governments

Government i’s welfare is denoted W j
i when the multinational chooses to locate

in country j. We have separable utility functions of the type W i
i = V i

i (φ) + Ti and
W j

i = V j
i (φ). This payoff function Vi may be quite general in character: it may in-

volve consumer surplus, locational externalities, changes in whatever rents to exist-
ing firms that are internalized within the governments’ objective function. In short,
anything the governments care about. We assume that each government has suffi-
cient resources to cover its willingness to pay for any investment profile relative to
its worst profile. This will guarantee that governments will not be financially con-
strained in the subsidy game. However, a ”fiscal race to the bottom”, although finan-
cially possible, has a negative impact on the welfare of a region.

Equilibrium subsidies

The regional government will be able to offer a subsidy or charge a tax until its
welfare when hosting the multinational equals its welfare when importing the firm’s
products from the other region, that is, until W i

i = W j
i . This gives the minimum tax

(or maximum subsidy) bid, T̂i, region i can make in order to attract the MNE. This
minimum threshold gives an idea of the competitive advantage of a region relative
to the other, when it lies below.
The combination of this minimum tax with the tax premium will give the equilib-
rium tax schemes. For instance, if Γ is positive and T̂A > T̂B, region A will attract the
monopolist even if its tax level is above that of region B.

2 Tax competition between symmetric countries

In this section there is no difference per se between countries either in endowments,
size, technology, or any other country-specific variable that may predetermine how
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taxes are set in the Nash equilibrium. Intuitively, if regions are symmetric, there is no
reason for a firm to locate in one region rather than another.

2.1 Without externalities
Janeba (1998) combines elements of strategic trade policy and capital income tax com-
petition. That is, he builds up a model in which the output market is imperfectly
competitive and firms are internationally mobile.
By contrast with our reference model, the firms are initially located, one in the home
country, the other in the foreign country and they produce a homogeneous good sold
in a third market. There is indivisibility in production: firms will respond to a tax
differential by shifting production completely to the more favourable country.
Governments impose profit taxes on income generated in its own country (source
taxation). An another assumption Janeba makes is that each firm’s cost function is
independent of its own and its rival firm’s location decisions. That is, no externality
of any kind will come to play.
The firms maximize their profits which only depends on their own and the for-
eigner’s output: Πi(qi, qj) = πi(qi, qj)− TiRi(qi, qj) where πi(qi, qj) = Ri(qi, qj)−Ci(qi)
and R and C are respectively revenue and cost functions of the firm.
The government’s welfare is defined as the sum of producer surplus of the domestic
firm plus tax revenues collected:

(a) W i,i
i = πi(qi, qj) + TiRj(qi, qj) if Ti < Tj

(b) W i,j
i = πi(qi, qj) if Ti = Tj

(c) W j,j
i = πi(qi, qj) − TjRi(qi, qj) if Ti > Tj

Since there are no location-specific differences, the firms will always locate in the
low-tax country. That is, if the home country offers a higher subsidy it will attract
both firms, of which one is owned by foreigners. But this will decrease its direct
tax revenue since a subsidy is given to foreigners. Hence, the usual subsidy race
changes into a ”subsidy-avoiding” race and no subsidy will be allowed at the equi-
librium. Similarly, there is always an incentive for the governments to undercut its
neighbour’s tax and therefore an equilibrium with positive tax rates can never exist.
As a consequence, the only subgame perfect equilibrium of the game is laissez-faire
(T ∗

i = T ∗
j = 0).

2.2 With externalities

Kind, Midelfart Knarvik and Schjelderup (2000) and Haaland and Wooton (1999) an-
alyze the effects of tax competition for internationally mobile, profit-making firms
when the location of a firm causes spillover effects in the independent, potential-host
countries.
In these two general equilibrium models the essential reason why governments try to
attract internationally mobile firms is the existence of vertical linkages between the
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production of the monopolistic firms and the producers of other goods in the host
country of investment.

Kind et al. (2000) provide a general equilibrium model where capital, goods and
firms are internationally mobile. The model, inspired by the new economic geogra-
phy, considers two symmetric countries with transport costs on trade flows between
them. Two sectors are represented, agriculture and manufacturing. The latter uses
two inputs: labor which is immobile between countries, and capital. Capital exports
from one country to the other implies factor movement, but not migration of pur-
chasing power, since income from capital is assumed to be consumed in the owner’s
country of residence. The manufacturing sector is subject to increasing returns to
scale. This will lead a firm to locate its production in only one country, from which
it exports. But the migration of one single firm intensifies competition in the product
and labor markets thus tending to dampen profits. This centrifugal force is how-
ever counterbalanced by the fact that the existing firms will no more have to pay
transport costs on their purchase of intermediates from the new entrant. In addition,
the domestic demand for intermediates in the host country will increase since the
pool of firms has grown. These cost and demand linkages are self-reinforcing, and
may dominate over the market competition effect and give rise to agglomeration of
manufacturing. Notice that the agglomeration effect is only relevant for intermediate
values of transport costs.

Kind et al. focus on two situations: capital and firms may either, ex ante, be
concentrated in one single location, or they may be evenly spread between the two
countries. Let us examine the first case in the spirit of our reference model. Sup-
pose manufacturing is concentrated in country i. Its government compares welfare,
defined as the utility of the representative consumer, W i

i (η) with W j
i (τ, η) which de-

pends negatively on trade costs τ and size of industry linkages η. This comparison
defines the lowest tax rate (T̂i(τ, η)) that country i is willing to levy to keep its firms
agglomerated. Similarly, as firms do not have to find it profitable to relocate to the
other country, there is an upper bound on the tax rate (TMax

i = Tj + Γ(τ, η)). The
optimal taxation will lie in this range depending on the parameters’ values.
To conclude, if one of the countries already hosts an agglomeration advantage, it will
be able to levy a positive tax on mobile firms in equilibrium, even if it benefits from
the investment. This result is due to the pecuniary externality described above. In-
deed, since agglomerated firms are more competitive, they are able to pay a higher
price for each unit of capital without making losses. This means that even if capital
can move costlessly between countries, the supply of capital is not perfectly elastic.
In other words, the total amount of capital will not fly away from one country to the
other in response to price differentials and this makes an agglomerated equilibrium
sustainable.
In the symmetric equilibrium, the countries will equally subsidize capital.

Haaland and Wooton (1999) examine the economic justification for providing in-
vestment subsidies to foreign-owned multinationals. They argue that these provide
employment opportunities and generate demand for domestic intermediate inputs
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produced by domestic firms.
They use a general equilibrium model in which the monopolistically competitive
domestic intermediate goods sector sells its production exclusively to the foreign-
owned multinationals. The latter are perfectly competitive and they provide knowl-
edge spillovers to the domestic firms. In addition, there is a traditional sector.
Agglomeration benefits to the multinationals because of the domestic spillovers: the
higher is the domestic market size composed of immobile domestic producers and
mobile multinationals, the lower are the costs of production of intermediate inputs.
But agglomeration will also increase wages on the domestic labour market and this
acts as a deterrent.
Formally, we solve the following two-stage game: first, governments of the two coun-
tries set simultaneously non-discriminatory subsidy levels and then, multinationals
choose their location.
If spillovers are high, then multinationals will agglomerate in only one country. But
the ”subsidy war” will be too fierce to leave the host country with a net benefit. On
the contrary, if the general equilibrium effects overcome those spillovers, then a di-
versified equilibrium will appear. That is, the multinationals will be evenly spread
between both countries. Notice that incentives to subsidize are still present, depend-
ing on the parameters of the model.

3 Tax competition between asymmetric countries
In this literature, countries differ either by their exogenous wage level, their level
of technology or their size. The main lesson is that taxes in general are non-zero in
the tax competition equilibrium, and that countries may subsidize capital if there are
positive externalities from attracting capital (which is not the case when the countries
differ only by their size). Intuitively, the more a country is a priori at a disadvantage
compared to the other one (in terms of technology or unemployment), the higher the
positive spillovers it can gain from attracting the multinational. As a consequence,
the subsidy the depressed region is willing to offer will easily outweigh the other’s
bid. Hence, the depressed region attracts the FDI and catches up to a certain extent.

3.1 Wage
Haaparanta (1996) looks at the effects of subsidies on the allocation of an exogenous
investment level across countries. He investigates a subsidy game between two coun-
tries or regions which seek to attract inward foreign direct investment (no export pos-
sible) in order to alleviate domestic unemployment. In this model, differences in the
exogenous national wage levels provide countries with unequal incentives to subsi-
dize capital in order to lower unemployment.

The multinational must divide its production between the two locations and gov-
ernments pay a subsidy which depends on the amount of capital invested. Solving
backward the two-stage game implies solving first the maximization problem of the
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firm:
MaxΠi = πi(Ki, Kj) − Ti(Ki) − Tj(Kj) (1)

where πi(Ki, Kj) = ΣR(qiSi) − ΣwiLi − r(ΣKi) and qi = F (Ki, Li). That is, the
firm’s revenue depends on the investment in each country (Ki), labour (Li) and mar-
ket size (Si).

In the first stage, governments maximize welfare which is defined as the labour
income of their residents minus the subsidy (Ti < 0), anticipating the investment de-
cisions of the firm:

Wi = wiLi + Ti(Ki) (2)

Since wages are fixed exogenously in both countries (creating unemployment),
governments are only concerned with the employment effects of FDI.

Results show that subsidy competition alters the multinationals’ location deci-
sion with respect to the no-subsidy case. Higher wage countries will treat FDI more
favourably by adopting larger subsidies.

The model presents rather limited results due to the fact that spatial externalities
are ignored. Indeed, Haaparanta (1996) treats only the impact of technology on tax
competition and for FDI between two countries. FDI has no impact on other sectors
of the economy. Results then depend on the nature of the technology, and in particu-
lar on the elasticity of substitution between labour and FDI.
In addition, centrifugal forces like transport costs are not incorporated into the model.
Hence, differences in market size do not affect the location decision of the multijuris-
dictional firm and are thus inessential for the optimal tax policies.

3.2 Technology
Fumagalli (2002) investigates tax competition for multinationals between two coun-
tries which differ in terms of technology levels.
These countries or regions host one local firm, and compete to attract the manufac-
turing plant of a producer from a third country (the MNE). The MNE’s problem is
whether to build a plant in one of the two regions (and if so, in which one) or to ex-
port from its country of origin. In the former case, it has to bear trade costs which are
the same for serving both regional markets, while in the latter case, it incurs a fixed
set-up cost. Note that there are no transport costs between the two regions.
When locating in a region, the MNE determines a positive externality in the form of a
technological spillover: the local firm gains partial or total access to the MNE’s tech-
nology so that its production costs are lowered. The intensity of this positive spillover
naturally depends on the level of technology in the region. That is, the larger the tech-
nological gap between the domestic and the foreign firm, the larger the efficiency of
the spillover for the local producers at home.
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Two cases can arise:

1. the MNE exports and its profit equals ΠE
M = πE

m(ci, cj, τ) where ci are the pro-
duction costs of each local firm and τ represents transport costs.

