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ABSTRACT

Taking the Bite Out of Fiscal Competition*

Regions can benefit by offering infrastructure services that are differentiated
by quality, thus segmenting the market for industrial location. Regions that
compete on infrastructure quality have an incentive to increase the degree of
differentiation between them. This places an upper bound on the number of
regions successfully able to participate in the location market, and limits the
dissipation of regional surplus through Tiebout competition. It indicates a
process of fiscal agglomeration, through which regional concentrations arise,
which does not depend on the circular causation underlying much of the
recent literature on economic geography.
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1 Introduction

Globalization of trade and investment and a general trend towards decen-
tralization have intensified fiscal competition between regions in their efforts
to attract private investment.1 Offering subsidies is a common policy in this
regard but raises the risk of a “race to the bottom” [4]. Examples abound of
local development authorities luring investors with large subsidies that are
difficult to justify in terms of surplus creation. Alternatively, regions can
compete for investments by providing infrastructure. In the European Union
the budget for regional policies is principally targeted toward the building of
transportation infrastructure, on the grounds that infrastructure disparities
in the EU are greater than income disparities; such spending has increased
nearly tenfold since 1985 [14]. However, conventional infrastructure services
tend to have very similar features [23], and their decentralized supply often
leads to over-provision [19]. The strategic nature of such competition limits
the benefits it can be expected to yield (see Wildasin [22] for a survey).

The rapid rate of technological change in recent years - in information
technologies, life sciences, new materials - offers regions new opportunities
to avoid the excesses of fiscal competition by exploiting new dimensions of
differentiation inherent in technological infrastructure [9]. Basic forms of
technological infrastructure provide specialized services to small and medium
enterprises in low and mid-tech industries, which might include screening and
testing new production technologies, supporting product design functions,
standardizing quality control, addressing common ecological concerns, and
so on.2 More advanced forms of such infrastructure support the development
of scientific and engineering capabilities serving the needs of firms operating
at the leading edge of technological innovation.3

1We use the term region in a generic sense, to refer to ”local” jurisdictions that compete
for a common pool of firms through industrial development policies, including both com-
petition between nations for foreign direct investment, and between regional authorities
within a country vying to attract domestic investors.

2For a detailed taxonomy and survey of services aimed at improving the performance
of small businesses, see Vickrey [20].

3The prototype of such policies is the MITI-orchestrated VLSI project in Japan, in the
late 1970s, which promoted design and production capabilities for 1 megabit DRAMs [8]
[18]. Similarly conceived programs subsequently implemented in other countries include
the Alvey program in the UK [17], the European Union’s ESPRIT program Mytelka, [16],
SEMATECH in the US [6], ITRI in Taiwan [7], Israel’s Magnet program [12], and Korea’s
Industrial Technology Infrastructure Program [15]).
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Technological infrastructure thus involves a dimension of quality, which
some firms are better able to exploit than others. This offers regions an op-
portunity to avoid head-to-head competition through quality differentiation,
much as firms differentiate the quality of their products to relax price compe-
tition [1]. By providing different levels of infrastructure quality, regions can
vertically segment the market, separating firms better able to take advantage
of high quality infrastructure and willing to pay for it, from those for which
quality is less valuable. In this paper we demonstrate the advantages of such
vertical segmentation.

Our approach has much in common with the literature on fiscal com-
petition between local authorities à la Tiebout. However, it departs from
previous work in two main respects. First, it focuses on quality differenti-
ation, which leads to a very different pattern of inter-regional competition.
Second, by assuming that technological infrastructure is a pure public good
at the regional level, it posits a setting in which there are many firms in
each region. Consequently, as in Wildasin [21], competition among regions
is strategic while firms do not have scope for strategic behavior.

When regions compete on a commonly ranked dimension of infrastruc-
ture quality they have an incentive to increase the degree of differentiation
between them, limiting the dissipation of regional surplus through excessive
Tiebout competition. Moreover, as we show, this places an upper bound on
the number of regions successfully able to participate in the location market,
a bound that depends only on the dispersion of firms’ capabilities to exploit
infrastructure services. This fiscal agglomeration property is an added impe-
tus for regional agglomeration, working to foster regional concentrations of
industrial activity alongside other centripetal forces such as network exter-
nalities, which are at the core of the new economic geography.4

We examine these issues in the context of a three-stage model in which
regions and firms act individually to maximize their respective objective func-
tions. In the first stage, each region chooses a quality level for its infrastruc-
ture, and in the second stage it selects a fee (subsidy) to be paid (received)
by firms that choose to locate within its jurisdiction and utilize its infrastruc-
ture. Then, in the third stage, each firm decides in which region to locate
and how much output to produce, thereby generating external benefits for
the local economy. We require that in equilibrium each region is individually
maximizing its net surplus given its correct anticipation of the actions of

4See Fujita and Thisse [5] for a survey.
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other regions and of firms, and firms are maximizing their profits given the
regions’ choice of infrastructure quality and fee levels.

The structure of the paper is as follows. Section 2 presents the model.
Section 3 then examines the second-stage equilibrium for the case of n regions,
and shows that the fiscal agglomeration property holds. Section 4 derives
existence and uniqueness conditions for the second-stage equilibrium in the
case of two regions. Section 5 analyzes the first-stage equilibrium in which
infrastructure quality levels are determined, and Section 6 concludes.

2 The Model

Consider an economy comprising n ≥ 2 regions, indexed by i, in which the
productivity of some firms is directly affected by the quality of technological
infrastructure in the region in which they locate; thus we explicitly adopt
a partial equilibrium framework for our analysis. A continuum of measure
N of these firms produce a numéraire output y for which they require in-
frastructure services as well as labor, and which they sell on a competitive
market. Each region i offers infrastructure services of quality qi to firms lo-
cating within its jurisdiction and charges them a fee (pays them a subsidy)
of mi > 0 (< 0), and each firm locates in a single region. Regions choose the
quality of their infrastructure services qi from an exogenously given interval
[q, q], for which they incur only a fixed cost c(qi), where c is increasing and
continuously twice differentiable, with c(q) > 0. Thus we assume there is no
variable cost associated with the provision of infrastructure services, treating
it as a pure local public good.

Firms are technologically differentiated, and each is characterized by a
type θ ∈ [θ, θ], 0 < θ < θ, which describes its productivity in utilizing the
quality of infrastructure. Let Φ be the cumulative distribution function and
φ the density function of firm types. We assume that φ is differentiable and
that its elasticity is strictly larger than −1 in the interval [θ, θ]

∂φ

∂θ

θ

φ
> −1 (1)

so that θφ(θ) is increasing in [θ, θ]. This simplifies the exposition but is not
strictly necessary for the formal analysis. The production function of a firm
of type θ located in region i is

yi(l; θ) = f(l, qi; θ)
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where l is the amount of labor used by the firm. In what follows, we restrict
our attention to separable production functions of the form

f(l, qi; θ) = θg(qi)l
α (2)

in which α < 1. Without loss of generality, we choose units of infrastructure
quality such that g(qi) = qi.

