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Abstract

This paper investigates the impact of the heterogeneity of the labor force on
the spatial distribution of activities. This goal is achieved by applying the tools
of discrete choice theory to an economic geography model. We show that taste
heterogeneity acts as a strong dispersion force. We also show that the relationship
between the spatial distribution of the industry (the wage differential) and trade
costs is smooth and bell-shaped. Finally, while Rawlsian equity leads to the dis-
persion of industry, our analysis reveals that efficiency leads to a solution close to
the market outcome, although the latter is likely to involve too much agglomeration

compared to the former.
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1 Introduction

The evolution of the spatial distribution of population and industry is known to be
strongly correlated to the various stages of economic development (Williamson, 1965;
Alonso, 1980; Wheaton and Shishido, 1981; Alperovich, 1993). In particular, it is often
argued that a high degree of urban concentration together with a widening wage differ-
ential is expected to arise during the early phases of economic growth; as development
proceeds, spatial deconcentration and a narrowing wage differential should occur. How-
ever, it is fair to say that the empirical literature does not provide clear-cut evidence
supporting the bell-shaped hypothesis, thus suggesting that it remains “hypothetical”.
This paper aims at contributing to this debate by providing some theoretical foundations
to the bell-shaped hypothesis. To do so, we combine a new model of economic geography
with a discrete choice model of migration. Among other things, this allows us to show how
falling transport costs and individual heterogeneities in perceptions of regional differences
interact to affect firms’ and workers’ locations and, therefore, the geographical pattern of
the industry and population.

It is well known that economic geography models rest on very strong assumptions
(see Fujita, Krugman and Venables, 1999, for an extensive overview). In particular, they
all assume that individuals have the same preferences. Although this assumption is not
uncommon in economic modeling, it seems highly implausible that all potentially mobile
individuals will react in the same way to a given “gap” between regions. Some people
show a high degree of attachment to the region where they are born; they will stay put
even though they may guarantee to themselves higher living standards in other places.
In the same spirit, life-time considerations such as marriage, divorce and the like play
an important role in the decision to migrate (Greenwood, 1985). Note also that regions
are not similar and exhibit different natural and cultural features, whereas people value
differently local amenities (Rosen, 1979; Roback, 1982; Courant and Deardorff, 1993;
Brueckner, Thisse and Zenou, 1999). More precisely, as argued in hedonic models of

migration, once individual welfare level gets sufficiently high through the steadily increase



of income, workers tend to pay more attention to the non-market attributes of their
environment (Knapp and Graves, 1989). Typically, individuals exhibit idiosyncratic tastes
about such attributes. Falling transport costs and more heterogenous individuals can
therefore be considered as being closely related to the level of economic development.
This is why we believe it is important to investigate how heterogeneity in migration
behavior may affect the core-periphery model.

Furthermore, although the standard assumption of a priori identical regions made in
economic geography is convenient to isolate the pure effects generated by the interplay
between the agglomeration and dispersion forces, it does not permit us to study the impact
of differential amenities. Yet, empirical evidence shows that natural amenities, such as
a coastal location and good climate, may explain the spatial distribution of industrial
activities (Perloff, Dunn, Lampard and Muth, 1960; Mills, 1972; Black and Henderson,
1999; Gallup, Sachs and Mellinger, 1999). This is our second modification of the core-
periphery model: amenity levels need not be the same across regions but are given. Indeed,
our model allows for a simple determination of the market outcome even when regions
have different amenities. In such a context, both the market outcome and the optimum
are asymmetric and it is worthwhile exploring their difference.

To sum up, we consider a setting in which potentially mobile workers make their
decision to move (or to stay put) because of non-economic considerations. As argued in the
foregoing, these considerations are fundamental ingredients of the migration decisions and
should be accounted for explicitly in workers’ preferences. Even though individuals may
all agree about some amenity differential, they differ in their reactions because personal
motivations are quite diverse. Although such motivations are difficult to model at the
individual level, Miyao (1978), Ginsburgh, Papageorgiou and Thisse (1985), and Tabuchi
(1986) have argued that it is possible to identify their aggregate impact on the spatial

1Our approach somewhat resembles that followed by Brueckner et al. (1999). These authors assume
that households with different incomes may react differently to the presence of urban amenities. In this
paper, we assume that individuals react differently to differences in regional amenities according to the

stage of development of the economy.



distribution of economic activities by using discrete choice theory. Specifically, we assume
in this paper that the “matching” between individuals and regions is expressed through
the binary logit (McFadden, 1974). This assumption turns out to be empirically relevant in
migration modeling (Anderson and Papageorgiou, 1994), while it is analytically convenient
without affecting the qualitative nature of our main results.? Finally, it will be useful to
consider the case of symmetric regions because objective amenity differential may not
exist.

Previewing our main results, we show that taste heterogeneity is a strong disper-
sion force that drastically affects the conclusions inferred from the core-periphery model.
More precisely, as transport costs steadily decrease, the equilibrium configuration typ-
ically involves, first, dispersion, then partial agglomeration and, last re-dispersion. In
other words, the relationship between the spatial distribution of the industry and transport
costs s bell-shaped. Such a pattern has already been observed in some variants of the
standard core-periphery model. For example, if one assumes that the agglomeration of in-
dustry in one region generates higher urban costs, such as land rent and commuting costs,
a sufficiently strong decrease in transport costs between regions will foster re-dispersion
when firms located in the core region have to pay high wages to their workers (Tabuchi,
1998). Another example is when all workers are immobile, whereas agglomeration of the
industrial sector may arise because of technological linkages with the intermediate sec-
tor. In this case, the wage in the core region may become so high that re-dispersion is
profitable for firms (Krugman and Venables, 1995).