2. the MNE invests in region i and its profit is ΠIi
M = πIi

M(ci, cj, φ)−F − Ti where φ
is the technological spillover.

For the multinational to be indifferent between country A and country B, the de-
pressed region B must compensate its technological lag by offering a subsidy pre-
mium, Γ ≡ TA − TB > 03. But it has also to ensure that investment is at least
as profitable as exporting. That is, it has to offer an ”investment tax premium”,
Ωi = ΠE

M − πIi
M , which is increasing in F and in φ.

The corresponding welfares of region i, are defined as

1. If the MNE exports

WE
i = V E

i (cj, τ) (1)

2. If the MNE invests in region i

W i
i = V Ii

i (ci, cj, φ) + Ti for region i (2)
W i

j = V Ii
j (ci, cj, φ) for region j (3)

where V is defined as the sum of consumer surplus (C) and profits of the local
firm (P ).

When the MNE switches from exports to FDI, trade costs are saved and competition
in the integrated market intensifies. All consumers, wherever resident, benefit from
this via lower equilibrium prices (CIi

i = CIi
j ). Conversely, local firms suffer from the

competition effect. Given the local nature of the spillover, the firm operating in the
region where the MNE invests contrasts the competition effect with the technological
upgrading, while the other firm definitely suffers from a negative externality when
FDI replaces exports (P Ii

i > P Ii
j ).

As usual, T̂A and T̂B denote the maximum subsidy bid that each region is will-
ing to offer to lure the multinational away from the rival location. Both are negative
and decreasing in the intensity of the spillover. The depressed regions will win the
auction iff it benefits so much from the FDI that the maximum subsidy it can offer
exceeds the one of the other region plus the tax premium, that is, T̂B > T̂A − Γ.
If the technological spillover is sufficiently strong, the less advanced region always
succeeds in winning the auction. Otherwise, the MNE will locate in the depressed
region iff the technological gap between the two regions is sufficiently high.

3Recall that T > 0 denotes taxes.
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The intuition is that the benefits from the spillover are so much higher for the de-
pressed region than for the other region, that the subsidy offered by the depressed
region can easily outweigh the other’s bid.
In the no-export case, the MNE invests in the more advanced region in absence of
subsidies because the reduction of the local production costs induced by the tech-
nological spillover is lower and thus the local firm becomes a less fierce competitor
(Γ > 0). The introduction of subsidies will increase welfare of the technologically
behind region by switching the MNE’s location. The other region’s welfare decreases
but the net effect is not necessarily negative depending on the technological gap.
In the case where the MNE exports in the absence of subsidies, the latter will have
two effects. First, they will attract the MNE in the integrated region. Second, they
will intensify competition. Although this is beneficial to all consumers, the detrimen-
tal impact on local firm can offset any other positive aspects of subsidies.

3.3 Size
Haufler and Wooton (1999) discuss the case of tax competition between two countries
of unequal size (i.e. population) to attract the investment of a single foreign-owned
multinational (no export possible).
The existence of scale economies in production combined with transport costs will
give the MNE an incentive to locate in the larger country. The latter, given its larger
market (”home market bias”), is able to attract the firm with a lower subsidy and
therefore always win the ”subsidy tournament”.

We limit our analysis to the case of exogenous transport costs, independent of the
direction of trade.
Profits of the firm depend on the countries’ size (SB = 1, SA > 1), level of transport
costs and producer price:

Πi = πi − F − Ti for FDI in country i
where πA = (pA − w)[SAqA(pA) + qB(pA + τ)],

πB = (pB − w)[qB(pB) + SAqA(pB + τ)] and
qi denotes consumption of the manufactured good in country i .

Note that the firm can charge a higher producer price when it settles in the larger
country (country A) because it avoids the majority of trade costs and enjoys scale
economies, Π∗

A > Π∗
B for TA = TB. This locational preference means that country A

may fix a higher tax or a lower subsidy for the firm to be indifferent between the two
locations (Γ = TA − TB > 0).
In order to maximize the welfare of its representative household, each government is
prepared to offer a subsidy in order to save transportation costs. Surprisingly, coun-
try A will always be willing to offer a bigger subsidy than the smaller country B ,
T̂A < T̂B < 0). However the per capita costs of the subsidy are smaller. Combining
these two results, country A only needs to slightly overcut country B’s subsidy to
attract the multinational, that is, T ∗

A = T̂B + Γ.
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When differences in country sizes are considered, the tax or subsidy competition
does not change the investment profile which would have been settled in the no-
subsidy case: the foreign-owned monopolist always chooses to locate in the larger
market. That is, competition has no positive effects and merely results in a waste of
resources.

Like Haufler and Wooton (1999), Barros and Cabral (2000) investigate the choice
of location of a foreign-owned multinational between two countries of unequal size.
Here, these countries also differ by their level of unemployment, that is the shadow
price of labor is lower in the smaller country. As a consequence, the employment
gains that this country can extract from FDI are higher than for the larger country.
The ”winning” country will thus result from the interaction of these two factors: rel-
ative country size and employment gains.

The foreign firm’s profits in each possible location are a function of each country
size (S), government’s subsidies to its marginal cost (T ≤ 0) and transportation costs
(τ ), that is, Πi = πi(Si, Sj, Ti, τ) − F . Comparing its profits in each possible location,
the foreign firm will locate in country A if the tax premium defined as TA − TB is
positive, that is, if Γ(τ, SA

SB
) > 0 where both first derivatives are positive and SA

SB
> 1

is an index of the relative size of the two countries. In other words, Γ represents the
locational advantage that country A has over country B. This advantage rises with
the relative size: the larger country A relative to B, the more country B ’s subsidy will
have to compensate for this locational ”bias”. Also higher transportation costs favor
the larger country.
Each country’s objective function is total domestic welfare. Specifically, the welfare of
country i when the monopolist locates in country j is simply given by its consumers’
surplus, W j

i (Si, Tj, τ). If the multinational chooses to locate in country i, welfare is
given by consumers’ surplus minus total subsidies plus (if any) gains from employ-
ment creation, W i

i (Si, Ti, β). β represents the difference between the nominal and the
shadow wage and reflects total employment gains. The best-response functions of
each country are given by:

T ∗
A(TB) = TB + Γ + ε and T ∗

B(TA) = TA − Γ + ε.

Three equilibria can arise:

1. If T̂A < T ∗
A(T̂B), then country A is willing to subsidize up to higher levels than

country B. In equilibrium, the firm locates in country A and receives a subsidy
T ∗

A(T̂B);

2. If T̂B < T ∗
B(T̂A), then country B is willing to subsidize up to higher levels than

country A. In equilibrium, the firm locates in country B and receives a subsidy
T ∗

B(T̂A);

3. If T̂B is very low, the foreign firm would locate in country A even if it were to
offer no subsidy (even put a tax). This occurs when employment benefits are
low, transportation costs are high and markets very different in size.

In summary, as in Haufler and Wooton (1999), the larger country attracts the firm
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more easily because it saves transportation costs. However, the higher the employ-
ment gains, the more a country is willing to subsidize the multinational. The final
result will thus depend on the interaction between relative size, transport costs and
employment gains. Typically, the foreign firm locates in country B iff β > Γ.

The principal difference between the two models lies in the welfare analysis. First,
compared to the no-subsidy case, total welfare may be higher in equilibrium when
subsidies are allowed. The condition is that the employment gains exceed the losses
from subsidies granted to the foreign firm. Second, the equilibrium welfare of the
smaller country cannot be lower. Without subsidies, the firm will locate in the larger
country because of the home market bias. When subsidies are allowed, the large
country will always subsidize the multinational firm thereby reducing the price of
imports for the other country. From the point of view of welfare of the large country,
subsidies are always negative. Indeed, either it pays a subsidy to attract the monop-
olist, or the latter locates in the smaller country. In this case, the subsidy granted is
not sufficiently high to compensate for the transportation costs it has to pay now.

4 Competition versus Cooperation
Until now we have only considered the case of tax competition between countries.
But what happens if regions can coordinate their fiscal policies in order to attract a
foreign firm?
There are two main reasons for regions to be willing to coordinate their fiscal poli-
cies. The first one is to dampen the negative effects of fiscal competition. Indeed,
competition in taxes (or subsidies) can be wasteful and leave both regions with a
lower welfare compared to coordinated fiscal policies. Second, cooperation allows
also regions to pool their resources in order to be stronger in face of an external com-
petitor4. In this case, the objective of fiscal coordination is not only to avoid a waste
of resources but also to present a united front in order to induce a multinational to
enter an economic region (composed of several ”political” regions5).

In Haufler and Wooton (2001), regional tax coordination may lead to two types of
welfare gains. First, for investments that would take place in the union (consisting of
two countries) in the absence of coordination, eliminating tax competition within the
union allows an increase in the equilibrium tax. This leads to a transfer of location
rents from the firm to the regional governments. Second, in situations where the firm
has no strong preference between locating within the union or in the outside country,
a coordinated reduction in the tax offered to the firm will attract additional, welfare-
enhancing investments.

4United we stand, divided we fall!
5In their book Co-opetition, Brandenburger and Nalebuff (1996) considered examples of examples

of environments where individuals, firms, institutions, countries can be fierce competitors while en-
gaging in various aspects of cooperation.
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Haufler and Wooton (2001) consider unilateral and regional tax policy for a region
of two countries (A and B) that competes with a third potential-host country (C) for
the location of a monopolistic firm.
First, countries differ by their size: countries A and B are of equal size which is differ-
ent from the one of country C. Second, transportation costs between A and B are lower
than between the region and country C due to geographical proximity, administra-
tive similarity, or other. The combination of these two factors provides a locational
preference for the firm (see Haufler and Wooton (1999)). The sign of the tax premium
that the firm is willing to pay for locating in country A (or B by symmetry) versus
country C is ambiguous. It will be positive if the market of the third country is not
larger than the regional market and intra-regional transport costs are low relative to
inter-regional transport costs.

Comparing WA
A with WB

A and with WC
A , the government of country A is in both

cases willing to subsidize the firm in order to attract the investment, that is T̂AB < 0
and T̂AC < 0 respectively. For country C, equating WC

C with WC
A gives this country’s

minimum tax T̂CA = T̂CB < 0.

Tax competition
Focusing first on the tax competition between country A and C, the critical tax that is
required to get the investment in A is denoted by κ ≡ Γ + T̂CA. This critical tax will
be positive for low levels of SC and τ , in which case the firm has a strong incentive
to settle in the union. In addition, for country A to attract the firm, this critical tax
has to be higher than the minimum tax (κ− T̂AC > 0). If this is the case, then offering
a tax marginally below κ will be enough to outbid country C. But this does not take
account of tax competition within the region. Since countries A and B are symmetric,
the best offers they can make to the firm are the same. Country A must offer at least
T̂AB in order to prevent the firm from locating in country B. Hence, the equilibrium
tax charged by A is T ∗

A = min{T̂AB, κ}. Since T̂AB < 0, the union country that attracts
the investment will always pay a subsidy in the presence of intra-regional tax com-
petition.