We assume that labor is homogeneous and mobile. Hence, the wage rate
w equalizes demand and supply of labor in the economy as a whole, and is
the same in all regions. Our assumption that the firms directly affected by
the process of fiscal competition in infrastructure do not represent a large
share of the economy allows us to sidestep important labor market issues. It
implies that the policy chosen by any region has a negligible impact on the
global demand for labor, and hence on the level of wages in the economy.
Accordingly, firms and regions treat the wage level w as exogenous.5 The
profit function of a firm of type θ locating in region i is then given by

πi(l; θ) = yi(l; θ)− wl −mi

The sequence of decisions is as follows. First, each region chooses a qual-
ity level for its infrastructure, and the corresponding investments are sunk.
Second, each region selects the fee (subsidy) to be paid (received) by firms
that choose to locate in its jurisdiction. Sequencing regions’ decisions in this
way reflects our understanding that the choice of infrastructure quality is less
easily changed than the choice of a fee or subsidy.6 Lastly, each firm upon
observing the infrastructure quality and fee levels chosen by the various re-
gions, selects the region in which it locates and decides how much output to
produce.

5In an economy characterized by low interregional labor mobility, a regional inflow (or
exodus) of firms would likely have a significant impact on prevailing wage rates. In the first
instance, the change in wages would counteract the flow of firms, dampening the change in
local employment. Thus lesser mobility of labor implies that regions retain a greater share
of the surplus, which should encourage regions to compete more aggressively to attract
new investment. These considerations introduce new factors that add considerably to the
complexity of the analysis, but we would not expect them to alter the direction of the net
effects derived in our simpler model.

6Note also that using a simultaneous approach raises issues regarding the existence of
an equilibrium in pure strategies.
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3 The Fiscal Agglomeration Property

We solve the model recursively beginning with firms’ production and location
decisions. Assume that quality levels and fees have been set. Without loss of
generality, we label the regions in such a way that qn > qn−1 > ... > q1,

7 and
this must also be the order of fees among active regions, i.e., if regions i and
j are active in equilibrium, and qi > qj, then we must also have mi > mj, for
if region j were to charge a higher fee (or offer a smaller subsidy) than region
i while providing an infrastructure of lesser quality it would not attract any
firms.

Assume that a firm of type θ has located in region i. Then its profits are
given by

π̂i(θ) =max
l
{yi(l; θ)− wl −mi} (3)

Applying the first-order condition to (3) yields

li(θ) = αyi(l; θ)/w

so that its profit-maximizing output is

ŷi(θ) =
(α
w

) α
1−α

θ
1

1−α q
1

1−α
i (4)

As the firm’s wage bill is equal to α times its output, its profit equals

π̂i(θ) = (1− α)ŷi(θ)−mi (5)

Clearly, the profit earned by a firm locating in a region increases with the
quality of the infrastructure available there.

Next, consider the location of firms. Since π̂i(θ) is increasing in θ, it
is readily verified that all firms locating in region i have a type that falls
between θ̂i−1, the type of the firm indifferent between locating in regions i
and i − 1, and θ̂i, the type of the firm indifferent between locating in i and
i + 1. We set θ̂n = θ and θ̂0 = θ. For i = 1, ..., n − 1, the value of θ̂i is
obtained as the solution of the indifference condition

π̂i(θ) = π̂i+1(θ)

Using (5), this becomes

(1− α)ŷi(θ)−mi = (1− α)ŷi+1(θ)−mi+1 (6)

7We show in Section 5 that the inequalities are strict in equilibrium.
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Given (4), this confirms our initial claim that if qi+1 > qi then mi+1 > mi:
the region supplying a better quality infrastructure is able to claim a higher
fee or offer a lower subsidy. Substitution of (4) in (6) yields

θ̂i =
wα

αα(1− α)1−α

(
mi+1 −mi

q
1/(1−α)
i+1 − q1/(1−α)

i

)1−α

We now proceed to the second stage in which regions decide on the level
of fees (subsidies), after quality levels have been set. We focus on a Nash
equilibrium in which region i’s choice of fee maximizes an objective function
comprising three parts: (i) gains from local employment, which we assume
to be proportional to the wage bill; (ii) fee income, mi per firm, which can
be positive or negative; and (iii) the cost c(qi) of the infrastructure supplied
by the region:

Si =

∫ θ̂i

θ̂i−1

[γyi(θ) +mi]φ(θ)dθ − c(qi) (7)

in which γ/α (γ ≤ α) is the fraction of the local wage bill which accrues to
the region as a net gain.8 We shall refer to Si as the (regional) net surplus
and to the integral as the gross surplus. The net surplus takes into account
both the cost of the infrastructure and the fiscal impact of the fee or subsidy.
However, it does not deal explicitly with the financing of any net costs (or the
distribution of a net fiscal surplus); we assume that such costs are financed
by a tax levied on other activities not modeled in the paper.

Differentiating (7) with respect to mi yields

∂Si
∂mi

= γyi(θ̂i)φ(θ̂i)
∂θ̂i
∂mi

− γyi(θ̂i−1)φ(θ̂i−1)
∂θ̂i−1

∂mi

(8)

+miφ(θ̂i)
∂θ̂i
∂mi

−miφ(θ̂i−1)
∂θ̂i−1

∂mi

+ Φ(θ̂i)− Φ(θ̂i−1)

where
∂θ̂i
∂mi

= − (1− α)θ̂i
mi+1 −mi

< 0 (9)

8This gain might correspond to the local mutiplier effect of these firms, or to additional
revenues which the local government can raise as a result of the increase in the level of
economic activity in the region. We assume that this gain does not exceed the local wage
bill, but this is not necessary for the formal analysis.
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for i = 1, ..., n− 1 and

∂θ̂i−1

∂mi

=
(1− α)θ̂i−1

mi −mi−1

> 0 (10)

for i = 1, ..., n−1. In other words, if region i raises its fee, it loses firms from
both sides. If all regions are active, so that region i attracts a positive mass
of firms N∗i ≡ Φ(θ̂i) − Φ(θ̂i−1), then in equilibrium (8) is equal to zero for
each i = 1, ..., n. Hence, it must be that

N∗i = − ∂θ̂i
∂mi

[γyi(θ̂i) +m∗i ]φ(θ̂i) +
∂θ̂i−1

∂mi

[γyi(θ̂i−1) +m∗i ]φ(θ̂i−1)