In addition, we will see that the more heterogenous the population of mobile workers,
the more likely the dispersed configuration. Specifically, even when agglomeration occurs,
it involves a weaker degree of concentration of firms and workers than the core-periphery

model, while the agglomeration process is gradual instead of exhibiting a bang-bang be-

2Tt is worth noting that this modeling strategy provides us with a first reconciliation between economic
geography and spatial interaction theory. Although this branch of regional science was relegated by
Krugman (1995) in the “five lost traditions” of economic geography, it is our contention that it remains a
lively and promising research domain. Thus, connecting the two fields is likely to be relevant from both

the theoretical and empirical points of view.



havior. All these results strike us as being more plausible than existing ones and show
how heterogeneity in workers’ attitudes toward migrations have a profound impact on the
spatial distribution of industry and, therefore, on the nature of trade. Still, our model
yields the usual core-periphery structure, but only in the limiting case in which mobile
workers are homogenous. At the other extreme, dispersion is the only market outcome
when heterogeneity among workers is sufficiently strong. Interestingly, our welfare analy-
sis reveals that the efficient configuration displays a pattern similar to that of the market
equilibrium, although both excessive or insufficient agglomeration may arise. However,
the general trend looks like too much agglomeration in equilibrium.

We may thus conclude that technological development in transport is likely to foster
extreme agglomeration of industry in developing countries because workers are mainly
motivated by the search of higher living standards. As the economy grows, agglomera-
tion forces are likely to be weakened because individuals value increasingly non-economic
attributes of regions, although inertia in urban structures may slow down the process of
re-dispersion. In other words, our results provide a formal justification of the observed
bell-shaped relationship between economic development and regional disparities.® They
also suggest that the spatial pattern of production in post-industrial societies might well
differ from what it has been in the industrial societies we have known (Geyer and Kon-
tuly, 1996; MacKellar and Vining, 1995). Before proceeding, we want to make it clear
that we would be the last to claim that changes in the heterogeneity of perceiving re-
gional differences is the only factor explaining the spatial evolution of the industry. It is
our contention, however, that this factor is fundamental for the making of the economic
landscape once economies have reached some development level.

The remaining of the paper is organized as follows. The model is presented in the
subsequent section. The market outcome, with asymmetric and symmetric regions, is
analyzed in Section 3. Interregional differential in nominal wages are examined in Sec-

tion 4. The comparison between the equilibrium outcome and the first best optimum

3Such a bell-shaped relationship seems to hold in the cases of Mexico (Dehghan and Uribe, 1999) and
of Israel (Alperovich, 1992).



is conducted in Section 5 for the cases of asymmetric and symmetric regions. Section 6

concludes.

2 The model

Consider the following setting developed by Ottaviano, Tabuchi and Thisse (2002). The
economic space is made of two regions, denoted H and F'. There are two factors, denoted
A and L. Factor A is evenly distributed across regions and is spatially immobile. Factor
L is mobile between the two regions and A € [0, 1] denotes the share of this factor located
in region H. For expositional purposes, we refer to sector A as ‘agriculture’ and sector
L as ‘manufacturing’. Accordingly, we call ‘farmers’ the immobile factor A and ‘workers’
the mobile factor L. There are two goods in the economy. The first good is homogenous.
Consumers have a positive initial endowment of this good which is also produced using
factor A as the only input under constant returns to scale and perfect competition. This
good can be traded freely between regions and is chosen as the numéraire. The other good
is a horizontally differentiated product; it is supplied by using both A and L as inputs
under increasing returns to scale and monopolistic competition.
The welfare of any particular individual depends on two different groups of variables:
(i) the differentiated product and the numéraire that are supplied by the market and (ii)
the amenity differential and the matching between this individual and each region (which
stand for the environmental and non-economic variables influencing the individual choice
of a location). We deal here with the former group, whereas the latter is discussed in the
next section. Preferences about the differentiated product and the numéraire are identical
across individuals. They are described by a quasi-linear utility with a quadratic subutility
symmetric in all varieties:
N N B=8 (N
Ulaati)i € 0.N) = a [ o= =52 [ P (1)

0
2

- UONq(odz} ao

where ¢(i) is the quantity of variety 7 € [0, N] and ¢y the quantity of the numéraire. The
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parameters are such that & > 0 and > 6 > 0. In (1), o expresses the intensity of pref-
erence for the differentiated product, whereas 3 > ¢ means that consumers have a love
of variety. Finally, for a given value of (3, the parameter 6 expresses the substitutability
between varieties: the higher ¢, the closer substitutes the varieties. We use a quasi-linear
utility that abstracts from general equilibrium income effects for analytical convenience.
Although this modeling strategy gives our framework a fairly strong partial equilibrium
flavor, it does not remove the interaction between product and labor markets, thus allow-
ing us to develop a full-fledged model of agglomeration formation, independently of the
relative size of the industrial sector.

Any worker is endowed with one unit of labor and g, > 0 units of the numéraire. Her

budget constraint can then be written as follows:

N
/ ()i + g = w+ 7,
0

where w is the worker’s wage and p(i) the price of variety i. The initial endowment g, is
supposed to be sufficiently large for the equilibrium consumption of the numéraire to be
positive for each individual. This assumption allows us to focus on interior solutions only
and is consistent with the idea that each worker is interested in consuming both types of
goods.