Regional tax coordination
When country A and B coordinate their tax policy, they will never make a better offer
than is needed to prevent the firm from locating in country C: T ∗∗

A = κ (by conven-
tion, if the firm invests in the region, it settles in country A).
Two types of welfare gains can thus arise. First, when the firm’s locational preference
for the region is strong (T ∗

A = T̂AB), eliminating tax competition within the region al-
lows an increase in the equilibrium tax, transferring the locational rent from the firm
to the region. Note that κ could even be positive. Second, when locational preference
is weak (T ∗

A = κ), countries of the region can agree on a reduction of taxation in order
to attract the welfare-enhancing investments (κ − T̂U > κ − T̂AC).
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5 Time consistency
Competition for foreign direct investment among asymmetric countries has been
studied also in a dynamic framework by Besley and Seabright (1999).
The timing of their dynamic version of the reference model is as follows. First, the
two countries offer bids for the location of firm 1. Then the firm selects its location,
which is fixed for the remainder of time. In the next period, the countries offer bids
for the location of firm 2, which then locates in one of the countries. At this point,
payoffs are realized. Note that each firm locates where the government’s willingness
to pay is highest.

The payoffs received by the governments are affected by both snowball and con-
gestion effects. That is, the payoffs to government B if the two firms choose to locate
in his region are not the same as the payoffs received by government A when region
A is selected by both firms. We will not go through the formal analysis of the menu
auction approach6 but consider the example presented:

Outcome Governments’ payoff
(prior to subsidies)

(A,A) (9,0)
(A,B) (6,6)
(B,A) (7,7)
(B,B) (0,13)

The outcome (j,i) is when firm 1 locates in country j and firm 2 in country i.

The final outcome heavily depends on whether the regional governments can
commit themselves to their future bids. Bidding with commitment will guarantee
that the investment outcome is (B,A). However, without commitment, the outcome
(A,B) will maximize the joint net payoffs. To see this, consider the payoffs to the two
bidding countries after firm 1’s decision has been taken. If firm 1 locates in country
A, the maximum subsidies that can be offered by both regions are T̂A = 3 and T̂B = 6.
Country B wins the auction and pays 3. If firm 1 settles in country B, T̂A = 7 and
T̂B = 6. Country A wins the auction and pays 6. The net payoffs taken into account
for the first period’s offers are now:

Outcome Payoff
Firm 1 in A (6,3)
Firm 1 in B (1,7)

Firm 1 will thus locate in country A since this outcome (A,B) maximizes the joint
net payoff.

This outcome is not only failing to maximize social surplus, it is also Pareto in-
efficient. This result has two causes: on the one hand, the failure of governments to
commit their future bidding strategies and on the other hand, the presence of loca-
tional externalities between the firms. The countries’ bids for the investment today

6See Bernheim and Whinston (1986).
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are distorted by the subsidy burden expected for the future, thereby failing to reflect
the intrinsic benefits yielded by the investment.

One instrument regional governments have at their disposal in order to influence
the location of firms is subsidies (or taxes). Hence, regional authorities engage in a
fiscal competition by offering subsidies (or reducing taxes).
The first question we can ask is whether localization externalities reinforce this fiscal
competition. Without externalities, Janeba (1998) has shown that this ”subsidy race”
only results in a waste of resources. Indeed, as the multinational locates in the coun-
try which offers the highest subsidies, the two countries will (indefinitely?) overcut
each other’s subsidy. As a consequence, the ”laissez-faire” equilibrium should pre-
vail in order to maximize welfare. The story has to be somewhat modified with exter-
nalities. On the one hand, if these spatial externalities (like transport costs in Haufler
and Wooton (1999)) only tend to reinforce the advantage of the region which would
have attracted the firm without subsidies, then competition has no positive effects.
On the other hand however, if the localization spillovers induce a higher benefit for
a ”depressed” region, then engaging in fiscal competition can change the investment
pattern.
This leads naturally to the question of how important is the role of asymmetry be-
tween countries. When countries are asymmetric, one country can always extract a
relatively larger gain (in terms of employment, technological progress, ...) from the
inward FDI. Note that the larger the asymmetry, the larger the expected rewards from
FDI. This will give that country the opportunity to outweigh the subsidy of the other
country and attract the multinational. When countries are symmetric, agglomeration
only occurs when the positive spillovers it induces exceed the negative effects of a
fiercer competition on the product and labour market.
There are thus some cases where fiscal competition is beneficial in the sense that
it can reduce regional disparities. However, in other cases, this competition seems
quite costly and bounded. Would it not then be possible to shift it to other elements
of the firms’ profits? We try to answer that question for regional infrastructure and
education policies.

Part III

Infrastructure
During the last decade, many new important infrastructure projects have been devel-
oped in Europe, especially for what concerns transport infrastructure (for example,
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the Channel Tunnel). The European Commission devotes Structural Funds7 to in-
frastructure investments because the latter are seen as playing ”a key role in efforts
to reduce regional and social disparities in the European Union and in the strengthen-
ing of its economic and social cohesion” (Commission of the European Communities
(1999)). This view is supported by Martin (1998) which finds, using data on regional
stocks of infrastructure, that the speed of convergence across regions in Europe in-
creases for telecommunications infrastructure.
In terms of locational effects of changes in transport infrastructure, Combes and
Lafourcade (2001) find that the decrease of transport costs in the last twenty years
in France, partly due to improvements in transport infrastructure, has led to more
agglomeration. Similarly, Duranton and Puga (2001) suggest that the resulting in-
crease in the ability of business services and headquarters to remote locations may
lead to the concentration of business services and headquarters in a few large urban
centers.

Local public infrastructure is defined as any material investment, as opposed to
immaterial investment such as education, made by a regional government on his ter-
ritory. It has an impact on the profits of the firms (and thereby on their location) either
through their operating costs if it is used as an input in the production function or
through their fixed costs. In both cases, infrastructure is considered as a local public
good in the sense that it benefits only the firms which locate in the region where the
investment has been made. Hence, problems of ”free-riding” are avoided, that is, a
region cannot ”steal” the benefits of the infrastructure policy chosen by another re-
gion. This will not be the case with education policy as it will be described in the next
part.

In this second part of the survey we examine how regional authorities can in-
fluence the location of firms through the level or the quality of infrastructure they
choose. First of all we provide the general structure of the models presented in this
part. We do not go very far in the development of a reference model as the articles
are relatively different from each other. The notation used in that section will remain
throughout this part. The second section deals with models where only firms are mo-
bile. In the last section, firms as well as labor (or households) can move.

1 The Reference Model

The environment

The economy consists of two countries labelled m=A,B, and two firms (i).
The following game is played:

1. Governments simultaneously choose their infrastructure level,
7Martin (1999) and Puga (2002) look at the effects of European regional policies.
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2. Regional authorities choose simultaneously the fee (or subsidy) they will charge
(give) the firms,

3. The firms choose their location of production and production takes place.

This second step, not present in all models, introduces fiscal competition between
the regions. That is, they compete not only in infrastructures but also in taxes. In
order to avoid this wasteful competition, regions will choose to differentiate at maxi-
mum their infrastructure services.
We work backward to determine the Nash equilibrium.

Notation

The superscript denotes the firm by its initial location and the subscript indicates
the region.

The firms

Consider a market in which two firms operate, producing a homogeneous prod-
uct for a third market. The firms are assumed to behave as Cournot oligopolists. We
assume a linear inverse demand function p = a − b(xA + xB), where xi stands for the
output of the firm initially located in the ith region (i=A, B) and p denotes the com-
mon price. Firms produce under constant marginal costs Cm and incur a fixed cost
Fm (which can be seen as a relocation cost to be paid if so) which both vary from one
region to the other (m=A, B). Hence, the cost curves are of the form TCi

m = Fm+Cmxi.
Each firm maximizes its profit: Πi

m = (a − b(xA + xB) − Cm)xi − Fm.

Regional authorities

Local governments provide local public inputs to the firms which decide to settle
in their region. By local public input we mean infrastructure which is built on the
territory of the region and financed by the region.This local infrastructure, zm, affects
either the fixed costs or the marginal costs of the firms. In the latter case, the net
marginal costs are written Cm = cm − zm.
This effort in infrastructure can be financed through local taxes which may give rise
to fiscal competition between the two regions.

2 Mobile Firms

Two elements must be taken into account when two or more firms (instead of one) can
settle in the same region. First, competition on the local output market is intensified,
as well as competition for inputs which might be supplied inelastically. This acts
as a deterrent to firms to agglomerate. Second, the presence of several firms in one
region exacerbates the role of spatial externalities. For instance, infrastructure being
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considered to a certain degree as a public good, the higher the number of firms which
use it, the less the relative costs of this infrastructure.

2.1 One mobile firm

Dewhurst (2000) examines the possibility for a regional-development agency to at-
tract a foreign firm by committing funds to defray the fixed costs of this firm, if it
were to choose to locate in its region.
By contrast with our reference context, the homogeneous good is sold on the two
regional markets by two immobile domestic firms which are initially located, one in
each region. These firms face identical costs functions but transporting the product
from one region to the other is costly (t > 0). Note also that the regions differ in terms
of size, region B having a bigger market (scale parameter λ > 1). The profit functions
are thus the following:

ΠA
A = (a − b(xA

A + xB
A) − c)xA

A + (a − b
λ(xA

B + xB
B) − (c + t))xA

B, and

ΠB
B = (a − b(xA

A + xB
A) − (c + t))xB

A + (a − b
λ(xA

B + xB
B) − c)xB

B.

Notice that the marginal costs are identical and that the firms incur no fixed costs.

The foreign firm (f) has fixed costs F but lower marginal costs, which amount to
c− d, where d represents the marginal-cost advantage of the foreign firm. When con-
sidering in which region to locate, the foreign firm compares its profits in each region:

Πf
A = (a− b(xA

A +xB
A +xf

A)− (c− d))xf
A +(a− b

λ(xA
B +xB

B +xf
B)− (c− d+ t))xf

B −F ,
and

Πf
B = (a− b(xA

A +xB
A +xf

A)− (c− d+ t))xf
A +(a− b

λ(xA
B +xB

B +xf
B)− (c− d))xf

B −F .

Five cases can arise, going from all three firms selling in their domestic market
and in the other regional market to both domestic firms ceasing to trade. The type
of equilibrium that emerges depends on the marginal-cost advantage of the foreign
firm: the higher this advantage, the more the domestic firms will be pushed out of
the markets. But in all cases, the foreign firm chooses to locate in the biggest region
(B).

