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Abstract

We study the impact of economic integration on spatial development in a model

where all consumers are inter-regionally mobile and have heterogeneous preferences

regarding their residential location choices. This heterogeneity produces a local

dispersion force and is the unique centrifugal force in the model. We show that dif-

ferent types of heterogeneity a�ect the possible spatial distributions in the long-run.

However, under reasonable values for the elasticity of substitution, a higher trade

integration always promotes more symmetric patterns, irrespective of the functional

form of the local dispersion force.
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1 Introduction

In this paper, we propose a modi�ed version of the simple 2-region New Economic Ge-

ography (NEG) model by Murata (2003), where all labour is free to migrate between
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regions, as in Helpman (1998), and workers are heterogeneous regarding their preferences

towards living in one region or the other. These Hotelling-type preferences allow us to

formulate di�erent utility penalties as a function of consumer preferences and thus study

the impact of di�erent consumer preferences on the long-run spatial distribution. Our

aim is to investigate how spatial patterns evolve as regions become more integrated and

whether heterogeneity has qualitative impact on this relationship.

Heterogeneity at the consumer/worker level has been progressively incorporated in

New Economic Geography (NEG) to explain the observed uneven spatial distribution of

economic activities beyond causes based exclusively on pecuniary factors such as inter-

regional real wage di�erentials. Potential migrants are heterogeneous, not only regarding

their tastes for manufactured goods, or their skill levels, but also regarding their idiosyn-

cratic preferences for residential location (Gaspar, 2018). This means that regions which

are more industrialized and developed may fail to attract some potential migrants from

less developed regions.

These individual idiosyncrasies constitute a local (exogenous) dispersive force,1 and

should be considered in NEG models (Fujita and Mori, 2005; Combes et al., 2008). Some

contributions in this direction are the works of Murata (2003), Tabuchi and Thisse (2002),

Akamatsu et al. (2012), Ahlfeldt et al. (2015) and Redding (2016).2 They considered the

role of heterogeneous location preferences borrowing from the literature of discrete choice

theory (see McFadden, 1974).

Under discrete choice theory, location decisions are modelled according to probabilistic

migration, where idiosyncratic preferences for residential location are assumed to follow

some probability distribution, typically the Gumbel (extreme value type I) or the Fréchet

(extreme value type II) distribution. Under the former (assumed by Tabuchi and Thisse,

2002; Murata, 2003), the probabilities for each alternative are given by the well known

Logit model.3

We introduce a simple economic geography model whose short-run equilibrium is iden-

tical to Murata (2003) and Tabuchi et al. (2018), with one single good produced under

monopolistic competition and a single workforce that is interregionally mobile. Hetero-

geneity at the consumer/worker level is incorporated by considering a uniform distribution

of preferences along a line segment in the fashion of Hotelling's (1929) linear city model.

Thus, a consumer is identi�ed by his position on this line which corresponds to his pref-

erence towards residing in a given region. All consumers who live in a given region draw

1See Akamatsu et al. (2017) for a clear distinction between global and local dispersion forces.
2Another important contribution is that of Mossay (2003), where geography is treated in a continuous

circular space, and individual preferences for residential location are assumed to follow a random walk
process.

3However, both the Gumbel and Fréchet distributions yield qualitative properties that can be gener-
ated by the conditional Logit model (Behrens and Murata, 2018).
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the same utility from consumption goods but each consumers bears a di�erent utility

decrement (increment) from residing in a less (more) preferred region. In the long-run,

consumers choose to live in the region that o�ers them the highest overall utility. The

long-run spatial distribution of consumers is thus the result of the interaction between

agglomeration forces due to increasing returns and dispersion forces due to distaste of con-

sumer from living in a less desirable region. We refer to the latter as the home-sweet-home

(HSH) e�ect. In the long-run, this is analogous to congestion costs that are increasing in

the population size of a region.4

The logit model (generated either by the Gumbel or Fréchet distribution) corresponds

to a particular closed form of our Hotelling type setup.5 Our speci�cation is general enough

that we are able to compare the predictions based on the logit model with other types of

consumer behaviour. This allows us to show that di�erent types of heterogeneity a�ect the

qualitative structure of spatial distributions in the long-run. As a way of illustration, we

compare the results under the logit model with the easiest setup straight from Hotelling's

linear city model, by adapting the function describing the linear transportation costs to

our utility penalty. We then investigate how di�erent types of heterogeneity interact with

agglomeration forces in the long-run and whether the former bear implications on the

relationship between economic integration and spatial development

We show that Logit type preferences imply that utility penalty tends to in�nity along

the consumer preference line, which means that agglomeration in a single region is im-

possible. Intuitively, there is always a fraction of consumers (no matter how small) who

will want to live in the less industrialized region due to their high personal attachment

to it. The only possible outcomes are thus either symmetric dispersion or asymmetric

agglomeration, depending on the degree of heterogeneity and economic integration.