Turning to the supply side, technology in agriculture requires one unit of A in order
to produce one unit of output. With free trade in agriculture, the choice of this good
as the numéraire implies that in equilibrium the wage of the farmers is equal to one in
both regions, that is, wi} = wi = 1. Technology in manufacturing is such that producing
q(7) units of variety i requires ¢ units of L and mg(i) units of A. Such a technology
exhibits scale economies and aims at capturing the idea that the factor standing behind
the fixed costs corresponds to some form of skilled labor (e.g. when these costs corre-
spond to research and development and /or advertising and sales promotion). By contrast,
once these expenses have been incurred, production itself is undertaken by using workers

coming from the agricultural sector. This corresponds to a reformulation of Krugman’s

(1991) model that has been put forward recently in economic geography (Ottaviano, 2001;



Fujita and Thisse, 2002, chs.9 and 11). Without much loss of generality, we may therefore
assume m = 0.* We assume that there is continuum N of potential firms and denote by
A the fraction of workers (L) living in region r, with Ay + Ap = 1.

There are no scope economies so that, due to increasing returns to scale, there is
a one-to-one relationship between firms and varieties. Each variety can be traded at a
positive cost of 7 units of the numéraire for each unit transported from one region to the
other, regardless of the variety, where 7 accounts for all the impediments to trade. Since
each firm sells a differentiated variety, it faces a downward sloping demand. Each firm
has a negligible impact on the market outcome in the sense that it can ignore its influence
on, and hence reactions from, other firms. However, aggregate market conditions of some
kind (here average price across firms) affects any single firm. This provides a setting in
which individual firms are not competitive (in the classic economic sense of having infinite
demand elasticity) but, at the same time, they have no strategic interactions with one

another. The demand for variety ¢ € [0, N] may be shown to be given by:
q(i) =a— (b+cN)p(i) + cP (2)
where

p= /0 Y i

which can be interpreted as the price index in the modern sector, while a = «o/[(f +
(N-1)8,b=1/[B+ (N —1)§] and ¢ = /(3 — 6)[3 + (N — 1)6]. The indirect utility

corresponding to the demand system (2) is as follows:

Viwipti) i€ 0.8 = o [ ptanti+ 25 [ pioa
- g [/ONp(i)di]2+w+qO

Let n, be the number of firms in region r. Labor market clearing therefore implies

“When m > 0, the thresholds 7* and 7° turn out to be the same provided that a be replaced by

a —mb. Such a simplifying assumption is often made in industrial organization; see, e.g. Vives (1990).



that

AL
ny = — 3
5 (3)
hence,
L =¢N

so that the total number of firms in the economy is N = L/¢. Since workers and firms
move together, immigrants do not displace native workers but start new businesses and
create jobs for the region.

In accordance with empirical observations, we assume that each firm is able to set a
price specific to the market in which its product is sold, that is, markets are segmented
(Greenhut 1981; Head and Mayer, 2000; McCallum, 1995). Hence, the profits made by a

firm in region r = H, F' are defined as follows:

Hr = pTTqTT(pTT>(A/2 + )\’I‘L> + (prs - T)Qrs<prs>(A/2 + )\SL) - str

where w, stands for the wage prevailing in region r.
Each firm ¢ in region r maximizes its profit II,, assuming accurately that its price

choice has no impact on the regional price indices

= [ petdis [t sz
0 0

Since, by symmetry, the prices selected by the firms located within the same region are

identical, the result is denoted by p.(P,) and p’,(Ps). Clearly, it must be that
nrp:r(PT) + nsp:r(PT) =P (4)

Given (3), it is then readily verified that maximizing II, with respect to p,.. and p,, yields

the equilibrium prices as follows:

12a + Tcng
x 2T RS 5
prr 22b+CN 8%7’ ()
* k T
prs:pss+§ S#T (6)



For these prices to be meaningful, trade of varieties must be profitable to both firms and

consumers. In other words, it must be that 7 does not exceed some threshold given by

2a¢
2b¢ + cL

Ttrade =

a condition we assume to hold in throughout the paper.

Finally, entry and exit are free so that profits are zero in equilibrium. Hence, (3)
implies that any change in the population of workers located in one region must be
accompanied by a corresponding change in the number of firms. The equilibrium wage
w;: of the workers living in region r is obtained from the zero profit condition evaluated

at the equilibrium prices (5) and (6):

wy = [(b+eN)(p))*(A/2+ A L) + (b+ eN)(pr, — 7)*(A/2 + AL)] /¢

3 Agglomeration or dispersion under heterogenous
tastes

Workers are free to live in either region. However, as discussed in the introduction, they
are heterogenous in their perception of the attributes and characteristics associated with
a particular region, while they are affected by different sorts of extraneous considerations.
Such personal variations in tastes being unobservable, discrete choice theory suggests to
model individual idiosyncrasies by assuming that the actual matching value between a
worker and region r = H, F'is the realization of a random variable &, (Anderson, de Palma
and Thisse, 1992, ch.3). Such a modeling strategy allows to account for a population of
individuals exhibiting heterogeneous tastes about location choices since the probability
that e, takes the same value for two different individuals is zero once the underlying
probability distribution is (absolutely) continuous. In what follows, we assume that the e,
are identically and independently distributed across individuals according to the double
exponential with zero mean and a variance equal to 72u2/6. Assuming that the e, are

i.i.d. implies that choices are governed by the same probability distribution whereas tastes
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are stochastically uncorrelated. However, actual choices may differ across workers. The
fact that the distribution is the double exponential involves little restriction in the case
of two regions, while allowing for simple and neat expressions.