It is now supposed that there exists a regional-development agency in region A,
that wishes to maximize the number of jobs in its region and has finance to do so.
The development agency will choose to intervene if it perceives a gain from persuad-
ing the foreign entrant to locate in A rather than in B. In order to alter the location
decision of the foreign firm, it will propose a reduction of its fixed costs sufficient to
counteract the loss in profits due to relocation.
Comparing the two post-entry situations (foreign firm locating in region B and in A),
the agency will find it profitable to intervene when its region is relatively large and
when either the cost advantages of the foreign firm are small enough not to prevent
domestic firms continuing to engage in ”cross-hauling” trade, or sufficiently large to
drive all domestic firms from the market.
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Dewhurst (2000) has thus shown under which circumstances a regional development-
agency influence the location decision of a foreign firm to the benefit of the region for
which it is responsible.
However, if there were development agencies in both regions, then the agency in the
larger region could always outbid the agency in the smaller region. This model is
thus not well suited to study competition in infrastructure between regions.

We now consider two models which take explicitly account of strategic interac-
tions between regions.

In Walz and Wellisch (1997), two regions compete for a mobile firm (firm B) by
providing local public inputs using the revenues from the tax (tm) on the profits of all
firms locating within their respective boundaries. The second firm, firm A, is immo-
bile and the two firms face Cournot competition.

When choosing where to locate, firm B faces a trade-off between two opposing
forces. One the one hand, the agglomeration advantage is modeled as the partial
nonrivalry of local public inputs. Indeed, the costs of the local public inputs increase
less than proportionally if two firms rather than one are using them:

Cz(zm) = (zm)2 if one firm,
Cz(zm) = (zm)2(2)φ if two firms.

The congestion parameter φ (0 ≤ φ ≤ 1) measures the degree of rivalry in the use
of local public inputs. With φ = 0 (φ = 1), infrastructure is a purely public (private)
good.

On the other hand, the costs a firm must bear when changing its location (F ) con-
stitute the agglomeration disadvantage.

That is, the firms maximize their profit functions:
Πi

m = {(a − b(xi + xj)) − (c − zm)xi}(1 − tm), if i = m,
Πi

m = {(a − b(xi + xj)) − (c − zm)xi}(1 − tm) − F , if i &= m.
The firm in B will choose to relocate if and only if its profits in region A are even
higher.

Regional governments decide simultaneously on their levels of local public in-
puts. With both firms agglomerated in region A, regional welfare, which is the sum
of the firms’ profits, can be written as

WA(2, 0) = (a−c+zA)2

9b − 2φ

2 (zA)2,
WB(2, 0) = (a−c+zA)2

9b − 2φ

2 (zA)2 − F .
In this case, it is optimal for region B to choose zB = 0, since positive levels of local
public inputs would imply costs but no productivity gain. We denote the optimal
solution for region A by z∗A(2, 0).
If both firms are geographically separated, regional governments maximize

Wi(1, 1) = (a−c+2zi−zj)2

9b − (zi)2, i = A, B.
Solving simultaneously yields the noncooperative local public input levels:

znc
i = 2(a−c)

9b−2 .

Depending on the value of the relocation cost (F) incurred by firm B, the equilib-
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rium solution will be either agglomeration or separation.
The former case will prevail if
ΠB

B(1, 1, z∗A(2, 0), zB(z∗A)) = ΠB
A(2, 0, z∗A(2, 0)),

that is, if firm B is indifferent between locating in A and in B whenever region A
chooses its optimal ”agglomeration infrastructure”. This will give a critical value of
relocation costs, F 1, under which firm B will move to region A if it provides z∗A(2, 0).
Note that F 1 is negatively related to the congestion parameter φ. With sufficiently
large crowding costs (φ close to 1), the agglomeration advantage is so weak that A’s
government can never attract firm B.
At the other extreme, Walz and Wellisch (1997) determine a value F 3 from which the
only possible solution is geographical separation. The disagglomerative force is suffi-
ciently pronounced that firm B cannot be attracted by region A. This value is derived
from the following equality: ΠB

B(1, 1, znc
A , znc

B ) = ΠB
A(2, 0, znc

A , znc
B ).

In a first interval of intermediate moving costs (F 1 < F ≤ F 2), region A’s gov-
ernment can attract firm B by providing local public inputs excessively relative to the
agglomeration case (z̃A(2, 0) > z∗A(2, 0)). For values F 2 < F ≤ F 3, there exists only
a mixed strategy equilibrium in which a (1,1) as well as a (2,0) solution takes place
with positive probabilities.
In summary, the model takes the following geographical pattern:

z∗A(2, 0) z̃A(2, 0) mixed strat. znc
i (1, 1)

F 1 F 2 F 3

Agglomeration Both Separation

Walz and Wellisch have thus demonstrated that an agglomeration solution can
emerge. The regional government is even most likely to attract both firms the lower
the relocation costs and the higher the degree of publicness of the regional infrastruc-
ture (or the lower the congestion costs).

King, McAfee and Welling (1993) present a dynamic version of intergovernmental
competition for a large plant when local productivity is uncertain.
The sequence of the game is as follows. In the first stage, regional governments
choose the level of infrastructure which is equally costly to build. This investment
increases the expected surplus available from locating a plant in their regions. In the
second stage, they participate in the following sequential auction. In the first period,
governments make an offer (subsidies) based on the expected available surpluses,
then the firm chooses its location and incurs a sunk cost. Finally, the actual surplus in
the chosen region is revealed, production takes place and the surplus is split between
the firm and the winning region. In period two, a new auction starts. If the firm
does not relocate, no additional information is revealed. However, if it relocates, the
surplus of the second region is revealed.

Essentially, the model shows that the region with the largest expected surplus
(region A) will always attract the firm in the first period but it will do so as a con-
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sequence of greater expenditure in infrastructure. However, given sufficient uncer-
tainty about the available surpluses, there is a positive probability that the firm will
move in the second period to the other region. Relocation is more likely the lower is
the fixed cost and the smallest is the difference between the expected surpluses in the
two regions. Even though region B does not attract the firm in the first period, it will
choose a positive level of investment in order to raise this probability for the firm to
switch location in the second period (provided that region A’s investment required
to drive out region B is prohibitively costly).

The possibility of relocation, coupled with the uncertainty on the regional sur-
pluses, is thus an important determinant of equilibrium pay-offs, even when it is not
actually exercised. One the one hand, it leads to both regions investing in infrastruc-
ture in order to increase their expected surpluses (and thereby attracting the plant).
But on the other hand, it increases regional disparities as region A makes a greater
investment.

2.2 Several mobile firms

The intensity of competition between firms when they locate in the same region plays
here an essential role. Indeed, the more firms cluster together, the fiercer the competi-
tion they face on the good- and labour-market. Hence, in order to counterbalance this
agglomeration disadvantage, regional governments will have to provide sufficiently
high levels of infrastructure. Indeed, at a certain level, the higher supply of public
inputs will outweigh the loss of profits incurred by more competition.

Martin and Rogers (1995)8 built up a general equilibrium model with no strategic
interactions between regional governments.
They consider a model with two types of ”iceberg” transportation costs9 in each re-
gion: intra-regional and inter-regional. The former has to be paid by households
buying goods produced in their home region, while, when they import goods, they
have to add the international transport costs (which is higher). The transportation
costs are negatively related to the quality of the regional and international infrastruc-
ture respectively. These infrastructures are financed by the revenue of their residents.
There exists also a market for capital which is held by wageowners. One unit of cap-
ital produces one variety of output.

The consumers of one region have thus to bear the internal transportation costs
whether they consume home-made or foreign goods. Hence, the relative prices of the
goods of one region do not depend on the infrastructure built by that region. How-
ever, the quantity of goods consumed by the households of one region depends on
its endowment in infrastructure. The sales of each firm depend on the local revenues,

8We follow the analysis made by Charlot (2000).
9The cost of transportation of a good is measured as the fraction of this good which melts away in

transit. This form of transport costs has been invented by Samuelson (1954).



  

25

on the size of the local market as in Krugman (1991), but also on the infrastructure
through the transport costs. If, for instance, region A has a more developed infras-
tructure than region B, then its level of transportation cost is relatively low, and as
a consequence, the gap between the prices of home and foreign goods in region B is
reduced. Region A has thus a higher external demand in presence of infrastructure
of quality. The strength of this advantage depends on the gap between the regional
endowments in infrastructure. The firms will thus try to (re)locate in the region en-
dowed with the best infrastructures. There will be an agglomeration process at hand.
In addition, the lower the inter-regional transport costs, the more firms are sensitive
to differentials in domestic transport costs.

Three parameters determine the choice of location of the firms: the capital-labour
ratios, the endowments in infrastructure of each region and their difference in size.

Suppose the only difference between the regions resides in their endowments in
infrastructures. The relative weakness of the prices in the region with the best in-
frastructure leads to a higher demand for home-made goods and firms will tend to
localize in that region in order to benefit from increasing returns to scale. The mag-
nitude of this process is a function of the levels and the gap between the regional
transport costs and hence of the levels and the gap between the endowments in in-
frastructure. With a high level of infrastructure, a small gap between endowments is
enough to attract the firms in the best endowed region.

If the regions only differ by their size, then the transport costs are the same in both
regions. The firms will tend to locate in the region where the demand is the largest
and there will be agglomeration in the biggest region.

The difference in the capital-labour ratio has an ambiguous effect on the firms’
location. A small ratio in one of the regions attracts capital because of the higher re-
turns, but the revenues of that region and hence the local demand are weaker. The
net effect of these two opposing forces depends on the returns to scale, the levels of
infrastructures (transport costs) and the share of revenue the households use for in-
dustrial goods. Firms will agglomerate when these three parameters are high.

Martin and Rogers (1995) showed thus that the integration process (low inter-
national transportation costs) tend to reinforce agglomeration, even more when the
regions are developed. They also showed that a symmetric development of infras-
tructure widens the gap between regions. However, the development of infrastruc-
ture which lowers the cost of transportation within a low-industrialized region can
attract firms but also increase its social welfare.

We now turn to models which take explicitly into account the strategic behaviour
of the regional authorities.

The model of Maurer and Walz (2000) is closely related to the one of Walz and
Wellisch (1996) described above. They both look at regional competition for mobile
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oligopolistic firms but Maurer and Walz (2000) allow for the mobility of both firms.

Compared to our reference environment the inverse demand function is written
pi = Max{1 − xi − γxj; 0}, where γ has an influence on the strategic interaction of
firms, as well as on the market size. The lower γ, that is the more products tend to be
complements, the less fierce is the competition but the lower is the overall demand.
The other difference resides in the cost function. In order to produce one unit of
output, firms use one unit of labour which is supplied elastically at wm = αLm. wm

denotes the local wage in region m when a total amount of labor Lm is supplied in
that region.

The profits of firm A in region A (the case of firm B and region B is symmetric) are
thus written, in the agglomeration and geographically separated case respectively,

ΠA
A(2, 0) = (1 − xA − γxB − α(xA + xB) + zA)xA,

ΠA
A(1, 1) = (1 − xA − γxB − αxA + zA)xA.

The equilibrium output levels are denoted xA
A(2, 0) and xA

A(1, 1) respectively.