≥ (1− α)

m∗i −m∗i−1

[γyi(θ̂i−1) +m∗i ]θ̂i−1φ(θ̂i−1)

where we have used (9) and (10). Consequently, we have

N∗i ≥
(1− α)

m∗i −m∗i−1

{γyi(θ̂i−1) +m∗i − [γyi−1(θ̂i−1) +m∗i−1]}θ̂i−1φ(θ̂i−1)

since we subtract a nonnegative term. Hence,

N∗i ≥
(1− α)

m∗i −m∗i−1

{γ[yi(θ̂i−1)− yi−1(θ̂i−1)] + (m∗i −m∗i−1)}θ̂i−1φ(θ̂i−1)

=
(1− α)

m∗i −m∗i−1

[
γ

1− α(m∗i −m∗i−1) + (m∗i −m∗i−1)

]
θ̂i−1φ(θ̂i−1)

where we have used (6) so that, by (1),

N∗i ≥ (1− α+ γ)θ̂i−1φ(θ̂i−1)

≥ (1− α+ γ)θφ(θ)

which is a strictly positive constant independent of regions’ behavior.9 Sum-
ming across regions from 1 to n, we obtain

N =
n∑
i=1

N∗i ≥ (1− α+ γ)nθφ(θ) (11)

9In the case of a general distribution, the lower bound on N∗i is (1−α+γ) min
θ∈[θ,θ]

θφ(θ).
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This places an upper bound on the number n of active regions in equilibrium
(if any, since our distribution of types is general), which is independent of
the infrastructure qualities. Of course, the actual number of active regions
may be smaller than this upper bound.10

For example, in the case of a uniform density we have φ(θ) = N/(θ−θ) so
that the upper bound on the number of active regions given by (11) becomes

n < 1 +
1

1− α+ γ

(
θ − θ
θ

)
≤ θ/θ

1− (α− γ) (12)

The upper bound on the number of active regions is directly related to (θ −
θ)/θ, the relative variation in productivity between the ‘best practice’ and
‘worst practice’ firms. Thus it varies directly with the degree of heterogeneity
of firms, because this relaxes fiscal competition. It varies inversely with the
benefit that regions derive from the location of firms, i.e., it is lower the
closer γ is to α. When regions benefit from a larger fraction of the wage
bill they compete more aggressively, which reduces the maximal number of
active regions in equilibrium.

The discussion above can be summarized as follows.

Proposition 1 Assume that a fee/subsidy equilibrium exists and the produc-
tion function is given by (2). When regions are differentiated by the quality
of their technological infrastructure, the number of active regions is bounded
from above by a constant which is independent of regions’ policy decisions.

This result, which we call the fiscal agglomeration property, has several
implications for the process of fiscal competition. It means that regardless of
cost considerations and the number of competing regions, the number of re-
gions that will succeed in generating a positive gross surplus is limited by the
dispersion of firms’ capabilities in using infrastructure. This implies that the
process of fiscal competition is inherently strategic: when the upper bound is
reached, the entry of new regions can only be achieved through the exit of in-
cumbent regions, placing regional development policies in direct competition
with each other. Furthermore, our analysis indicates that the agglomeration
of firms in a limited number of locations may result from fiscal competition

10We discuss the second-order condition in Section 4. When it does not hold for a region
in equilibrium, then the region is either inactive or the only active region. In both cases,
the fiscal agglomeration property is still valid.
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in developing infrastructure of different quality levels. This is a process of
agglomeration that does not depend on the cumulative effect of network ex-
ternalities underlying much of the recent literature on economic geography,
but follows directly from the heterogeneity of firms and the strategic behavior
of regions.

4 Existence of a Fee/Subsidy Equilibrium with

Two Regions

In the foregoing analysis we implicitly assumed the existence of an equilib-
rium for any fiscal competition (sub)game. Uniqueness of such an equilibrium
greatly simplifies the analysis of the infrastructure game considered in the
next section. We derive here conditions for both existence and uniqueness of
the second-stage equilibrium for the case of (at most) two active regions. To
simplify the notation assume that γ = α, i.e., the entire wage bill is included
in the region’s surplus. The argument is subdivided into four steps.

Step 1. We begin by considering the case in which both regions are
active. Assume without loss of generality that q2 > q1 (the case q2 = q1 is
discussed below). Then there is one marginal firm type, which must satisfy

(1− α)ŷ1(θ)−m1 = (1− α)ŷ2(θ)−m2 (13)

After substitution this gives

θ̂ =
wα

αα(1− α)1−α

(
m2 −m1

q
1/(1−α)
2 − q1/(1−α)

1

)1−α

(14)

The first-order conditions for the two regions are then

∂S1

∂m1

=
∂θ̂

∂m1

[αy1(θ̂) +m∗1]φ(θ̂) + Φ(θ̂) = 0 (15)

∂S2

∂m2

= − ∂θ̂

∂m2

[αy2(θ̂) +m∗2]φ(θ̂) +N − Φ(θ̂) = 0 (16)

As shown in Appendix A, the second-order condition holds for region 2 pro-
vided that the distribution of θ satisfies certain conditions, which we shall
assume to be the case. However, the second-order condition for region 1 holds
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only if there is sufficient differentiation of infrastructure quality, specifically
if q2/q1 ≥ δ where δ > 1 is a constant that is implicitly derived in Appendix
A. Assume for the moment that this condition is satisfied so that (16) and
(15) determine the fee equilibrium. Subtracting (16) from (15), and using

(9) to substitute for ∂θ̂/∂m1 = −∂θ̂/∂m2, we obtain

− (1− α)θ̂

m∗2 −m∗1
{α[y2(θ̂)− y1(θ̂)] +m∗2 −m∗1}φ(θ̂) +N − 2Φ(θ̂) = 0

After further substitution, using (5) this yields

− (1− α)θ̂

m∗2 −m∗1

[
α

1− α(m∗2 −m∗1) + (m∗2 −m∗1)
]
φ(θ̂) +N − 2Φ(θ̂) = 0

which simplifies to

−θ̂φ(θ̂) +N − 2Φ(θ̂) = 0 (17)

Using (1), it is immediate that (17) has at most one solution, which is in-
dependent of the value of q1 and q2.