Assume also that all workers agree that region H has a higher level of amenities (dg)
than region F' (dp). In the sequel, we consider natural amenities, such as temperature and
scenic beauty. Social amenities, which vary with population size, are out of consideration
here but are discussed in the last section. Without loss of generality, we assume that the

amenity differential between the two regions is such that:

Note that this assumption does not conflict with that of heterogeneity: agreeing on a
given amenity differential does not imply that individuals react in the same way to it.
For reasons that will become clear later on, H (F') is called the large (small) region.
From now on, it is convenient to set Ay = X and A\p = 1 — A. Let V,.(\) be the indirect
utility associated with the differentiated product and the numéraire in region . Then, the

probability that a worker will choose to reside in region r is given by the logit formula:

exp[V2(A)/ 1]
exp[Vi(A)/ ] + exp[Vs(A) /1]

In (7), 1 expresses the dispersion of individual tastes: the larger p, the more heterogenous

P.(A) = (7)

the workers’ tastes about their living place. When p = 0, workers are homogenous and
behave as in Ottaviano et al. (2002).
We know from Ottaviano et al. (2002) that V,.()) is a parabola whose quadratic term

is the same for both regions. As a consequence, after some tedious calculations, we obtain

AVAN) =Vag(A) = Ve(\) =C* (" —1)(A—1/2) +d

in which
C* = [2b6(3b¢ + 3¢L + cA) + L(A + L)] 2¢€E§f¢++cf£)2 .
o 4ap(3bg + 2cL) >0

" T 2¢(3bp + 3cL + cA) + AL(A+ L)
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In what follows, we assume that 7444, > 7* in order to be able to describe a complete

agglomeration process. This amounts to assuming

602> + 8be L + 3¢*L?
cL(2b¢ + cL)

where the second inequality holds because b/c = /6 —1 € (0,00). Indeed, when (8) does

A/L > >3 (8)

not hold, the population of workers gets more and more dispersed as transport costs keep
decreasing, as in Helpman (1998), so that no agglomeration occurs.
In the present setting, it should be clear that the population of workers changes ac-

cording to the following equation of motion:

dA
= = (1= NPy () = APR() (9)

where the first term in the RHS of (9) stands for the fraction of people migrating into
region H, while the second term represents those leaving this region for region F. Hence,
our setting yields two-way gross migration flows, which may be larger than net migration
flows, a feature often observed in reality.

A spatial equilibrium \* arises when d\/dt = 0. Since the denominator is the same
in both P,.(\), d\/dt = 0 is equivalent to (1 — \) exp[Vi(N)/u] = Aexp[Vr(A)/p]. Taking
the logarithm of both sides, we may rewrite the equilibrium condition associated with (9)

as follows:

JA; 1) =AV(N) — plog

I—A
1

As a result, since sgn(dA/dt) = sgn[J(A; 7)], the stability condition of the system (9) is

equivalent to

OJ(N*;7)/OX <0

3.1 The case of asymmetric regions

The equation
aJ(\; 1)
o))

1

=C'r(t" —71) — 7/\<1 Y

=0
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has two solutions with respect to A. When both of them are real, denote the smaller
solution by A(7). Then, we have,

2

where

Assume that J(X\(7*/2):7%/2) < 0 holds. Since J(A();7) can be shown to be in-
creasing (decreasing) in T for T > /2 (7 < 7%/2), and since lim,_o J(A(7);7) =
lim, .+ J(X(T): 7) = oo, there exist 7% and 7; such that JA(73): 73] = JA(73);77] = 0
with 0 < 77 <7%/2 <71} < 7"

The following result whose proof of which is given in appendix will be useful in char-

acterizing the evolution of stable equilibria when 7 decreases.

Lemma 1 Consider two asymmetric regions (d > 0). Then, two cases may arise.

(1) If

JON(T*/2);7%/2) > 0 (12)

there exists a unique stable equilibrium belonging to (1/2,1).

(i1) If instead neither (11) nor (12) holds, the characterization of stable equilibria
depends on T7: if T > T or 7 < T, then there exists a unique stable equilibrium X\ €
(1/2,1); if 7t < 7 < 1} there ezist two stable equilibria, one belonging to (0,1/2) and the
other to (1/2,1).

In accordance with intuition, this lemma says that the region with the higher amenity
level (i.e. region H) is usually the region with the larger industrial share. However, the

region with the lower amenity level may also end up the larger industrial share. In other
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words, although one region offers more amenities than the other, if workers/firms are
many in the region with low amenities, this may be an equilibrium simply because more
workers/firms happen to be there. This multiplicity of equilibria arises when (i) transport
costs take intermediate values (77 < 7 < 75) and (ii) both the degree of heterogeneity
and the amenity differential are sufficiently small for the two regions not to be much
differentiated in the workers’ eyes. As in the homogenous case (1 = 0), when transport
costs are not high, agglomeration may arise in either region under weak heterogeneity (by
a continuity argument). Nevertheless, when these costs are sufficiently low, the existence
of an amenity differential suffices to prevent an equilibrium to occur in the region endowed
with low amenities. Finally, a low amenity differential means that both regions are close
to being symmetric. These results are illustrated in Figure 1, where the heavy curves

describe the stable equilibria and the broken line the unstable equilibria.

Insert Figure 1 about here

Insofar as local stability is satisfied, the initially larger region H is always larger

throughout the process of falling transport costs.

Proposition 2 Consider two asymmetric regions (d > 0) and assume that the initial
population size of region H exceeds that of region F'. Then, the size of region H s always
larger than that of region F' for any continuous decreases in transport costs. When T

steadily decreases, the size of region H grows for T > 7%/2 and declines for T < 7%/2.