As usual, in the second stage firms choose their location. Given the regional input
levels (zA, zB) the firms agglomerate in region A whenever their profits are higher
when they locate in the same region (agglomeration constraint). The critical level of
local inputs for which the (2, 0) case (ΠA

A(2, 0) ≥ ΠA
B(1, 1)) arises is denoted ẑA(ẑB).

The more inelastic the labour supply, the higher will be ẑA. Indeed, as α rises, the
agglomeration of the two firms increases the local wages. Hence, the offer of local
public inputs has to be more important in order to compensate firms for this agglom-
eration disadvantage.
The lower the degree of substitutability between products (γ), the looser the good-
market competition and the positive effect on a firm’s profits caused by higher wage
costs for its rival is less pronounced. The agglomeration disadvantage becomes thus
more important with γ and as above, ẑA needs to be higher.

Whereas Walz and Wellisch (1996) define the maximization of the local firm’s prof-
its as the objective of regional governments, here local policy makers focus on the
local labor market and local wage income.
Hence, regional authorities maximize net income: Wm = wmLm − tm, subject to a
balanced budget: tm = C(zm) = nσ

mz2
m, where σ reflects the degree of publicness of

the local public input.

The analysis conducted is quite similar to the one of Walz and Wellisch (1996). A
first step determines the conditions for a symmetric spatial configuration to emerge,
before turning to the asymmetric equilibrium.
A symmetric equilibrium will exist whenever

WA(1, 1, z∗A(1, 1), z∗B(1, 1)) ≥ WA(2, 0, z∗A(2, 0)).
The effect of α and γ has already been discussed: a symmetric configuration will be
more likely the steeper the labor supply function and the lower the degree of compe-
tition between the firms in the output market. In addition, the less ”public” the local
input (σ close to 1), the more firms will tend to spread out.
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We skip the asymmetric case which leads to the same interpretations.

As conclusion, Maurer and Walz (2000) showed when agglomeration can arise as
a result of the infrastructure policy of the regional authorities (as well as an asym-
metric equilibrium). In the absence of any infrastructure provision, firms facing the
agglomeration disadvantage of an elastic labour supply would never locate in the
same region. But this centrifugal force can be counterbalanced by the provision of
infrastructure.

Taylor (1992) models jurisdictions that compete for an industry by building costly
infrastructure more rapidly than their identical neighbours. The expected rewards
(R) are the tax revenues and the value of jobs created by a new industry. On the other
hand, if the region were not able to attract the firms, it would lose all the money al-
ready invested (X) in the infrastructure.

Each jurisdiction maximizes Wm = e−rT R[1−F (T )]−∫ T
0 e−rtX(t)[1−F (t)]dt, where

T is the limit date of completion. The expected gain of competing is the present value
of the prize, e−rT R, times the cumulative probability that the jurisdiction will win,
1−F (T ). The expected cost of competing at time t is the present value of the amount
spent on the infrastructure, e−rtX(t), times the probability that the race has not yet
ended, 1 − F (t).

We present here the main results of the model.
First of all, a jurisdiction may hesitate to enter the competition if the required effort is
high. The bigger the deficit of that region relative to the others, the less it will spend
at any time on infrastructure, and the less inclined it will be to pursue its infrastruc-
ture program.
Secondly, the higher the reward from attracting an industry, the harder the jurisdic-
tion will compete, trying to complete its infrastructure more quickly.
At last, the impact of a variation in the probability of losing the game has an ambigu-
ous effect. This probability is of course affected by the number of rivals but also by
the discount rate which expresses the opportunity costs of infrastructure spending. If
the reward is large enough, a rise in the probability of losing a lucrative race will spur
the jurisdiction to spend more. However, if its deficit is relatively large, then a small
rise in that probability will lead the jurisdiction to cut its investment in infrastructure
because the competition looks rather bleak for the region.

3 Mobile Firms and Labor (or Households)

In the following models of Justman, Thisse and Van Ypersele (2001, 2002), the firms
are heterogeneous with respect to their infrastructure needs. That is, some types of
infrastructure suite better some types of firms than others. This raises the question of
which firms a region is willing to attract. Depending on its development strategy, a
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region will choose to invest in one particular type of infrastructure. And this leads to
regional specialization.

Justman, Thisse and Van Ypersele (2001) examine how regions can attract firms
by choosing different levels of infrastructure. These firms differ in their needs of in-
frastructure services. When regions are able to identify each firm’s type, they can set
a different fee or subsidy for each firm contingent on the matching cost they observe
between the region’s infrastructure and the firm’s ideal infrastructure. In contrast,
when regions cannot observe firm types, they are constrained to set a single tax or
subsidy for all firms. The question of discriminatory policies will not be treated here;
we focus on the incomplete information case, that is, regions cannot discriminate
among firms.
There is a continuum of competitive firms of unit mass selling their output at a price
normalized to one. Each firm has a type z, uniformly distributed on the interval [0,1],
describing the technological infrastructure that minimizes its investment cost.
A firm of type z earns profits:

Πm(z) = Maxl{x(l) − wl − f(zm, z) − tm(z, zm)} where

• x(l) = lα: production requires labor,

• w: wage, is the same in all regions because labour is homogeneous and perfectly
mobile,

• f(zm, z) = β(z − zm)2: fixed investment cost that depends on the gap between
the ideal infrastructure z and the one available in region m, zm,

• tm(z, zm): fee (if positive) or subsidy (if negative).

The firm indifferent between locating in region A and region B, ẑ(tA, tB), is the
one for which ΠA(ẑ) = ΠB(ẑ). Since the profit function is a decreasing function of
the distance between z and zi, all firms with a type satisfying z < ẑ(tA, tB) locate in
region A while those with type z > ẑ(tA, tB) locate in region B.

Regional governments choose noncooperatively their infrastructure and their fis-
cal policy as to maximize the wage bill minus the sunk cost of the infrastructure plus
fees collected or minus subsidies paid.
The fiscal game has a unique interior Nash equilibrium given by:

t∗A = −α(α
w

α
1−α + 2

3β(zB − zA) + 1
3β(z2

B − z2
A),

t∗B = −α(α
w

α
1−α + 4

3β(zB − zA) − 1
3β(z2

B − z2
A).

The equilibrium fee or subsidy varies with the degree of differentiation of the in-
frastructure between the two regions and with the coefficient β.
A region will be able to tax firms heavily when the degree of adequacy between the
firm’s type and the one of the region’s infrastructure is important (high β).
Similarly, the less the regional infrastructure are differentiated, the more the regions
will suffer from fiscal competition and the tax will thus be lower.

In the first stage of the game, regions strategically choose the infrastructure they
provide, anticipating the outcome of fiscal competition. In order to maximize their
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objective function, the regions will choose maximum differentiation. That is, z∗A = 0
and z∗B = 1.

Hence, regions can gain by specializing in a unique infrastructure niche and thus
by differentiating the infrastructure services they offer from those of other regions.
This dampens the head-to-head competition that results when regions offer identical
infrastructures and are forced to compete on subsidies.

Justman, Thisse and Van Ypersele (2002) investigate how regions can attract firms
by proposing infrastructure services that are differentiated by quality. Contrary to
their previous model, they propose thus here a vertical differentiation setting.

There is a continuum of firms of measure N competitively selling a numeraire
output x, and requiring infrastructure service as well as labour (l) for production.
Labour is homogeneous and perfectly mobile. Firms are technologically differenti-
ated, and each is characterized by a type θ ∈ [θ, θ̄], which describes the ability of a
firm to exploit the quality of infrastructure. Each region (m ≥ 2) chooses an infras-
tructure quality qm between q and q̄ at a fixed cost c(qm). In addition, they charge a
fee tm to the firms locating on their territory.
The firms’ profits take thus the following shape:
Πm(l, θ) = θqmlα − wl − tm

After maximizing firms’ profits, Justman et al. (2002) determine the type of the
firm indifferent between locating in m and m + 1. This shows, as expected, that a
region supplying a better infrastructure is able to claim a higher fee or offer a lower
subsidy.

In a second stage, regions decide on their level of fees, after quality has been set.
Region m’s choice of fee maximizes an objective function comprising three parts: (1)
gains from local employment; (2) fee income per firm; (3) the cost of the infrastruc-
ture supplied by the region. This leads to the ”fiscal agglomeration property”: the
number of active regions only depends on the distribution of the firms’ type. That
is, the number of regions which can generate a positive surplus is limited by the dis-
persion of the abilities of the firms to use the infrastructure. As a consequence, the
agglomeration of the firms in a limited number of regions can be the result of the
fiscal competition for developing an infrastructure of better quality.

In the first stage, the regions will choose to differentiate at the maximum their
infrastructure’s quality. Their objective is to avoid a too fierce fiscal competition that
would reduce their surplus.

In summary, when regions compete on infrastructure quality they have an incen-
tive to increase the degree of differentiation between them, which reduces the dissi-
pation of regional surplus through Tiebout competition.

Richter and Wellisch (1996) built a model of decentralized government activities
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in a federation consisting of many jurisdictions which behave in a perfectly compet-
itive manner. In each jurisdiction, immobile as well as mobile households reside.
Mobile firms locate as to maximize their profits. Jurisdictions provide local public
goods and local public factors as to maximize the utility of their immobile residents.

Two sources of inefficiencies in the local behaviour are detected.
First, as local governments are interested in the welfare of inside residents, they will
provide local public factors at an inefficiently low level and tax mobile households
and firms inefficiently high in order to restrict rent outflow.
The second source arises when local authorities have no tax on mobile households at
their disposal. Hence, they cannot internalize the congestion costs created by mobile
households through direct taxation. The only tool to restrict immigration or to favour
emigration is to underprovide local public goods. In addition, local governments pro-
vide inefficiently low levels of public factors and tax mobile firms inefficiently high
in order to reduce the marginal product of labour which keeps mobile households
out of the jurisdiction.

Dohse (1998) studied, using a numerical approach, how different strategies of in-
frastructure provision (federal, regional or not public) affect the spatial distribution
of firms and households in a federation. He illustrates the mechanisms at work in dif-
ferent configurations when the number of firms (seven) and regions (three) expand.
This shows however the limits of a numerical example as these numbers remains
even so relatively far from reality.
We will only consider the decentralized provision of public goods.

The production function of the seven firms depends on their location:
xi

m = AEm.RPm.Lα
m.σ.Gβ

m, i=1,...7 , m=1,...3, where

• AEm: concave agglomeration function which depends on the number of firms
(agglomeration economies if larger than 1, diseconomies otherwise),

• RPm: local productivity shift term (RPA > RPB > RPC),

• Lm: perfectly mobile labour,

• σ: negative impact of taxation,

• Gm: local public infrastructure.

The firms move costlessly and choose their location as to maximize profits:
Πm = xm − wmLm. Note that the profits of firms located in the same region are iden-
tical.

Each household supplies one unit of labour. Labour is perfectly mobile between
regions such that, at equilibrium, regional wages equates.

The regional governments provide infrastructure according to their regional tax
revenues: Gm = tΠmnm. A region’s level of infrastructure depends thus on the num-
ber of firms located in the region, nm, and on their profits.
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Dohse (1998) imposes that the tax rates (t) have to be the same as with centralized
provision: t∗ = β

1+β . Note that this corresponds to a regional government maximiz-
ing regional output.