11 Furthermore, the LHS of (17) is
decreasing in θ by (1) and negative at θ = θ since Φ(θ) = N . Therefore, a
necessary condition for (17) to have a solution interior to the interval [θ, θ],
i.e., for both regions to be active, is that the LHS of (17) is positive at θ.
This holds if and only if

N > θφ(θ) (18)

In words, this condition implies that the density of firms with minimal infras-
tructure requirements is small relative to the total mass of firms, i.e., that
the left-hand tail of the distribution of firms is not too”fat”.12

Deriving a fee/subsidy equilibrium in pure strategies then follows imme-
diately from equations (15) and (16), which imply that it must satisfy:

αy2(θ̂) +m∗2

αy1(θ̂) +m∗1
=
N − Φ(θ̂)

Φ(θ̂)

11Note that (17) implies that the bound identified in condition (11) is tight for n = 2.
12In the special case of a uniform distribution of types, the solution of (17) is given by

θ̂ = (θ + θ)/3, which is larger than θ if and only if θ > 2θ.
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Combining this with (6), we find that, if there exists a fee/subsidy equilibrium
in which both regions are active, it is unique and given by the pure fee
strategies

m∗1 =
Φ(θ̂)

N − 2Φ(θ̂)
[y2(θ̂)− y1(θ̂)]− αy1(θ̂) (19)

m∗2 =
N − Φ(θ̂)

N − 2Φ(θ̂)
[y2(θ̂)− y1(θ̂)]− αy2(θ̂) (20)

Clearly, when there are two active regions, the region supplying a better
quality of infrastructure (i.e. region 2) is able to charge a higher fee or offer a

lower subsidy. Moreover, as (17) implies that N −2Φ(θ̂) > 0, and hence that

Φ(θ̂) < N/2, when there are two active regions the region with the superior
infrastructure attracts the majority of firms.

Note that both of them∗i may be either positive or negative in equilibrium.
From (19), both regions will charge a positive fee if and only if

y2(θ̂)/y1(θ̂) > 1 + α
N − 2Φ(θ̂)

Φ(θ̂)

which, from (4), holds if and only if

q2/q1 >

[
1 + α

N − 2Φ(θ̂)

Φ(θ̂)

]1−α

(21)

Thus, only if the quality of the infrastructure in the two regions is suffi-
ciently differentiated will each be able to charge a positive fee for locating
in its region. Conversely, when quality differentiation falls below a certain
threshold, viz., when

δ < q2/q1 <

[
1 + α

N − 2Φ(θ̂)

N − Φ(θ̂)

]1−α

(22)

then both regions compete by offering subsidies to firms. At interim levels
of differentiation, between the two bounds (21) and (22), region 2 competes
on quality, charging a fee for locating in its region, while region 1 competes
on price, offering a subsidy to firms locating in its region.
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Following a similar line of reasoning, the comparative statics of m∗i reveal
that:

∂m∗1/∂q1 < 0 ∂m∗2/∂q1 < 0

∂m∗1/∂q2 > 0 ∂m∗2/∂q2 > 0

When the region with the lower quality improves its quality it narrows the
gap between the two regions, intensifying fiscal competition between them,
and both regions lower their fees or increase their subsidies. Conversely, when
the higher quality infrastructure is yet further improved the two regions are
more strongly differentiated and both raise the fees they charge or lower their
subsidies.13 These inequalities will be central in the analysis of the game in
infrastructure quality levels.

Step 2. Assume that the value of θ̂ that solves (17) is no greater than θ
so that only region 2 is active: it attracts the entire population of firms while
region 1 attracts none.14 The fiscal agglomeration property yields a sufficient
condition for this to be the only possible equilibrium, viz., N ≤ θφ(θ).15 Here
we derive necessary conditions that such an equilibrium must satisfy.

If only region 2 is active, an equilibrium pair of fees (m∗1,m
∗
2) must satisfy

three conditions: (i) firms of type θ must prefer region 2 (or be indifferent
between the two regions, if we ignore sets of measure zero), (ii) region 1
cannot benefit by lowering m1 and (iii) region 2 cannot benefit by raising
m2.

(i) If a firm of type θ is either indifferent between the two regions or

13Another implicit assumption in the analysis above is that firms always find it profitable
to locate in one of the two regions, but when regions are sufficiently differentiated, the tax
m∗i could be so high that some firms would run a deficit. In order to focus on our main
argument, we choose to set boundaries on the space of regional infrastructure types to
ensure that all firms make positive profits at the fiscal competition equilibrium described by
(19) and (20). Relaxing this assumption would not change the substance of the argument
but would add to its complexity. In the fiscal competition stage, regions would have to
take into account the fact that a marginal increase of the tax rate could induce some firms
to exit entirely and not just leave one region for another. This would lead to equilibrium
taxes that are lower than those described in (19) and (20).

14An equilibrium in which only region 1, the region with the inferior infrastructure,
is active is clearly not feasible, as region 2 can attract all firms by offering the same
fee/subsidy as region 1 and earn a larger gross surplus.

15Cf. (11) and (18) above.
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prefers region 2 then m∗1 and m∗2 must satisfy

(1− α)y2(θ)−m∗2 ≥ (1− α)y1(θ)−m∗1

Equality must hold if region 2 maximizes its objective function.16 Rearrang-
ing terms, this yields

m∗2 −m∗1 = (1− α)[y2(θ)− y1(θ)] (23)

Thus the difference in fees between the two regions is bounded by the quality
gap between them.

(ii) If region 1 cannot benefit by lowering m1 when θ̂ = θ then we must
have

∂S1

∂m1

= − (1− α)θ

m∗2 −m∗1
[αy1(θ) +m∗1]φ(θ) + Φ(θ) ≥ 0

which amounts to

m∗1 ≤ −αy1(θ) (24)

(iii) Finally, if region 2 cannot benefit by raising m2 when θ̂ = θ then we
must have

∂S2

∂m2

= − (1− α)θ

m∗2 −m∗1
[αy2(θ) +m∗2]φ(θ) +N − Φ(θ) ≤ 0

Using (23) to substitute for m∗2 −m∗1 this gives

m∗2 ≥ N [y2(θ)− y1(θ)]/[θφ(θ)]− αy2(θ) (25)

Combining (23), (24) and (25), a necessary condition for m∗1 and m∗2 to
support an equilibrium in which only region 2 is active is

N [y2(θ)− y1(θ)]/[θφ(θ)]− αy2(θ) + αy1(θ) ≤ (1− α)[y2(θ)− y1(θ)] (26)

Since we have assumed q2 > q1, this implies

N ≤ θφ(θ) (27)

16Otherwise region 2 can increase its surplus by slightly raising its fee without losing
firms.
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which is the opposite of (18). If the second-order condition holds, (27) is
both necessary and sufficient for only one region to be active in equilibrium.
In this case, equilibrium values of m1 and m2 are given by (24) and (25) with
equality. If we constrain region 1 not to offer a subsidy in excess of the gross
surplus generated by the most productive firm it is able to attract, θ̂, i.e., if
we require that m∗1 ≥ −αyi(θ̂), then this equilibrium is unique.17

Step 3. Consider the case q2/q1 < δ so that the second-order conditions
for region 1 is not met, as its objective function is convex in the relevant range.
IfN ≤ θφ(θ) then this is of no consequence as region 1 is not active. However,
if N > θφ(θ) then there can be no pure strategy equilibrium, with either
one or two active regions. When this is the case there is a mixed strategy
equilibrium in which region 1 randomizes between setting a fee/subsidy that
relinquishes the entire market to region 2 and one which captures the entire
market, while region 2 adopts a pure strategy that maximizes its expected
gross surplus.18 In this case, region 1’s gross surplus is zero and region
2’s gross surplus converges to zero as the two regions become less and less
differentiated, i.e., as q2 converges to q1.