Proof. We know from Lemma 1 that there exists exactly one equilibrium \*(7) in the
interval (1/2,1) for any 7[0, T4rade|. Since A = 1/2 is never an equilibrium and since A*(7)
changes continuously with 7, \*(7) is always in (1/2,1).

The second part of the statement can be derived from the following inequalities:

sgn <%> = sgn (—%) = sgn <8Ag77()\)> = sgn (7" — 27) (A* _ %)
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since 0J(A*, 7)/0\ is always negative at any stable equilibrium. O

As long as pu is positive, the existence of a stable equilibrium such as 1/2 < \* <
1 implies that the advantage in amenities matters and is reflected by the fact that the
corresponding region is always larger than the other. Furthermore, workers and firms
never fully agglomerate within a single region. Hence, even a low degree of heterogeneity
is sufficient to prevent the emergence of the standard core-periphery structure. Among
other things, this implies the existence of intraindustry trade between the two regions, but
flows are unequal since more firms are located in region H. In addition, \* does not exhibit
any flat spot so that the change in population size of the large (small) region is smooth
and N-shaped (U-shaped). Thus, when workers are heterogenous, the economy does not
exhibit any catastrophic change such as those shown within the standard core-periphery
model.

Since AV(A\*) > 0 always holds, we have

- exp(d/p)

= >
=0 14 exp(d/p) ~

1
2
where the equality holds when d = 0. Moreover, it is readily verified that if the initial

population size of region H exceeds 1/2, then
>\*|’T>0 > )\*|T:0

implying that the degree of agglomeration takes its lowest value when transport costs are
zero. This result clearly shows the role of these costs in shaping the economic landscape.

Finally, we have:
ON* ON*
— <0 — >0
ou oL
Consequently, the population size differential gets narrower as the degree of heterogeneity
is higher and the number of workers larger, while the asymmetry in trading the differen-
tiated product varies with the industrial share of region H. The former inequality can be

explained as follows: more heterogeneity within workers means that prices, variety and

wage matter less to them, thus fostering more dispersion since workers’ matching values
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are drawn independently from the same distribution. In the limiting case where u — oo,
we always have full dispersion because workers are willing to choose their place according
to a fifty-fifty random choice rule. Stated differently, heterogeneity always benefits the
region with the larger endowment, but simultaneously prevents this region from accommo-
dating all workers. The latter inequality reflects the following idea: the larger the mass
of workers within the economy, the more important their location for their well-being.

Hence, as expected, the large region is larger when the mass of workers increases.’

3.2 The case of symmetric regions

The case of symmetric regions in which no region has an objective advantage over the
other leads to very neat results. Clearly, symmetry (\* = 1/2) is always a steady-state for
(9) since J(1/2;7) = 0. From (A.1), J(X; 7) is convex (concave) with respect to A for all
A€ (0,1/2) (A € (1/2,1)), implying that there exists at most one asymmetric equilibrium
(up to a permutation).

Computing 0J(X; 7)/0\, we obtain

1/2;
C*r(t* — 1) ; 4p — 78J<0/)\ i7) ; 0 (13)

Hence, for a given admissible value of 7, the symmetric equilibrium is stable (unstable)
if and only if the heterogeneity in tastes is sufficiently strong (weak). When u = 0, (13)
implies that there is full dispersion when 7 exceeds 7*, while there is full agglomeration
when 7 is lower than 7*. In other words, we get the standard core-periphery model when
workers are homogenous.

Solving the quadratic equation C*7(7* — 7) — 4 = 0 with respect to 7, we are able to
determine the symmetry breaking threshold as follows. When p = p*, the discriminant of

this equation equals zero. Accordingly, if the heterogeneity is small in that u < p*, then

5In the process of economic development, we may expect the trade costs 7 to decrease and the degree
of heterogeneity p to increase. Proposition 2 describes a situation in which the former dominates the
latter. When the reverse holds, the industry would become more dispersed as the economy gets more

developed.
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the quadratic equation C*7(7* — 1) —4p = 0 has two real and distinct real roots given by

*
T

* %k

7177275:{:

It is easy to check that 0 < 77 < (77 +75)/2 =7"/2 < 75 < 7" < T4rage. We are now able

to describe how the stable equilibrium changes with the level of transport costs.

Proposition 3 Consider two symmetric regions (d = 0) and let the transport costs to
decrease steadily.

(i) Assume that 0 < p < p*. When 7 > 15, the economy involves full dispersion
of the industry. When 75 > 7 > 77, partial agglomeration of the industry arises. For
T5 > T > 7/2 the gap between the two regions widens, but narrows for 7*/2 > 1 > T7}.
Finally, when T < 77, the industry is again fully dispersed.

(ii) Assume that pu > p*. Then, the industry is fully dispersed for all admissible T.

This proposition implies that, in the intervals [0, 75] and [75, Tyrede], Workers are dis-
persed when p > 0, whereas they would be agglomerated in the case of a homogenous
population (@ = 0) because 75 = 0 and 75 = 7*. Thus, symmetry is more likely to occur
when workers are heterogenous in their regional matching.

When heterogeneity i is weak, the industry displays a three-stage pattern: dispersion,
partial agglomeration, and re-dispersion, as shown in Figure 2. By contrast, when u
is large enough, there is always dispersion. This is already enough to show that taste
heterogeneity is a strong dispersion force. But we can say more. It is readily verified that
Ot%/0u > 0 and O75/0p < 0. Hence, a higher degree of heterogeneity implies that the
symmetry breaking threshold 7§ (75) arises at a higher (lower) value of transport costs,

thus implying that the domain for which partial agglomeration arises shrinks.