Computed numerically, three equilibria emerge: (4,3,0); (4,0,3) and (0,4,3). If the
initial firm concentration in region A is low, it will be difficult for this region to at-
tract other firms despite its advantage in terms of productivity. This results from the
fact that the two other regions can raise more tax revenues and thus provide a higher
level of infrastructure. In addition, firms realize higher agglomeration economies.
However, if the initial allocation of firms is nearly uniform across regions, then the
highest level of infrastructure is provided to those regions where the marginal prod-
uct of infrastructure is highest.

Part IV

Education and Training
As an investment in human skills, education can help to foster economic growth and
enhance productivity, contribute to personal and social development, and reduce so-
cial inequality. As individuals and nations increasingly recognize that high levels of
knowledge and skills are essential to their success, spending on education is increas-
ingly considered as an investment in the collective as well as individual future.
Differences in growth between countries can be explained by persistent differences in
the accumulation of physical and human capital as well as by the market situations
and technological progress. All these elements can be influenced by economic poli-
cies and the institutional context of the countries. To give a rough idea10, in Belgium
for instance, the increase of human capital accounts for 0,45 points of percentage of
the evolution of the growth rate of the GDP per capita. In terms of expenditures, in
1999, education mobilized around 0,05% of GDP.

In the context of competition between firms, investment in human capital raises a
specific question with respect to investment in physical capital. Indeed, investment
in education is mobile by itself, i.e. workers, once trained, can move to and work
in another region. That is, while infrastructure is considered as a local public good,
education in one region constitutes a public good for the other regions as well. The
fact that one region can thus ”free-ride” on the education system of another region,
creates a new type of externality.

The first section of this fourth part is concerned with the impact of educational
10OECD (2002).
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policies on the regional economic geography and productivity. Section 2 deals with
the well-known ”brain-drain” phenomena. In section 3, we briefly look at how re-
gional governments select the quality of their education programs. The last section
considers more specifically the effect of education policies on the location choices of
firms and workers.

1 Regional economic geography and productivity

Karlsson and Zhang (2001) analyze how changes in education policy and in regional
amenities affect the economic geography. They do so in the context of a dynamic
two-region model with human capital accumulation.

The economic system produces two commodities, one in each region. The only
university in the economy which carries out higher education is located in region 1.
There are three types of individuals: perfectly mobile workers, students and teachers.
The two last cited live only in region 1. The utility level a person obtains in a given
region is dependent on the region’s amenity level and on the consumption levels of
services and commodities produced by the manufacturing industry.
The production function for the two regions’ production sectors depends on the av-
erage level of human capital and on the labour force present in its region.
There are two ways for improving the human capital in a region, namely through
education (teaching time on average devoted to each student) and through ”learning
by producing”.

The impact of the educational policy is measured through an increase in the ra-
tio between the number of students and the total number of workers in the econ-
omy. Some labour force will thus move from the regional production sectors to the
university. Hence, the regions’ labour force is reduced as the government promotes
education. In addition, region 1’s (region 2’s) residential population is increased (de-
creased). The number of teachers, measured as a fraction of the total number of stu-
dents, increases but by a lesser extent than the latter. Thus, the teaching time devoted
to each student decreases. If the two regions’ human capital accumulation exhibits
decreasing returns to scale, that is, if as human capital is increased it is more diffi-
cult to further improve the level of human capital, then the average level of human
capital in both regions increases. This induces a reduction in the two regional wages.
If region 2’s human capital is indeed reduced, then the region’s output is definitely
reduced.

As region 2’s amenity is improved, some workers of region 1 migrate to region
2. As each region’s number of students is assumed to be positively and proportion-
ally related to each region’s workers, region 1’s number of students is reduced while
region 2’s number of student is increased. Since environment affects the regional dis-
tribution of labour force and students, it will also affects the level of human capital
(increases if increasing returns to scale).
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It is thus difficult to evaluate the impact of a change in the education policy on
the equilibrium structure of the economic geography. Depending on whether human
capital accumulation exhibits increasing or decreasing returns to scale, promoting
education will deteriorate or enhance the regional level of human capital as well as
regional production.

Leach (1996) built up a model in which individuals make occupational as well as
locational choices. They decide whether to acquire the training that will turn them
from unskilled into skilled workers incurring training costs θ and whether to migrate
to the other region incurring migration costs γ.
The firms in the regions use both skilled and unskilled workers in the production of
a single good. These firms are competitive, paying each type of labour a wage equal
to its marginal product.

We only consider the case in which the training costs are the same for all agents,
and there is an exogenous distribution of migration costs. If the two regions are iden-
tical in terms of productivity, then no migration occurs. But, as the productivity of
region 1 raises (by a scale factor), the wage of the skilled workers in region 1 (w1s)
increases as does, in a lesser extent, the wage of the unskilled (w1u). The difference
between those two (y1) now exceeds the training cost and more workers choose to
become skilled. The ratio of unskilled workers to skilled workers in region 1 (r1) falls
and y1 is driven back to its equilibrium value. The higher wages in region 1 also lead
to greater migration from region 2 to region 1.

Suppose now that a ”federal” government subsidize the cost of worker training,
lowering θ. Since an agent in region i chooses to become skilled if his training cost is
smaller than the skill premium (yi), the fraction of agents in region i who choose to
become skilled is now larger. Hence, a training subsidy reduces the ratio of unskilled
workers to skilled workers in both regions (ri) and this reduction is less important
in region 1 because of its higher productivity (lower r2 − r1). As a consequence, the
location premium decreases and the extent of migration is reduced. Note also that
the reduction in the skill and location premia lowers the gap between average wage
incomes.

Hence, this education policy makes the regions more alike in their employment
structures. Indeed, a training subsidy will lead more unskilled workers to become
skilled in the ”depressed” region than in the other one, tending to erase the differ-
ences in the r ratios between the regions. This education policy also reduces regional
income disparities even though it does not target one particular region.
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2 Brain-drain

Labour mobility, with its well-known ”brain-drain” phenomena, reduces the incen-
tive for public funding of education. For instance, a regional government can find
it optimal not to finance education in its region while benefitting from the other re-
gion’s education system through the migration of skilled workers. Hence, the fact
that one region can ”free-ride” on the education system of the other region, paves the
way for asymmetric equilibria.

Justman and Thisse (1997a) studied the implications of the mobility of skilled
labour for local public funding of higher education.
The economy consists of two separate locales, i = 1, 2. Production is local, and uses
two factors: land (mi) and skilled labor, hi denoting its local supply.
Net profits of local landowners are written:
Πi = F (mi, hi) − F2(mi, hi)hi − csi, where

• F (mi, hi): constant-returns-to-scale production function,

• F2: partial derivative of F with respect to h, equals the wage of skilled labor,

• c: constant cost of a school place,

• si: number of school places in locale i.

Skilled labor remains to work where it was trained with exogenous probability q
(0 < q < 1), immigrating to work in the alternative locale with probability 1 − q.
Hence, h1 = qs1 + (1 − q)s2 and h2 = (1 − q)s1 + qs2.
As the quantity of land in each locale is fixed, net profits can be rewritten: Πi =
g(hi) − csi or Πi = g(qsi + (1 − q)sj) − csi.

Landowners choose the number of school places available in their locale in order
to maximize their net profits.
Two possible types of equilibria emerge. In a symmetric equilibrium, we have s1 =
s2 = s where s is determined by g′(s) = c

q .
In an asymmetric equilibrium in which one locale finds its optimal to ”free-ride” on
the education system of the other, we have, say, s1 = 0, and s2 satisfies g′((1− q)s2) =

c
(1−q) . Due to the concavity of g, this can hold only if q < 1

2 .
If the education is provided federally, that is, the joint profits of the landowners in
both locales are maximized, then a quantity s such that g′(s) = c would be provided.
Hence, the uncoordinated Nash equilibrium leads to under-investment in higher ed-
ucation by local jurisdictions. The only way to implement a first-best symmetric equi-
librium would be to subsidize the fraction 1 − q that migrates to the other region.

In this paper, Justman and Thisse (1997a) treat migration as an exogenous vari-
able. Hereafter, they let migration flows react to wage differentials, which seems to
better fit reality.
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In a model of fiscal competition, Justman and Thisse (1997b) try to answer the
question of whether funding of higher education should be decentralized among lo-
cal governments.
Two types of workers are present in each of the n regions: unskilled workers which
are immobile, and skilled workers. The latter are perfectly mobile, ensuring the same
wage in all regions at equilibrium, and provide a higher quantity of labour than the
unskilled workers. As the quantity of land in each region is fixed and identical, the
quantity of labour available on the local markets is the same everywhere. The cost of
education of a skilled worker is constant and identical in each region.
When the number of students in one region increases, the number of skilled workers
in that region increases as well as the number of skilled workers in the other regions.
In other words, there are spillover effects in the provision of education. The direct
effect remains however the strongest.

Considering first the centralized solution, the social optimum requires that the
wage of a skilled worker equals its opportunity cost, that is, its cost of education plus
the wage of an unskilled worker. The equilibrium ”skilled” wage leads to the fol-
lowing relationships: an increase in the productivity of the skilled workers induces a
lower wage for both types of workers since it increases the optimal quantity of labour
available. In addition, a higher cost of education decreases the optimal quantity of
skilled labour, thereby increasing both wages.
When funding of higher education is decentralized, the following two-stage game is
played. First, the regions choose the number of students native of their region which
will be educated. In a second stage, the skilled workers chooses where to reside and
work.
Depending on the nature of the objective function of the regions, the uncoordinated
Nash equilibrium will lead either to under-investment or over-investment of educa-
tion with respect to the social optimum. If regions maximize the regional net output,
there will be under-investment. This tendency is exacerbated when the number of
regions increases. The reason of this under-provision of education is that the regions
do not internalize all the benefits of education and this leads to some regions free-
riding on the others.
If the regions maximize the revenues of the landowners and of the workers native of
their region (including emigrants), there will be over-investment. This results from
the fact that the regions do not take into account the positive (and negative) impact of
their educational choices on the land rents and the wage of the unskilled (and skilled)
workers.
If the regions maximize net land rent or the net regional wage bill, there will be under-
provision.

In general, the decentralization of funding of higher education leads thus to under-
investment in education. The cause resides in the perfect mobility of skilled workers.

In terms of the way migration is modeled, we have thus, on one side, Justman
and Thisse (1997a) in which the probability of migration is completely exogenous.
On the other side, the probability of migration of the skilled workers in Justman and
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Thisse (1997b) is determined endogenously (perfect mobility). And in between, Just-
man and Thisse (2000) look at the effect of imperfect mobility of skilled workers. That
is, the probability of migration depends on the wage and amenity differentials and
takes explicitly account for the fact that some skilled workers have a higher mobility
than others.