Step 4. Finally, consider the case in which both regions select the same
infrastructure quality, q. Both must then charge the same fee or offer the
same subsidy, as otherwise the region with the higher fee or lower subsidy
would not attract any firms; denote this common fee or subsidy m. Assuming
that firms of each type are equally split between the two regions, each region
has a gross surplus (before deducting the cost of providing the infrastructure)
equal to

1

2

[
α

∫ θ

θ

y(θ)dθ +mN

]
where a negative value of m denotes a subsidy. Competition between the
two regions is entirely price-based in this case, with small differences in fees
or subsidies generating large swings in firm location. Consequently, both
regions offer larger and larger subsidies until their gross surplus equals zero,
at which point neither region can gain by further decreasing its fee. Thus if

17Without assuming this condition, there could be an inessential multiplicity of equilibria
corresponding to a continuum of fees which leave region 1 empty while it offers a subsidy
larger than αy1(θ). In all of these equilibria, region 1 does not attract any firms and does
not distribute any subsidies, thus earning zero gross surplus.

18See Appendix B.
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q1 = q2, in second-stage equilibrium both regions offer the same subsidy,

m∗ = − α
N

∫ θ

θ

y(θ)dθ (28)

Given that both regions must also bear the cost c(q) of providing the infras-
tructure, when regions do not differentiate the quality of their infrastructures,
head-to-head fiscal competition generates a negative net surplus in each re-
gion, draining resources for local development.

Collecting results, we obtain

Proposition 2 Consider a two-region economy and assume that region 1 is
constrained not to offer subsidies in excess of the gross surplus it can generate
from the most productive firm in its region, i.e., m∗1 ≥ −αy1(θ̂), while the
distribution of firms’ types is such that the second-order condition holds for
region 2.

(i) If q2/q1 ≥ δ > 1 and N > θφ(θ), then there exists a unique equilibrium
in which both regions are active, and the fee/subsidy levels are given by (19)
and (20).

(ii) If q2 > q1 and N ≤ θφ(θ), then there exists a unique equilibrium in
which region 2 attracts all firms, and the fees that support this equilibrium
are given by (24) and (25) with equality.

(iii) If δ > q2/q1 > 1 and N > θφ(θ), then there exists an equilibrium in
which region 1 employs a mixed strategy and earns zero expected gross surplus,
while region 2 responds with a pure strategy and earns a gross surplus that
converges to zero as the two regions become less and less differentiated, i.e.,
as q2 converges to q1.

(iv) If q2 = q1, then there exists a unique equilibrium in which both regions
offer the same subsidy, share the population of firms equally between them,
and have zero gross surplus.

5 Choosing Infrastructure Quality Levels

We now turn to the first stage in which the two regions choose their infras-
tructure quality levels, anticipating the fee structures in second-stage equi-
librium derived in the previous section. We assume that the measure of firms
is sufficiently large to allow for an equilibrium in which both firms are active
(N > θφ(θ)), which is described in the preceding proposition. The strategies
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of the first-stage game are the infrastructure quality levels q1, q2 ∈ [q, q]. For
simplicity, we also assume that c(q) is small enough for the two regions to
have a positive net surplus in the equilibrium of the first stage game.

Consider region 1 first. When q2/q1 < δ so that second-order conditions
do not hold, region 1’s gross surplus is identically zero, and so

∂S1

∂q1
= −c′(q1) < 0

and region 1 seeks to set the lowest possible infrastructure quality level.
When q2/q1 ≥ δ so that second-order conditions hold for both regions and
region 1 employs a pure fee strategy, its net surplus is given by

S1 =

∫ θ̂

θ

[αy1(θ) +m∗1]φ(θ)dθ − c(q1)

where θ̂ is independent of the quality levels, and given by (17); and m∗1 is
determined by (19). Taking the derivative we obtain

∂S1

∂q1
=

∫ θ̂

θ

∂[αy1(θ; q1) +m∗1(q1, q2)]

∂q1
φ(θ)dθ − c′(q1) (29)

The sign of the integrand is not immediately apparent, as y1(θ; q1) is increas-
ing in q1 while m∗1 is decreasing, but closer inspection reveals that the second
effect is dominant. The integrand in (29) is negative when evaluated at θ̂.
Indeed, (14) implies that

∂[αy1(θ̂; q1) +m∗1(q1, q2)]

∂q1
=

∂

∂q1

{
Φ(θ̂)

N − 2Φ(θ̂)
[y2(θ̂; q2)− y1(θ̂; q1)]

}
< 0

since ∂y2(θ̂)/∂q1 = 0 and ∂y1(θ̂)/∂q1 > 0. Moreover, the same integrand is
increasing in θ as

∂[αy1(θ; q1) +m∗1(q1, q2)]

∂q1∂θ
=

α

(1− α)2

y1

q1θ
> 0

Hence it must be negative for all values of θ < θ̂, and the first term on the
right-hand side of (29) is negative. As c is increasing, ∂S1/∂q1 < 0. Therefore
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in this range, too, region 1’s dominant strategy is to chose the lowest possible
infrastructure quality, q, irrespective of region 2’s choice of quality level.

Consider region 2 next, and we need only consider its optimal response to
q1 = q. For q2 ≥ δq so that second-order conditions hold for both regions, and
there is a fee/subsidy equilibrium in pure strategies, region 2’s net surplus is
given by

S2 =

∫ θ

θ̂

[αy2(θ) +m∗2]φ(θ)dθ − c(q2)

where θ̂ is given by (17) and independent of the quality levels; and m∗2 is
given by (20). Differentiating region 2’s objective function then yields

∂S2

∂q2
=

∫ θ

θ̂

∂[αy2(θ; q2) +m∗2(q1, q2)]

∂q2
φ(θ)dθ − c′(q2)

As both y2 and m∗2 are increasing in q2, the optimal choice of q2 in the
range [δq, q] will depend on the relative steepness of c. If c is not too steep
in relation to the slope of the benefit term then it is optimal for region 2
to provide the highest quality of infrastructure, i.e. to set q2 = q; if c is
moderately steep then q2 should be set at a level that equates the marginal
benefit of improved infrastructure to its the marginal cost; and if c is very
steep the optimal choice of q2 in the range [δq, q] is δq. Similarly, S2 is
increasing in q2 in the interval [1, δq], and the optimal choice will similarly
vary with the steepness of c (a detailed analysis is provided in appendix B).