Insert Figure 2 about here

Case (i) in Proposition 3 shows the existence of a bell-shaped relationship between the

regional concentration of the industry and the level of transport costs. Such a relationship
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has already been obtained by Fujita et al. (1999, ch.7) and Ottaviano et al. (2002)
but in different contexts so that it is worth comparing results. In the former case, the
agglomeration of the manufacturing sector within, say, region H generates large imports
of the agricultural good from region F. When the transport costs of the manufactured
product become sufficiently low, the price indices of this good is about the same in the two
regions. Then, the relative price of the agricultural good in H rises when its transport cost
remains unchanged. This in turn lowers the nominal wage in region F' that guarantees the
same utility level in both regions to the workers, thus inducing firms to move away from H
to F'. In other words, as transport costs in the manufacturing sector keep decreasing from
high to very low values while transport costs in the agricultural sector remain constant,
the manufacturing sector is first fully dispersed, then fully agglomerated and, last, re-
dispersed.

In Ottaviano et al. (2002), it is assumed that the concentration of firms and workers
within a region takes place within a monocentric city: firms are located at the city center,
while workers are dispersed around this center. In this context, workers also consume
land (the lot size is supposed to be fixed and equal across workers, and the land rents
go to absentee landlords) and commute to the city center where they work. If 6 denotes
the unit commuting cost, whether dispersion or agglomeration arises is determined by the
sign of the expression C*7(7* — 7) — #L/2 (compare this expression and (13)). Hence,
the existence of commuting costs leads to re-dispersion for sufficiently low values of 7.
By contrast, it is the sign of C*7(7* — 7) — 4 that matters in the present model. When
p is sufficiently large, full dispersion arises because, trade costs being low enough, the
matching of workers with a particular region matters more than anything else.

Replacing a, b and ¢ by their values, we also see that ©* = 0 when there is no increasing
returns (¢ = 0) as in Ottaviano et al. (2002). Thus, here also, we need increasing returns

in order to trigger an agglomeration process.
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4 Interregional wage differential

A straightforward computation yields the nominal wage differential:

(bp + cL) [2b¢ + c(A+ L)|L

wig — i = e T = ) = 1/2) (14)
where
o dagp
T T 2+ c(A+ L)

The amenity differential d does not directly appear in (14). However, since A" is a function
of d, the amenity differential affects the nominal wage differential.

If

¥

o
— < T < Ttrade

2

holds, then the nominal wage in the large region is lower (higher) than in the small one
for 7 > 7° (7 < 7°). This leads to the following sequence. (i) When 7 € (7% Tyrade),
the large region attracts workers although wages are higher in the small region; (ii) when
T € (17%/2,7°), the large region still attracts workers, a result which seems more intuitive
because wages are now higher in region H; (iii) when 7 € (0, 7*/2), one gets an unexpected
result because the large region lose workers although wages in H are higher than in the
small region, which now accommodates more workers. Such counter-intuitive flows have
often been observed in the real world (Vining and Kontuly, 1978; Elliott, 1997). However,
they should not come as a real surprise since what drives migration is the utility differential
and not the wage differential, which is just one part of the former. This also shows how
misleading might be the comparison of regional living standards based on average incomes
only.

Let us now focus on the nominal wage differential (14). We know from the RHS of
(14) that the term 7(7° — 7) is increasing (decreasing) in 7 < 7°/2 (7 > 7°/2), while
(A" — 1/2) is increasing (decreasing) in 7 < 7°/2 (7 > 7%/2) from Proposition 2. Since

7°/2 < 7% /2 < Tirage holds, we may conclude as follows:
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Proposition 4 When transport costs T decrease over time from 7° down to 0, the interre-
gional nominal wage differential, first, increases for large values of T and, then, decreases

for small values of T.

This result sheds some light on an old debate dealing with the spatial implications
of economic development mentioned in the introduction, and provide a formal justifica-
tion of the existence of bell-shaped relationships between economic development and the

interregional wage differential.

5 Efficiency vs. regional equity

Since preferences are quasi-linear and profits are zero, we may evaluate efficiency by using
the sum of individual welfare across workers and farmers. In the homogenous case, the
consumer surplus is simply given by the sum of indirect utilities over the two regions.
However, once we introduce heterogeneity across workers, we must account for the fact
that they now benefit from intrinsic differentiation between regions. To do so, we use
Proposition 3.7 by Anderson et al. (1992), which gives us the utility level of a worker as

a function of A:

where the first two terms stands for the expected utility derived from living in region r
with probability P., whereas the last term corresponds to a “premium” associated with
the presence of heterogeneity (observe that the terms in parentheses are negative). Since

the probability Py is the same for all workers, it must be that Py = A and Pr = 1—\. This
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in turn implies that the maximum utility level of a worker may be rewritten as follows:®
VA) = AV (A)+ (1= Ve (X)) — p[Aog A+ (1=X) log (1-))] (15)
As a result, the global efficiency level associated with A is given by
A
W(A) =LV(A\) + Bl Ve(A) + Ve(A)] (16)

The first best outcome may then be obtained by maximizing W (\) with respect to A, all
prices being set equal to marginal costs (p,, = 0 and p,s = 7).

The first-order condition for efficiency (W’(A) = 0) is given by

1
Cor(1° — 1) ()\ — 5) +d — plog =0 (17)

11—
where

200+ c(A+L)|L
¢2

The optimality condition (17) is therefore similar to the equilibrium condition (10) except

CO:[

for the parameters C° and 7°. As a result, (17) has exactly one interior solution in the
interval of [1/2, 1), which is a local maximizer of (16). Moreover, since d > 0, it is readily

verified that

W(1/2+x)>W(1/2 —x) Vo € [0,1/2]
W'(1/2) >0 V7 € [0, Ttrade]

Thus, the social optimum A’ is uniquely determined in the interval of [1/2,1) (up to a

permutation in the special case where d = 0).