At the centralized solution, total (”federal”) output net of education costs is max-
imized. The necessary first-order conditions set the marginal product of human cap-
ital equal to the cost of training in each region. As the wages are the same in both
regions, the probability of migration is also the same and therefore there is no net mi-
gration. Referring to Justman and Thisse (1997a), in a symmetric centralized solution
s is determined by g′(s) = c.

The sequence of interaction between local governments and factor markets in a
decentralized situation is as follows: first, each local government chooses its educa-
tion policy {s1, s2}; then, skilled workers choose where to live and to work; finally,
production takes place and the factors of production are paid at their marginal prod-
uct.
Two regional objective functions are considered.
First, local governments maximize local output net of education costs. This leads to
less local expenditure on education than global output maximization, and the short-
fall is greater the more strongly migration responds to pecuniary incentives.
Secondly, if regions maximize native product, then they will over-invest in educa-
tion. Indeed, they ignore, on the one hand, the negative impact on the earnings of
non-native skilled workers and, on the other hand, the positive impact on the returns
of the immobile asset in the other region. Note that this over-provision is larger the
less migration is responsive to wage differences.

Corroborating the conclusions of Justman and Thisse (1997b), local public funding
of education departs thus from a federal provision in either direction depending on
the balance of political forces at the local level. When geographical interests are pre-
dominant, the local government under-invests in education. However, when they
take into account the welfare of native-born highly educated emigrants, they will
tend to over-provide education.

Webb (1985) looks at the effect of a brain drain on the burden to governments of
achieving their education objectives.
The model consists of two regions where labour is composed by skilled and unskilled
workers. The former have the possibility to migrate from region 1 to region 2. The
supply of educated labour is an increasing, concave function of the education sub-
sidy: Si(Ei). The stock of migrants, M, is assumed to be a function of the wage
differential for skilled workers: M(α, w2 − w1) = αm(w2 − w1). When country 1 (2)
increases its education subsidy, the flow of migration increases (decreases). Indeed,
a higher education subsidy in country 1 increases its regional supply of labour. This
leads to a reduction of the wage in region 1, giving an incentive to skilled workers to
migrate to the other region. Hence, an increase in one country’s education subsidy
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reduces wages and increases the local supply of educated labour in both countries as
well as reducing the effectiveness of education subsidies in achieving their objective
in the other country.

The two governments possess an objective function which is decreasing in the
education subsidy and increasing with respect to the local labour supply of skilled
workers.
The effect of a change in the education subsidy on the welfare function has an am-
biguous sign. It is equal to the marginal opportunity cost to the government of funds
spent on education, plus the change in welfare due to the change in net local supply
of educated labour which follows from a change in its subsidy.

International mobility of labour affects the education policies of local govern-
ments. Thus, in this last model, brain drain leads to under-investment in education
by both governments.

As seen in the previous models, this is not necessarily the case. Depending on
the nature of the regional welfare functions, education will be either over- or under-
provided by the regions with respect to the social optimum. When native workers
(including emigrants) have a large weight in the objective function of the regions,
then the regions will over-invest in education. Contrariwise, when regions care most
about local factors, there will be under-investment as the regions tend to free-ride on
the other region’s education policy.

3 Quality of education

Hoyt and Jensen (2001) examine the issue of quality differentiation of public services.
They model the provision of education as a two-stage game. In stage one, local gov-
ernments choose the quality of their education (high or low). In stage two, they
simultaneously choose their taxes. Finally, residents choose where to locate consider-
ing the tax/public service mix and the housing prices. All individuals prefer, ceteris
paribus, high to low quality of education but some have a stronger taste for quality
than others (vertical differentiation).
The objective of the local governments is to maximize the value of property (land11),
that is, to maximize the price of housing. They use either property taxes or head taxes
to finance education.

Beginning with head taxes, product differentiation in educational quality neces-
sarily results in a higher price of housing in one city, but a lower price of housing in
the other depending on the cost of quality. To see this, let us start from a situation

11The presence of land rents is typical to models of Urban Economics (see Fujita (1986) and Huriot
and Thisse (2000)). Note that the model of Hoyt and Jensen (2001) is the only one surveyed here where
land plays a crucial role through the housing market.
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where the prices of housing, as well as quality of education (low), are the same in
both cities (p1 = p2 = pU and q1 = q2 = qL resp.). Population is thus evenly dis-
tributed among them: N1 = N2 = 1

2 . Further suppose that city 1 adopts high quality
and city 2 does not. If the price of quality is low, that is, if the price of quality does
not exceed its value for the median agent, then utility for the marginal individual is
higher in city 1 given p1 = pU and N1 = 1

2 . As a result, some individuals will mi-
grate from city 2 to city 1, thereby increasing the demand for housing in the latter.
As a consequence, the price of housing in city 1 increases: p1 = pH > pU . For what
concerns city 2, the decrease in its population means that housing prices must fall in
order to maintain equilibrium in the housing market: p2 = pL < pU .
This leads to a ”prisoner’s dilemma” in the first stage of the game with the following
pay-off matrix:

City 2
High Low

City 1 High pU , pU pH , pL

Low pL, pH pU , pU

where pH < pU < pL when quality is costly and
pH > pU > pL when quality is cheap.

Thus, when education is financed by a head tax, both cities adopt the same quality
of education (there is no product differentiation in educational quality). In particular,
when quality is costly (cheap), both cities choose low (high) quality.

Let us now turn to the case where cities use property taxes to finance education.
Unlike head taxation, the use of property taxes induces fiscal externalities between
the cities, generating ”tax competition”. That is, the tax rate a city can charge will be
lower in both cities when they have different qualities of educational services.
As shown in the table below, if the marginal cost of quality is either high enough
or low enough, product differentiation in educational quality necessarily results in a
higher price of housing in one city, but a lower price in the other. Both cities will then
adopt the same quality in the second stage. However, for intermediate values of the
marginal cost of quality, product differentiation can result in a higher price of hous-
ing in both cities. In the Nash ”quality” equilibrium, cities will choose to differentiate
the quality of their education.

City 2
High Low

City 1 High pUH , pUH pH , pL

Low pL, pH pUL , pUL

where pUL > pH : high cost,
pH > pUL and pL > pUH : intermediate cost,
pH > pUL > pUH > pL: low cost.

Hoyt and Jensen (2001) consider thus quality differentiation in education among
localities as a way to reduce tax competition among them. When local governments
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maximize property value using a property tax, the results show that the level of ed-
ucation provided both for cities that choose high quality as for cities that choose low
quality is reduced. The decrease in educational spending (and taxes) in both cities
means that under certain circumstances property values in both cities can increase.
Hence, the two-stage game can result in quality differentiation in education when a
property tax is used.

The results heavily depends on the type of tax used by the local governments. The
key difference between head taxes and property taxes resides in the mobility of the
residents it induces. When property taxes are used, any increase in public services
in a city will lead fewer residents of the other city to migrate there. This means that
increases in taxes that increase property values in a city (by increasing its population
and therefore the demand for housing) are less effective. The reason for that lies in
the fact that quality differentiation leads to a stronger attachment to one of the two
cities for each resident depending on his taste for educational quality.
Note that quality differentiation does not occur in some cases in which it would be
socially beneficial to have a high and a low quality provider of education. In addi-
tion, this socially beneficial differentiation is less likely to occur when education is
financed through a head tax.

4 Firms’ location and workers’ training

Giffard (2000) asks the question of whether public adult continuing education (forma-
tion professionnelle continue, or FPC) constitutes a tool for the regional development.
FPC permits the accumulation of ”spatial” human capital which gives rise to the tra-
ditional scale economies and agglomeration effects. It constitutes also a tool for the
regional authorities to intervene on the working of the labour market. Indeed, it pro-
vides a better level of qualification as well as a more diversified labour force. As a
consequence, the matching probability between the firms and the workers increases.
Note that the training programs proposed by the regional authorities are strongly re-
lated to the needs, the preferences expressed by the firms.
However, a decentralized provision of FPC presents also some limits. First, it can lead
to under- or over-investment since the decision of training is taken according to its
repercussions on the voter. Second, there exists spillover effects (individuals trained
in one region can move and work in another one) that are not necessarily taken into
account by the regional authorities.

In Gradstein and Justman (1995), education allows a country to attract and ab-
sorb foreign capital into the home economy. Individual skills act as a public good
and generate externalities. On the one hand, individual skills, reflecting the capacity
of an economy to absorb new capital successfully, induces more capital in the home
economy. This gives scope for public intervention, e.g. by subsidizing higher edu-
cation. On the other hand, when countries compete for a limited pool of investment
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funds which are not perfectly elastically supplied, then the pool of skills represents a
negative externality with respect to the other country’s growth (competition effect).

Gradstein and Justman (1995) examine a two-country model in which national
output is a function of labour, domestic skills, and foreign capital (which is comple-
mentary to domestic skills). Access to foreign capital depends on the extent of formal
advanced skills in the domestic economy compared with that in the other country.
There are two time periods: in the first one, individuals choose how much time they
spent to learn and to work; in the second one, foreign capital is allocated and produc-
tion occurs.

First, the authors derive the decentralized equilibrium at which individuals max-
imize their utility with respect to the fraction of time they spent to learn (xN

i ) and
compare it to the single-nation optimum where the country’s utility is maximized
(xP

i ). If the supply of foreign capital is not perfectly elastic, then the noncooper-
ative equilibrium skill level in each country is lower than the national optimum
(xN

A (xB) < xP
A(xB)). The reason is that individuals do not take into account the pos-

itive external effect (positive free-rider effect) of their allocation of time to learn and
this leads to under-provision. The only way to correct for this is to subsidize educa-
tion such that the two coincide.
The global individual equilibrium (xN ) is defined as the global symmetric Nash equi-
librium among the residents of both countries without any government involvement.
When compared to the global social optimum (xP ), they find that xN > xP iff the pos-
itive externality of the free-rider effect is dominated by the negative externality of the
competition effect. This will lead to over-provision of skills when foreign capital is
perfectly elastic. However, when the supply of capital is not perfectly elastic (and the
number of inhabitants is large), there will be under-provision without government
intervention. Indeed, the free-rider effect takes more importance as the amount of
investment in one country becomes more responsive to the level of skills developed
in that country than to the one in the other country.
At the multi-national equilibrium, governments choose, in a first stage, subsidies. In
a second stage, individuals choose training. It appears that the skill level in this case
will be higher than at the global optimum. The provision of subsidies eliminates the
free-rider effect such that only the negative competition effect remains. The result is
an over-subsidization which shows the need for policy coordination.

Hence, the positive externality generated within a country by the acquisition of
skills leads to subsidiation of education by the national governments. However, com-
petition for a limited amount of capital represents a negative externality. As a conse-
quence, the subsidies which are optimal from a national perspective, generate over-
investment in skills when englobed in a larger view. The solution would be to reduce
education subsidies in a coordinated manner.