Thus, provided that c is not too steep, there exist strong incentives for
both regions to differentiate themselves by offering different qualities of in-
frastructure. Such a policy allows them to alleviate the burden of fiscal
competition and to collect larger surpluses where head to head competition
leads to zero gross surplus.

We summarize our results in the following proposition:

Proposition 3 In a two-region economy it is always optimal for region 1
to choose the lowest infrastructure quality, q∗1 = q, while region 2’s choice
of infrastructure depends on the steepness of the infrastructure quality cost
function c(q). If c(q) does not increase too steeply with q, then region 2
chooses q∗2 = q̄; if c(q) increases more steeply, then region 2 chooses an
infrastructure quality lower than q̄.

Each of the equilibrium quality levels and fees we have described rep-
resents, in effect, two equilibria, in which the roles of the two regions are
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permuted, and in which generally one region is better off than the other.
Nevertheless, whichever region gains more, both are better off if they differ-
entiate themselves by offering different qualities of infrastructure. This allows
them to make positive gains whereas head-to-head competition in subsidies,
absent differentiation, would result in a negative net surplus.

Further bounds on the quality range of available infrastructure can be
derived by examining the relationship between the costs and benefits of in-
frastructure quality. Note that the fee a region charges cannot exceed what
the best-practice firm is willing to pay

mi ≤ (1− α)ŷi(θ; qi)

Similarly, as regions can ensure nonnegative surplus by setting qi = q, in
equilibrium we must have

c(qi)

Ni

− αŷi(θ; qi) ≤ mi

Combining the two inequalities, we have

c(qi) ≤ Niŷi(θ; qi) = Nθ
1

1−α q
1

1−α
i

(α
w

) α
1−α

which may be rewritten as follows:

qi ≥ K[c(qi)]
1−α

where K is a positive constant independent of qi. Several cases may then
arise: (i) if [c(q)]1−α is a convex function of q, then the available range of
infrastructure quality is bounded above by the solution of q = K[c(q)]1−α; (ii)
if [c(q)]1−α is a concave function of q, then the available range of infrastructure
quality is bounded below by the solution of q = K[c(q)]1−α; and (iii) if
[c(q)]1−α is first concave in q (indicating an initial threshold quality that
must be crossed) and then convex in q (reflecting an ultimate increase in the
marginal cost of quality), the available levels of infrastructure quality are
contained in an interval of intermediate values of q.

6 Concluding Remarks

We have seen that regions competing to attract investment by industrial firms
can gain by differentiating the quality of infrastructure they offer rather than
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offering standard infrastructure and competing head-to-head on subsidies.
When regions compete on infrastructure quality they have an inherent in-
centive to increase the degree of differentiation between them, which reduces
the dissipation of regional surplus through Tiebout competition. However,
the viability of this approach depends on two primary conditions: there must
be a sufficiently wide effective range of infrastructure quality in which the
cost of quality improvements is not prohibitively steep; and there must be
sufficient heterogeneity in firms’ willingness to pay for infrastructure qual-
ity. We show how this latter condition sets an upper bound on the number
of regions successfully able to participate in the location market. This fis-
cal agglomeration property suggests that geographic concentrations of firms
may derive from fiscal competition among regions in the quality of the local
infrastructure they offer, an explanation which is consistent with, but dis-
tinct from, other explanations of agglomeration that figure prominently in
the recent literature on economic geography.

There are numerous avenues for further extending this approach. We
have concentrated here on vertical differentiation, ignoring its horizontal di-
mension, thus effectively treating different industry segments as unconnected
to each other. This ignores inter-industry effects which may have a signif-
icant impact on costs, through economies of scope, and on the intensity of
inter-regional competition. A multi-dimensional description of infrastructure
quality could address these issues.19 We have also assumed an exogenous
wage rate, adopting a partial equilibrium approach in which labor is com-
pletely mobile. A general equilibrium approach would allow issues arising
from the interdependence between investments in infrastructure and global
labor demand to be considered; and if labor is less than perfectly mobile,
the interaction between the location of firms and local labor markets could
also be addressed. Another absent dimension is the existence of larger firms
that interact strategically with regions (larger multinationals are often eco-
nomically more powerful than the regions in which they locate), and bargain
with them, generally under conditions of asymmetric information. One pos-
sible line of research in this vein might recognize that regional governments
may be poorly informed about the specific contribution of individual firms
to regional welfare [2]; and firms’ information about the quality of regional

19In Justman et al. (2001) we consider horizontal differentiation in infrastructure but
without a dimension of quality. A multi-dimensional approach would incorporate both
types of differentiation.
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infrastructure could also be less than perfect [13]. Another possible extension
might address the political economy of regional development policy, in the
spirit of Justman and Thisse [10]: identifying the varying effect of infrastruc-
ture policy on different groups in the region, and considering how the regional
political balance of forces might affect regional investments in infrastructure
and the consequent rate and direction of regional development.

Finally, we focused in this paper on a positive analysis of fiscal com-
petition. There are important normative issues regarding the efficiency of
infrastructure development and the distribution of wealth induced by differ-
ent patterns of development, which we have not addressed. Abstracting from
distributional issues, the public good nature of infrastructure suggests that it
might be technically optimal to gather all firms in one region and supply the
quality of infrastructure that equalizes marginal cost and marginal benefit.
Hence, fiscal competition through technological infrastructure would lead to
wasteful diversity, whereas the quality supplied under competition would be
too low. However, this must be tempered in the first instance by congestion
effects, and more fundamentally by the immobility of regional assets and
of regional populations, which we have excluded from our analysis. Such
considerations militate for a more balanced distribution of investments in
infrastructure.
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APPENDIX

A. Second-order conditions

Lemma A.1. There exists δ such that 1 < q2/q1 < δ (resp. q2/q1 ≥ δ >
1) implies

∂2S1/∂m
2
1

∣∣
m1=m∗1,m2=m∗2

≥ 0 (resp. < 0)

Proof. Differentiating (14) with respect to m1 yields
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∂θ̂