With linear preferences, either dispersion, or agglomeration, or both simultaneously

are possible stable outcomes. In the latter case, if spatial imbalances are initially very

high, the relative utility in the more industrialized region is so high that all consumers

will decide to agglomerate in one single region. Intuitively, even the consumers with

stronger preferences will want to avoid exceedingly low standards of living. Conversely,

if regional disparities are initially low, consumers will disperse evenly among the regions.

The regional utility di�erential is not enough to o�set even the consumers who make

almost no distinction between the regions.

We show that, irrespective of the scale and speci�cation of consumer preferences, a

higher trade integration promotes more symmetric spatial patterns. Since heterogeneity

4In fact, it is equivalent to a purely exogenous congestion cost. We thank Pascal Mossay for pointing
this out to us.

5In this sense, the Hotelling model can be reinterpreted as a discrete choice random utility model
(Anderson et al., 1992).
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does not co-vary with transportation costs, the latter only a�ect the strength of agglomer-

ation forces due to increasing returns. This is a reversion of the usual prediction that lower

transport costs lead to agglomeration, and contrasts the �ndings that consumer hetero-

geneity leads to a bell-shaped relationship between decreasing transport costs and spatial

inequality (Murata, 2003; Tabuchi and Thisse, 2002). Since there is no immobile work-

force (no �xed regional internal demand), there is a lower incentive for �rms to relocate

to smaller markets in order to capture a higher share of local demand and avoid compe-

tition when transport costs are higher. Krugman and Elizondo (1996), Helpman (1998)

and Murata and Thisse (2005), have also obtained similar results concerning the relation-

ship between transportation costs and spatial inequality. The �rst includes a congestion

cost in the core, the second considers a non-tradable housing sector and the treatment

is exclusively numerical, while the latter's prediction cannot be disassociated from the

interplay between inter-regional transportation costs and intra-regional commuting costs.

Recently, Tabuchi et al. (2018) have reached similar conclusions to ours arguing that

falling transport costs increase the incentives for �rms in peripheral regions to increase

production since they have a better access to the core, thus contributing to the dispersion

of economic activities. As Baldwin et al. (2004) put it bluntly, the absence of immobile

workers implies that the burden of costly transportation can be avoided altogether if ev-

eryone agglomerates in a single region. Recently, Allen and Arkolakis (2016) estimated

that the removal of the US Interstate Highway System, which, by limiting accesses, can

be interpreted as an increase in transportation costs, would cause a redistribution of the

population from more economically remote regions to less remote regions in the US. This

adds empirical validity to our �ndings.

Our main conclusions can thus be summarized as follows. Firstly, spatial patterns in

the long-run are not invariant under di�erent types of consumer heterogeneity. Secondly,

when there are no immobile consumers, more trade integration contributes to mitigate

spatial imbalances. The latter result is not a�ected by the level or type of consumer

heterogeneity.

The rest of the paper is organized as follows. In Section 2 we describe the model and

the short-run equilibrium. In Section 3 we study the qualitative properties of the long-run

equilibria for a generic utility penalty. In Section 4 we integrate discrete choice theory

based migration in our set-up and compare its results with di�erent speci�cations of the

home-sweet-home e�ect. In Section 5, we brie�y discuss the impact of trade integration

on spatial imbalances. Finally, Section 6 presents some concluding remarks.
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2 The model

There are two regions L and R with a total population of mass 1. Consumers are assumed

to have heterogeneous preferences with respect to the region in which they reside. For

simplicity, we assume that these preferences are described by a parameter x, uniformly

distributed along the interval [0, 1]. The consumer with preference described by x = 0

(resp. x = 1) has the highest preference for residing in region L (resp. region R). An

agent whose preference corresponds to x = 1/2 is indi�erent between either region. We

can thus refer to each consumer with respect to his preference towards living in region L

as x ∈ [0, 1]. The two regions L and R can be thought of as two points on opposite sides

of the line segment [0, 1].

For a consumer with preference x, the utilities from living in region L and R are given,

respectively, by:

UL(x) =U (CL, t(x))

UR(x) =U (CR, t(1− x)) , (1)

where Ci denotes the level of consumption of a consumer living in region i ∈ {L,R}, and
t(x) is the utility penalty associated with living in L, while t(1−x) is the utility penalty a

consumer faces from living in region R. Regions are symmetric in all respects. We assume

that t′(.) > 0, ∂U/∂C > 0, and ∂U/∂t < 0.