SEquation (15) can also be derived from the maximization of the following individual welfare (see, e.g.

Small and Rosen, 1981):

V(A) = pulog {exp[Vir (V) /1] + exp[Ver (V) /u]}

subject to the equilibrium condition (1 — \)Py = A\Pp.
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5.1 The case of asymmetric regions

When d > 0, the efficient fraction of workers in region H must be such that
A% > 1/2 VT € (07 Ttrade]

thus implying partial agglomeration in region H for any 7. As expected, the existence
of an amenity differential is sufficient to prevent the symmetric configuration from being
efficient. In addition, it is readily shown that W’(0) = oo and W’'(1) = —oo. Hence,
the maximizer is necessarily interior. Put differently, even when the amenity differential
d is very large, full agglomeration is never socially desirable insofar as the degree of
heterogeneity u is positive.

We also have

OW'(N)
or

=2C°L(1°/2 —1)(A—1/2)
Summarizing the above, we have the following result.

Proposition 5 Assume that both regions are asymmetric (d > 0) and that workers are
heterogenous (1 > 0). Then, the efficient population size of region H is larger than that
of region F' for all admissible T. When 1 steadily decreases, the efficient size of region H

grows, without reaching the value 1, as long as T > 7°/2 and declines for T < 7°/2.

Clearly, both Proposition 2 and Proposition 5 are similar but, as illustrated in Figure
3, the two patterns are not necessarily identical. The maximum size arises at 7°/2 in the

efficiency case and at 7°/2 in the equilibrium case with 7°/2 < 7% /2.
Insert Figure 3 about here

Next, we compare the equilibrium and efficient distributions. From the LHS of (10)

and of (17), we find that A* coincides with A? at 7 = 0 and 7 = 7¢, where

Cor° — O*r*
Ce—-C*

c

T >0
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Since sgn (7¢ — Tirade) = sgn(B), where
B = 100%¢* — 20°¢*c(3A — 5L) — b2 L(5A — L) — A L*(A+ L)

A" > A must hold for B > 0. This occurs for high degree of product differentiation (1/c)
and high fixed costs (¢). Hence, we have:

Proposition 6 (i) When varieties are sufficiently differentiated and increasing returns
are sufficiently high (B > 0), the equilibrium configuration is more concentrated than the
optimal one for all admissible 7.

(i) When varieties are close substitutes and/or increasing returns are sufficiently low
(B < 0), the equilibrium configuration is less concentrated than the optimal one for T €

(7€, Ttrade] but more concentrated for T € (0, 7).

Both cases (i) and (ii) are illustrated in Figure 3 where the dotted curve shows the
optimum, and the heavy ones the stable equilibria. It is worth noting that the parameters
7¢, 7, 7° and B are independent of u, while the distributions A* and A\° depend on the
degree of heterogeneity p. In modern economies, the degree of the product differentiation
and the degree of scale economies tend to be large, whereas transport costs tend to be
low. Thus, it seems fair to conclude that, in our economies, the market outcome s likely
to involve too much agglomeration.

Finally, since AV(A) > 0 holds for all A > 1/2 and d > 0, the welfare of farmers
residing in region H is always higher than that of farmers living in F'. This leads us
to focus on an alternative social welfare function that has retained a lot of attention in
regional planning, namely spatial equity. This amounts to maximizing the lowest welfare

level in the economy:
max min{ Vg (\), Vp(A)} (18)

given that the prices are set equal to marginal costs. For studying the problem of inter-
regional equity, we assume that the parameters of the economy are such that workers’

welfare is higher than farmers’ (otherwise, the problem becomes a problem of intersectoral
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equity, i.e., income transfer from farmers to workers). Since AV (\) > 0 holds for any
parameter values with A > 1/2, we know that (18) is maximized at \® < 1/2. When the
social objective is to maximize a Rawlsian welfare function, there must be more workers in
the region with less amenities. Such a result is a sharp contrast to what we obtained above
in the efficiency case. In a sense, the implementation of interregional income transfers,
which are carried out in several industrialized countries, may be considered as an attempt

at providing some reconciliation between efficiency and spatial equity.

5.2 The case of symmetric regions

When d = 0, we always have
W'(1/2) =0

Solving the quadratic equation W”(1/2) = 0 with respect to 7, we obtain the following
two roots:

(7-0)2 B 4_#

+
4 Cce

o
T
7'(1),7'(2) = E

with 7¢ < 7°/2 < 79. They are real and positive if and only if
Co(79)2

16
Hence, when taste heterogeneity is sufficiently broad, dispersion is always socially efficient.
In other words, u° is the symmetry breaking threshold in the efficiency case. As in the
equilibrium case, it is easy to see that u° = 0 when ¢ = 0. Thus, we need increasing
returns for partial agglomeration to be socially efficient.

It is readily verified that W () reaches a local maximum (minimum) at 1/2 if and
only if 7 > 7§ or 0 <7 <79 (79 <7 < 79). Furthermore, as shown in the previous
subsection, there is a unique local maximum (up to a permutation) different from 1/2
when 7¢ < 7 < 7. We may then establish Proposition 7 for the efficiency case in the

same way we did for Proposition 3, by replacing the superscript * by o.
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Proposition 7 Consider two symmetric regions (d = 0) and let the transport costs to
decrease steadily.