∂m1

∣∣∣∣∣
m1=m∗1,m2=m∗2

= − (1− α)θ̂

m∗2 −m∗1
(A.1)

so that ∂S1/∂m1 may be rewritten as follows:

∂S1

∂m1

= − (1− α)θ̂

m∗2 −m∗1

[
αy1(θ̂) +m∗1

]
φ(θ̂) + Φ(θ̂)

Differentiating ∂S1/∂m1 with respect to m1, we get

∂2S1

∂m2
1

= − (1− α)θ̂

(m∗2 −m∗1)2
[αy1(θ̂)+m∗1]φ(θ̂)− (1− α)θ̂

m∗2 −m∗1
φ(θ̂)+

∂2S1

∂m1∂θ̂

∂θ̂(m∗1,m
∗
2)

∂m1

Differentiating ∂S1/∂m1 with respect to θ̂ and using (A.1) leads to

∂2S1

∂m1∂θ̂
= −

[
2− α
1− α

Φ(θ̂)

θ̂
− φ(θ̂)

m∗2
m∗2 −m∗1

+ φ′(θ̂)
Φ(θ̂)

φ(θ̂)

]
Hence,

∂2S1

∂m2
1

=
1− α

m∗2 −m∗1

{
Φ(θ̂)

[
1 +

φ′(θ̂)

φ(θ̂)θ̂

]
−

(
1 +

m∗2
m∗2 −m∗1

)
θ̂φ(θ̂)

}
Since m∗2 > m∗1 we have

∂2S1

∂m2
1

7 0⇔ Φ(θ̂)

[
1 +

φ′(θ̂)

φ(θ̂)θ̂

]
/[θ̂φ(θ̂)]− 1 7

m∗2
m∗2 −m∗1

where, from (13) and (20)

m∗2
m∗2 −m∗1

=
N − Φ(θ̂)

(1− α)
[
N − 2Φ(θ̂)

] − αy2(θ̂)

(1− α)
[
y2(θ̂)− y1(θ̂)

]
=

N − Φ(θ̂)

(1− α)
[
N − 2Φ(θ̂)

] − αq
1

1−α
2

(1− α)

(
q

1
1−α
2 − q

1
1−α
1

)
=

N − Φ(θ̂)

(1− α)
[
N − 2Φ(θ̂)

] − α

(1− α)
[
1− (q2/q1)

− 1
1−α

]
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Therefore

∂2S1

∂m2
1

7 0⇔ α

(1− α)
(
1− (q2/q1)

− 1
1−α

)
7 1 +

N − Φ(θ̂)

(1− α)
[
N − 2Φ(θ̂)

] − Φ(θ̂)

[
1 +

φ′(θ̂)

φ(θ̂)θ̂

]
/[θ̂φ(θ̂)]

Since the LHS of the second inequality has a vertical asymptote at q1 =
q2 and is an decreasing function of q2/q1 when q2 > q1, while the LHS is
independent of q1/q2, there exists δ > 1 for which ∂2S1/∂m

2
1 < 0 (resp. ≥ 0)

when δ < q2/q1 (resp. 1 < q2/q1 ≤ δ).

Lemma A.2. A sufficient condition for the second-order condition to
hold for region 2 is given by

3Φ(θ̂)−N
N − 2Φ(θ̂)

+ α < 0

Proof. Differentiating (14) with respect to m2 yields

∂θ̂

∂m2

∣∣∣∣∣
m1=m∗1,m2=m∗2

=
(1− α)θ̂

m∗2 −m∗1
(A.2)

so that ∂S2/∂m2 may be rewritten as follows:

∂S2

∂m2

= − (1− α)θ̂

m∗2 −m∗1
[αy2(θ̂) +m∗2]φ(θ̂) +N − Φ(θ̂)

Since
∂y2(θ̂)

∂θ̂
=

y2(θ̂)

(1− α)θ̂

we obtain

∂2S2

∂m2
2

=
(1− α)θ̂

(m∗2 −m∗1)2
[αy2(θ̂) +m2]φ(θ̂)− (1− α)θ̂

m∗2 −m∗1
φ(θ̂) +

∂2S2

∂m2∂θ̂

∂θ̂

∂m2

Differentiating ∂S2/∂m2 with respect to θ̂ and using (A.2) leads to

∂2S2

∂m2∂θ̂
== −

[
2− α
1− α

N − Φ(θ̂)

θ̂
− φ(θ̂)

m1

m∗2 −m∗1

]
− φ′(θ̂)N − Φ(θ̂)

φ(θ̂)
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Therefore, we get

∂2S2

∂m2
2

=
1− α

m∗2 −m∗1

{
2m∗1 −m∗2
m∗2 −m∗1

θ̂φ(θ̂)− [N − Φ(θ̂)]

[
1 +

φ′(θ̂)

φ(θ̂)θ̂

]}

Since
φ′(θ̂)

φ(θ̂)θ̂
> −1

holds by assumption, a sufficient condition for ∂2S2/∂m
2
2 to be negative is

that

2m∗1 −m∗2 = [y2(θ̂)− y1(θ̂)]

[
3Φ(θ̂)−N
N − 2Φ(θ̂)

+ α

]
− αy1(θ̂) < 0

In turn, this condition is always satisfied when

3Φ(θ̂)−N
N − 2Φ(θ̂)

+ α < 0

since y2(θ̂) > y1(θ̂).

B. The fee/subsidy policy when q2/q1 ≤ δ and N > θφ(θ)

We consider here the special case in which N > θφ(θ) rules out the possi-
bility of a pure-strategy equilibrium in which only one region is active, while
insufficient differentiation of infrastructure quality implies that the second-
order condition does not hold for region 1, and so a pure strategy equilibrium
in which both regions are active is also ruled out. We show that in this case
there is a mixed-strategy equilibrium in which region 1 earns zero gross sur-
plus while region 2’s surplus goes to zero when the degree of differentiation
becomes arbitrarily small.