The derivations and expressions for the short-run equilibrium are similar to those

made by Murata (2003) and Tabuchi et al. (2018), which we brie�y describe here. The

consumption aggregate is a CES composite given by:

C =

[ˆ
s∈S

c(s)
σ−1
σ ds

] σ
σ−1

,

where s stands for the variety produced by each monopolistically competitive �rm and

σ is the constant elasticity of substitution between any two varieties. The consumer is

subject to the following budget constraint:

PiCi = wi,

where Pi is the price index and wi is the nominal wage in region i. Utility maximization

by a consumer in region i yields the following demand for each manufactured variety

produced in j and consumed in i:

cij =
p−σij

P 1−σ
i

wi, (2)
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where:

Pi =

[ˆ
s∈S

pi(s)
1−σd(s)

] 1
1−σ

, (3)

is the manufacturing price index for region i. A manufacturing �rm faces the following

cost function:

TC(q) = w (βq + α) ,

where q corresponds to a �rm's total production of manufacturing goods, β is the input

requirement (per unit of output) and α is the �xed input requirement. The manufacturing

good is subject to trade barriers in the form of iceberg costs, τ ∈ (1,+∞): a �rm ships τ

units of a good to a foreign region for each unit that arrives there. Assuming free entry

in the manufacturing sector, at equilibrium �rms will earn zero pro�ts, which translates

into the following condition:

π ≡ (p− βw) q − αw = 0.

This gives the �rm's total equilibrium output, symmetric across regions:

qL = qR =
α(σ − 1)

β
, (4)

and the following pro�t maximizing prices:

pLL =
βσ

σ − 1
wL and pRL =

βστ

σ − 1
wL. (5)

Labour-market clearing implies that the number of agents in region L equals labour

employed by a �rm times the number of varieties produced in a region:

h = nL (α + βqL) ,

from where, using (4), we get:

nL =
h

σα
and nR =

1− h
σα

. (6)

Choosing labour in region R as the numeraire, we can normalize wR to 1. The price
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indices in L and R using (3) are given, after (6), by:

PL =

[
h

σα

(
βσ

σ − 1
w

)1−σ
+

1− h
σα

(
βστ

σ − 1

)1−σ
] 1

1−σ
,

PR =

[
1− h
σα

(
βσ

σ − 1

)1−σ
+

h

σα

(
βστ

σ − 1
w

)1−σ
] 1

1−σ
. (7)

Rewriting a �rm's pro�t in region L as:

πL = (pLL − βw) [hcLL + (1− h)τcRL]− αw,

the zero pro�t condition yields, after using (2), (5) and (7), the following wage equation:

h =
wσ − φ

wσ − φ+ w(w−σ − φ)
, (8)

where φ ≡ τ 1−σ ∈ (0, 1) is the freeness of trade. The nominal wage w can be implicitly

de�ned as a function of the spatial distribution in region L, h ∈ [0, 1].6 We have w(0) =

φ1/σ < 1, w(1/2) = 1 and w(1) = φ−1/σ > 1. We say that L is larger than R when

h > 1/2, and smaller otherwise. Figure 1 illustrates w(h) for h ∈ [0, 1] with parameter

values σ = 2 and φ = 0.5.7

Figure 1 � Short-run equilibrium relative wage as a function of the consumers in

region L. We set σ = 2 and φ = 0.5.

The nominal wage is strictly increasing in the spatial distribution (see Appendix A).8

6The conditions for application of the Implicit Function Theorem are shown to be satis�ed in Appendix
A.

7Our choice of parameters is made for graphical convenience and extends to the whole parameter
range, unless stated otherwise. Therefore, the conclusions under our choice are consistent with more
realistic empirical estimates.

8This also guarantees that h < 1 in (8). This holds if if w−σ − φ > 0. Since w−σ(h) ∈ (φ, 1
φ ), the
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Moreover, if σ ≥ 2, the nominal wage is convex when country L is larger than country R

(Lemma 1 in Appendix A).9 It follows from (8), see Appendix A, that when h > 1/2, the

relative wage w increases when trade barriers are higher. Conversely, if h < 1/2, higher

trade barriers implies lower wages in L. Therefore higher trade barriers increase the wage

divergence between the regions.