(i) Assume that 0 < p < p°. When 7 > 19, the efficient configuration involves full
dispersion of the industry. When 7§ > 7 > 719, the industry is partially agglomerated. For
79 > 7 > 7°/2 the gap between the two regions widens, but narrows for t°/2 > 7 > 19.
Finally, when T < 19, the optimum s again fully dispersed.

(i) Assume that p > p°. The optimum involves full dispersion for all admissible T.

The efficient configuration in case (i) as a function of 7 is qualitatively similar to the one
displayed in Figure 2. Unfortunately, the comparison between the various distributions
in case (ii) is not straightforward. Yet, we know that both (79 +79)/2 = 7° < 7% =
(17 4+ 75)/2 and 79 < 75 hold. As a result, both the market equilibrium and the efficient
outcome involve symmetry for sufficiently large degrees of heterogeneity u (case (ii)) or
for sufficiently low transport costs 7 (case (i)). Otherwise, the market outcome is more
dispersed or more agglomerated than the optimum, depending on the parameter values.

Finally, as expected, maximizing the Rawlsian welfare function (18) always yields full

dispersion in the case of symmetric regions.

6 Concluding remarks

We have shown that taste heterogeneity is a strong dispersion force that dramatically
affects the core-periphery structure. Typically, it gives rise to a bell-shaped relationship
between the spatial concentration of industry and the level of transport costs. In our
setting, the dispersed equilibrium is generally asymmetric and the region with the high
level of amenity is larger than the other one. In addition, the evolution of the equi-
librium pattern of the industrial sector no longer involves a catastrophic change. As a
consequence, the global economy would follow a three-stage process, involving disper-
sion, agglomeration, and re-dispersion, which is continuous with respect to variations in

transport costs.
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One major limitation of our analysis is the absence of social amenities. The production
of some local amenities often depends positively on the number of residents in one region
(think of local public goods). If these goods are produced with increasing returns to
scale, increasing tastes for amenities do actually work as an additional agglomeration
force. This is important for our purpose because the existence of such amenities may lead
to empirical and policy implications very different from the ones obtained in this paper.
(Our framework, however, is still useful to investigate their impact.) Yet, this not the
end of the story. Congestion is also a strong dispersion force because people living in
more developed economies have a higher value for time. So, how important are natural
vs. different types of social amenities is a difficult question. It is our contention that it
can only be given an empirical answer; and this answer may well vary with the stage of
economic development.

In the introduction, we have argued that welfare differentials based on market con-
sumption goods and wages have decreased across industrial regions as economic devel-
opment has proceeded. This implies that non-market factors, such as the attachment of
people to their region of origin or the presence of specific amenities, have a growing impor-
tance in individual decisions to migrate (formally, the values of u and d rise). Indeed, once
they have reached some living thresholds, perhaps through social and unemployment ben-
efits, workers are less willing to trade their family and social environment against more
individual consumption. This seems to be well illustrated by the fact that traditional
migration flows have stopped during the last decades within several European countries
(Faini, Galli, Gennari and Rossi, 1997; Bentolila, 1997). By contrast, there has been an
increase in the mobility of high skilled workers within the European Union and Japan
(SOPEMI, 1998). In particular, the migration rate of the service class (i.e., professional,
technical and managerial occupations) is much higher than that of the blue-collar working
class in Britain (Fielding, 1989). In other words, the marginal rate of substitution between
the social environment and individual consumption would be larger for the skilled than
for the unskilled (in our setting, the workers would have a lower u than the farmers).

If this assumption is correct, our model would offer an explanation for the fundamental
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changes observed in migration patterns within post-industrial economic areas such as the
European Union or Japan. By the same token, this would provide us with an explanation
for the rising concentration of high-level services within large metropolitan regions (Amiti,

1998; Fujita and Tabuchi, 1997).
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Proof of Lemma 1
Consider first A € [1/2,1], which corresponds to case (i) and the first part of case (ii).
Since J(1/2,7) > 0 > limy_; J(A\,7), A =1/2 and A = 1 are not equilibria. From

FPINT)  p 1

oN A2 (1— )2

(A.1)

it follows that J(A,7) is concave with respect to A for all A € (1/2,1). Hence, there
is exactly one equilibrium A} in the interval (1/2,1). Furthermore, it is stable since
OJ(N;5,7)/OX < 0.

Next, consider A € [0, 1/2), which is the second part of case (ii). Since limy_o J(A,7) >
0, A = 0 is not an equilibrium. We focus on the case of 7 = 7%/2, which is a minimizer
of J(A\,7) for A < 1/2. Since limy_oJ(A,7*/2) > 0 and J(1/2,7*/2) > 0, and since
J(A, ) is convex with respect to A for all A € (0,1/2) from (A.1), there exists at most
two equilibria in A € [0,1/2).

If (11) holds, A(7*/2) is not real, implying that there is no equilibrium. If (12)
holds, there are two cases. When J(A(7%/2),7/2) > 0, there is no equilibrium. When
J(N(7*/2),7%/2) = 0, the repeated root A(7*/2) is an equilibrium. However, this is un-
stable since 9.J(A(7*/2),7*/2)/0X = 0 and 92J(A(7*/2),7*/2)/ON? > 0. This is the same
for r =71}, 7}.

Finally, if neither (11) nor (12) holds, there exist two distinct equilibria, denoted by
Al and A5 with 0 < A} < AJ < 1/2 only if 7 € (7%, 7;). Due to the convexity of J(A,7),

A} is stable, while A3 is unstable. O
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