Tharakan and Tropeano (2002) propose a model where imperfect matching be-
tween firms and workers on local labour markets leads to spatial agglomeration.
There are two regions (i=A, B) with a share of population αA and αB = 1−αA respec-
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tively. The population of each region consists of mobile workers which are endowed
with the same level of general human capital (h). All workers incur urban costs equal
to αit where t is the unit commuting cost. There are N firms, with βA representing
the share of firms located in region A. They produce a homogeneous good accord-
ing to a technology which exhibits decreasing returns to scale with respect to labour:
Y = F (hl).

The framework used to describe the labour market is the one of Hamilton et al.
(2000). It is described by a circle of circumference one, which stands for the skill
space. Each firm and worker has a specific position on the circle. For the firm, it rep-
resents the technology it uses and for the worker it represents the technology which
perfectly matches his skills. If his skills do not match perfectly any existing technol-
ogy, then the worker has to undergo a specific training before it can produce output12.
The training cost depends on the distance between the firm’s technology (x) and the
worker’s skill (xj). That is, the training cost function is given by s(h)|x − xj|, where
s(h) represents the unit cost of training. If the latter relationship is positive, then
an increase in general human capital means an increase in the specialization of the
worker. However, if s(h) is negatively related to h, then human capital improves the
ability of workers to match a given technology. Note that there is asymmetric infor-
mation between workers and firms.

Firms choose location as to maximize their profits: Πj = F (hlj) − wjlj . The local
wage equals, at equilibrium, the marginal productivity of labour minus the impact of
imperfect competition on the labour market. The latter arises from imperfect match-
ing between workers and firms. Imperfect competition confers monopsony power
to firms and allows them to set wages lower than the marginal productivity because
workers cannot move to another firm at zero cost. The higher the training cost, the
greater this monopsony power and the lower the local wage. The regional wage is
also positively related to the number of firms since more firms induce a fiercer com-
petition on the labour market. The density of workers present in one region lowers
its local wage through a reduction in the marginal productivity.
Firms will decide to migrate to region A if the difference of profits, ∆Π = ΠA − ΠB,
is positive. Agglomeration in region A is more likely to occur the larger the size of
the regional labour force (centripetal force) and the lower the number of firms in A
(centrifugal force).
The reverse holds for the agglomeration of workers, which choose location on the
basis of their expected net wage. An increase in number of workers in A lowers the
wage through the decreasing returns to scale in the production function and the con-
gestion effect while a strong competition between firms has the opposite effect.

The spatial equilibrium which prevails (symmetric, asymmetric or full agglomer-
ation) depends on the difference of the speed of adjustment of both types agents as

12Example given by Kim (1989 p. 695): ”A computer programmer is born with the potential ability
to be a computer programmer. Thus he will be a computer programmer. The only decisions he makes
are (1) how much he will invest in computer programming (say, get a master’s degree or go to a
technical school) and (2) how widely he will train himself (e.g., learn only one programming language
in one machine or learn a variety of different languages and machines).”
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well as on the initial conditions, in terms of population and number of firms.

Tharakan and Tropeano (2002) analyze the effects of different public policies: poli-
cies which affect workers’ mobility, education and competition. We focus here on the
second one when the speed of adjustment of firms is infinite, i.e. firms react instanta-
neously to regional profits’ differentials.
Suppose that a higher level of human capital makes workers more mobile on the
labour market (and not more specialized). For what concerns workers, the ”compe-
tition effect” acts as a centripetal force. A higher level of general human capital im-
proves the matching between firms and workers thereby reducing the monopsonic
power of the firms. The latter face thus a tougher competition which leads workers
to relocate in the neighbourhood of the firms.
From the viewpoint of the firms, there is no effect of h on their profits and hence,
on their location. However, an increase in the level of general human capital rises
the critical threshold in terms of workers’ size above which the economy converges
towards complete agglomeration and experiences higher spatial disparity.

In summary, if an improvement in the level of human capital leads to greater mo-
bility of workers between tasks, then an increase in human capital can increase or
decrease regional disparities depending on the workers’ density.

Rioux and Verdier (2002) investigate the impact of regional integration on the in-
centives for local governments to finance general human capital. They try to answer
the question of whether regional integration leads to a ”race to the bottom” or a ”race
to the top” for local educational policies. What will be the effects on regional produc-
tivity and wages?

The model displays strategic interactions between two regions where only firms
are mobile. As in Tharakan and Tropeano (2002), human capital has two dimen-
sions: a vertical dimension determined by the the level of general human capital and
a horizontal dimension, which refers to the specific skills a worker obtains through
specific training. One of the differences between the two models resides in the fact
that the general human capital is provided by the regional governments. Hence, all
workers, after school in region i, are endowed with the same level hi. In each region
however, individuals differ in their specific skills. These specific skills are uniformly
distributed with density ∆i on a circle Ci of length Li where Ci represents the skill
space and Li reflects the degree of diversity in workers’ specific skills. The training
cost function is given by s(hi)|xi − xi

j|. Another difference with Tharakan and Tro-
peano (2002) lies in the fact that this cost is shared between a worker, paying a share
αi, and the firm hiring him, 1 − αi.

The functioning of the labor market replicates the analysis made by Tharakan
and Tropeano (2002). Note that a higher level of general human capital in region i
has two effects on the firms’ profits. First, there is a positive productivity effect as it
increases workers’ marginal productivity, once they are matched to the firm’s tech-
nology. Second, there is a negative flexibility effect associated to the fact that workers
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better endowed with general human capital can learn new specific skills at a lesser
cost and are thus easier employable. This increases competition between firms, push-
ing wages upwards.
Note that the equilibrium wage is negatively related to the share of training costs
paid by the worker through its impact on the monopsonic power of the firms.

First, Rioux and Verdier (2002) consider how the educational policy of two identi-
cal regions is affected when firms are allowed to move between regions. The timing
of the game is as follows: first, regional governments choose their level of general
human capital; second, firms choose their location as to maximize their profits; then
firms set wages in a Nash fashion and finally, workers train and production occurs.
In the first period local governments maximize welfare defined as the net expected
wage of their citizens minus the cost of the general human capital. This gives a sym-
metric Nash equilibrium in which hi = hj = h. Note that when the share of training
costs paid by the workers (α) increases in one region, then the monopsonic power of
the firms in that region increases, thereby giving firms an incentive to locate there.
The regional government can thus increase hi to mitigate the negative impact of a
higher α on wages, even though this reduces firms’ profits via the flexibility effect.
If the productivity effect outweighs the flexibility effect, then the expected profits of
the firms are positively related to the level of general human capital. This gives a re-
gional government an incentive to increase the latter strategically in order to attract
firms locally. Compared to a situation without regional integration, h will thus be
higher as well as local wages. This situation is more likely to happen the higher the
population density, the size of labour pool of firms and the share of training costs
paid by the firms.
The results are reversed when the flexibility effect dominates the productivity effect.

What happens when two regions of different sizes are integrated?
If the flexibility effect dominates, the level of general human capital in the larger re-
gion (A) will be higher than in the smaller region. Intuitively, the size of the employ-
ment pool of a firm in the larger region is bigger than in the small one. Thereby, com-
petition is less fierce in region A and provides an incentives for firms to locate there.
When the flexibility effect outweighs the productivity effect, local governments are
willing to reduce their provision of hi in order to attract firms. However, because of
its size advantage on the labour market, the larger region can afford to invest more
in general education without loosing too many firms.

When the regions differ only by their production technology, the region with the
highest productivity will provide more general education than in the symmetric in-
tegration case. The reason is that the marginal return to general human capital is
higher in that region, since the local wage is higher. Thus, if the productivity (resp.
flexibility) effect dominates, firms will choose to locate in the region endowed with
the highest (resp. lowest) productivity.

Hence, the impact of regional integration on local governments’ educational poli-
cies depends crucially on the relative importance of the productivity effect and the
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flexibility effect.

Conclusion
Empirical studies have shown that the location decisions of firms can be influ-

enced by regional policies. When considering in which region to settle, firms compare
the profits they would obtain in each region. These profits are determined among
others by three elements: (1) the local taxation; (2) the set-up costs and (3) the wages.
Hence, local governments have a decisive influence on the choice of location of firms
through their fiscal, infrastructure and education policies.

Recent theories of location, and the ”New Economic Geography” in particular,
help explaining the choices made by the firms. Firms producing in locations with
relatively many firms face fiercer competition in the local product and factor mar-
kets. This tends to make activities dispersed in space. However, the combination
of increasing returns to scale and trade costs, as well as industry linkages, encour-
ages firms to locate close to large markets, which in turn are those with relatively
many firms. This creates pecuniary externalities which favour the agglomeration of
economic activities. The balance of these centrifugal and centripetal forces will, first
of all, encourage firms to agglomerate (or disperse) and, second, provide regional
authorities with more or less incentives to ”sponsor” firms in terms of taxes, infras-
tructures or skilled workers.

Choosing which regional policy to activate is critical. Indeed, deciding to subsi-
dize a multinational for instance, can force regions to enter in a costly ”subsidy tour-
nament”. More generally, the danger when regions compete in taxes (or subsidies), is
to exhaust the financial resources of the regions without any significative impact on
the regional welfares. This nightmare can be however somewhat weakened by the
presence of spatial externalities which give a region some locational advantage.
Competition in infrastructure does not present the same problem of boundaries. All
the equilibria reached by the models surveyed are well defined and limited in space.
In addition, when the firms are heterogeneous, providing differentiated infrastruc-
tures will dampen the negative effects of fiscal competition. This result shows that
combining different fields of regional policies can be beneficial.
Turning to educational policies introduces a new kind of problem. That is, the fact
that training is not attached to a region’s physical territory is an open invitation to
free-riding. Part of the benefits of a region’s education policy is likely to spill-over to
the other region as the educated workers migrate. The latter region will thus decide
to under-invest in education compared to the social optimum.

Let us conclude this survey with three general remarks which suggest some av-
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enues for future research.
First, there is room for regional coordination. One explicit argument in favour of

the coordination of regional policies is to avoid a waste of resources. A simple exam-
ple is the subsidy war to which fiscal competition can lead. A second argument re-
sides in the fact that coordination can eliminate some negative externalities. Indeed,
cooperation in the field of education policy can eradicate the problem of free-riding
and the under-investment which results from it. Finally, regions who coordinate their
policies oppose a stronger resistance in front of an external regional competitor.

Second, the results of the models presented in this survey heavily depends on the
nature of the objective function of the regional governments. In particular the scope
of the regional authority is critical. This was particularily clear in education models:
depending on whether the regional authorities take into account geographical or ”na-
tionality” interests, they will decide to under- or over-provide education respectively.

Third, in the literature surveyd here, institutional constraints are most often ig-
nored. However, they are clearly apt to alter the nature of regional competition.
First, some demarcation disputes may arise between the different levels of author-
ities (national versus regional governments). For instance, regional policies might be
tied to laws fixed at a federal level. Second, the regions’ decisions are subject to some
budgetary constraints. They have finite resources and they cannot let their budget
deficit go too far. The scope for regional deficit is often a matter of federal regulation.
Therefore, further research on the impact of regional policies could try to better in-
corporate this vertical dimension.
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