Denote region i’s reaction function in pure strategies to region j’s choice
of fee by m∗i (mj), i.e., it is the choice of mi that maximizes Si given mj. As
in the text, we assume that the second-order condition holds for region 2, so
that m∗2(m1) is a continuous, increasing function of m1 uniquely determined
by its first-order condition. However, S1(m1;m2) is convex in m1, so that for
givenm2 region 1’s maximal surplus is achieved at one of two extremal values,
m1(m2) and m1(m2), where m1(m2) is the maximal fee that allows region 1
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to capture the entire range of firm types, while m1(m2) is the minimal fee
such that region 1 attracts no firms:

m1 (m2) ≡ m2 − (1− α)
[
y2(θ)− y1(θ)

]
m1 (m2) ≡ m2 − (1− α) [y2(θ)− y1(θ)]

Clearly, it can never be in region 1’s interest to set a fee lower than the highest
fee that attracts all firms, and in order to avoid inessential ambiguities, we
also posit that it never sets a fee in excess of m1(m2) as such a fee is never
collected. Thus

m1 (m2) ≤ m∗1 (m2) ≤ m1(m2)

Denoting the corresponding extremal values for region 2

m2 (m1) ≡ m1 + (1− α) [y2(θ)− y1(θ)]

m2 (m1) ≡ m1 + (1− α)
[
y2(θ)− y1(θ)

]
a similar line of reasoning implies that

m2 (m1) ≤ m∗2(m1) ≤ m2 (m1)

Given a choice of fee m2 by region 2, region 1’s extremal response can be
determined by comparing S1(m1(m2);m2) and S1(m1(m2);m2). The defini-
tion ofm1 implies that S1(m1(m2);m2) = 0, while straightforward calculation
yields

S1(m1(m2);m2) =

∫ θ

θ

[αy1(θ) +m1(m2)]φ(θ)dθ − c(q1) (A.3)

= α

∫ θ

θ

y1(θ)φ(θ)dθ +m1(m2)N − c(q1)

= α

∫ θ

θ

y1(θ)φ(θ)dθ − (1− α) [y2(θ)− y1(θ)]N +m2N − c(q1)

which is an increasing linear function of m2. Hence, there is a unique value
m̃2 at which region 1’s gross surplus equals zero (so that S1(m1(m̃2); m̃2) =
−c(q1)), with S1(m1(m2);m2) > S1(m1(m2);m2) whenm2 > m̃2 and S1(m1(m2);m2) <
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S1(m1(m2);m2) when m2 < m̃2. Consequently, region 1’s reaction function,
m∗1(m2), is given by

m∗1(m2) =

{
m1 (m2) when m2 > m̃
m1 (m2) when m2 < m̃

with region 1 indifferent between m1 (m̃2) and m1 (m̃2) since its gross surplus
is zero in both cases.

Lemma A.3.For any value of m2, we have

m∗2(m1(m2)) ≥ m2 ≥ m∗2(m1(m2))

Proof. To prove the first inequality note that

m∗2[m1(m2)] ≥ m2[m1(m2)]

where by definition

m2(m1(m2)) = m2 − [y2(θ)− y1(θ)] + [y2(θ)− y1(θ)] = m2

Similarly
m∗2(m1(m2)) ≤ m2(m1(m2))

where

m2(m1(m2)) = m2 +
[
y2(θ)− y1(θ)

]
−

[
y2(θ)− y1(θ)

]
= m2

proving the second inequality.
Proposition A.4. If q2/q1 ≤ δ and N > θφ(θ), then it is an equilibrium

in mixed strategies for region 2 to set its fee equal to m̃2 and for region 1 to
set its fee equal to m1(m̃2) with probability p and m1(m̃2) with probability
1− p where 0 ≤ p ≤ 1 is given by

p =
∂S2(m̃2,m1(m̃2))/∂m2

∂S2(m̃2,m1(m̃2))/∂m2 − ∂S2(m̃2,m1(m̃2))/∂m2

Region 1 obtains zero expected gross surplus and region 2 obtains an ex-
pected gross surplus proportional to

q
1

1−α
2 − q

1
1−α
1
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which goes to zero as q2 approaches q1.
Proof. By definition of m̃2 region 1 can do no better than earn zero gross
surplus in response, and as

S1(m1(m̃2); m̃2) = S1(m1(m̃2); m̃2) = −c(q1)

region 1’s posited mixed strategy is an optimal response. To see that m̃2 is
an optimal response for region 2 to region 1’s mixed strategy, note that if it
sets its fee/subsidy equal to m2 its expected gross surplus is

ES(m2) ≡ pS2(m2,m1(m̃2)) + (1− p)S2(m2,m1(m̃2))− c(q2)

the derivative of which is

ES ′(m2) = p∂S2(m2,m1(m̃2))/∂m2 + (1− p)∂S2(m2,m1(m̃2))/∂m2

It follows immediately from the definition of p and straightforward substitu-
tion that ES ′(m̃2) = 0 so that region 2’s gross surplus is maximized at m̃2

(the second-order condition follows immediately from our assumption that it
is generally satisfied for region 2).

Next, we show that our choice of p satisfies 0 ≤ p ≤ 1. Note first that
S2(m2,m1(m̃2)) is maximized at m∗2(m1(m̃2)), and m̃2 ≥ m∗2(m1(m̃2)) from
Lemma A.3. Consequently, as the second-order condition holds for region 2,
we must have ∂S2(m̃2,m1(m̃2))/∂m2 ≤ 0 at m̃2. Similarly, S2(m2,m1(m̃2))
is maximized at m∗2(m1(m̃2)), and m̃2 ≤ m∗2(m1(m̃2)) from Lemma A.3.
Consequently, as the second-order condition holds for region 2, we must have
∂S2(m̃2,m1(m̃2))/∂m2 ≥ 0 at m̃2. Hence, it must be that

0 ≤ p =
∂S2(m̃2,m1(m̃2))/∂m2

∂S2(m̃2,m1(m̃2))/∂m2 − ∂S2(m̃2,m1(m̃2))/∂m2

≤ 1

Finally, region 2’s expected gross surplus in equilibrium is given by

ES(m̃2) = (1− p)
∫ θ

θ

[αy2(θ) + m̃2]φ(θ)dθ − c(q2)

= (1− p)
[
α

∫ θ

θ

y2(θ)φ(θ)dθ + m̃2N

]
− c(q2)
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since m1 = m1(m̃2) implies θ̂ = θ and m1 = m1(m̃2) implies θ̂ = θ. By
definition of m̃2, it follows from (A.3) that

α

∫ θ

θ

y1(θ)φ(θ)dθ + m̃2N − (1− α) [y2(θ)− y1(θ)]N = 0

and so

ES(m̃2) = (1− p)
{
α

∫ θ

θ

y2(θ)φ(θ)dθ + m̃2N

}
− c(q2)

= (1− p)
{
α

∫ θ

θ

[y2(θ)− y1(θ)]φ(θ)dθ + (1− α)[y2(θ)− y1(θ)]N

}
− c(q2)

= (1− p)(α
w

)
α

1−α

(
q

1
1−α
2 − q

1
1−α
1

)
×[

α

∫ θ

θ

θ
1

1−αφ(θ)dθ + (1− α)θ
1

1−αN

]
− c(q2)

Thus region 2’s expected gross surplus is proportional to q
1

1−α
2 − q

1
1−α
1 , which

goes to zero as q2 approaches q1.
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