The intuition is as follows. When all workers are mobile, they can move to the region

that o�ers them a relatively better access to varieties. This advantage of the larger region

becomes higher as transport costs increase because markets become more focused on local

demand. At the same time, the absence of a �xed number of immobile consumers in the

smaller region implies that there is a reduced incentive to relocate production in order

to capture a larger share of the market while avoiding costly transportation. All this

increases expenditures in the larger region relative to the smaller, which in turn pushes

the nominal relative wage upwards.

2.1 Short-run utility

We consider a general isoelastic sub-utility for consumption goods, for each location

(i = L,R): ui =
C1−θ
i − 1

1− θ
, if θ ∈ [0, 1) ∪ (1,+∞)

ui = lnCi, if θ = 1,

, (9)

where for θ = 1 we take the limit value of the upper expression of ui. The parameter θ

in�uences how a change in the regional consumption di�erential, CL − CR, impacts the

regional utility di�erential, uL − uR, i.e., it in�uences the strength of the self-reinforcing

agglomeration mechanism when one region is more populated than the other. We shall

detail further below why this speci�cation is useful.

The utility di�erential from consumption goods, ∆u ≡ uL − uR, is given by:

∆u =


η

1− θ

{
w1−θ [(1− h)φ+ hw1−σ]

1−θ
σ−1 − [1− h+ hφw1−σ]

1−θ
σ−1

}
, if θ 6=1

lnw +
1

σ − 1
ln
[
hw1−σ+(1−h)φ
hφw1−σ+(1−h)

]
, if θ=1,

(10)

where η = {(σ − 1)/ [σβ]} (σα)1/(σ−1).

We adopt the normalizations by Fujita et al. (1999), i.e., ασ = 1 so that the number of

consumers in a region equals its number of �rms. Moreover, we assume that (σ−1)/(σβ) =

1 so that the price of each manufactured variety in a region equals its workers' nominal

statement is true.
9In section 3.2 we discuss that this assumption is warranted on empirical grounds.
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wage. These imply that η = 1. 10 The utility di�erential ∆u is increasing in h (see

Appendix C). The nominal wage gap w increases as region L becomes more populated.

The same happens to the price di�erential PR − PL (see Tabuchi et al. 2018), which

constitutes an agglomerative cost-of-living e�ect.

Figure 2 depicts ∆u in (10) for di�erent levels of θ.

Figure 2 � Utility di�erential ∆u = uL−uR for di�erent levels of θ. Parameter values

are σ = 2 and φ = 0.5.

We observe that a higher θ increases the utility di�erential ∆u for any spatial distri-

bution h > 1/2. Therefore, if L is relatively more industrialized, a higher θ increases the

attractiveness of L relative to R for consumers. Thus, it strengthens the agglomeration

forces towards region L. This leads to the following remark.

Remark 1. Since a higher θ only shifts ui upwards for a given Ci, the linear and log-utility

speci�cations are isomorphic with respect to the freeness of trade φ.

From Remark 1, the purpose of the general speci�cation in (9) is explained as fol-

lows. Firstly, it allows us to derive general stability conditions for long-run equilibria for,

any t(x). Secondly, it encompasses the Murata (2003) model as a particular case when

θ = 0. Lastly, when θ = 1 , utility is logarithmic and the model becomes analytically

more tractable, which is useful to analyse the impact of trade integration di�erent utility

penalties later in Section 4. Since both speci�cations are qualitatively similar and have

no relation with t(x), the impact of φ on the long-run spatial distribution is the same for

all θ ≥ 0.

10For θ = 1, we may discard any of the preceding normalizations as taking di�erences from utili-
ties cancels out ln [η/(1− θ)]. This means that, if utility in consumption is logarithmic, labour input
requirements do not a�ect di�erences in regional utilities.
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3 Long-run equilibria

In a long-run spatial equilibrium, h consumers live in region L and 1−h consumers live in

region R and workers are free to migrate to the region that o�ers them the highest overall

utility. Knowing from utility maximization that C = W/P and assuming that t(x) enters

additively in overall utility Ui(x), we rewrite the indirect utilities as:

VL(h) =
C1−θ
L − 1

1− θ
− t(h)

VR(h) =
C1−θ
R − 1

1− θ
− t(1− h), (11)

where h satis�es the short-run equilibrium in (8).

All consumers in the interval (0, h) prefer to live in region L, whereas the consumers

in (h, 1) prefer to live in region R. The indi�erent consumer h, identi�ed by his position

on the line, is thus obtained from equalization of indirect utilities VL(h) and VR(1 − h).

Using the price indices in (7), the indirect utilities in (11) become:

VL(h) =
w1−θ [(1− h)φ+ hw1−σ]

1−θ
σ−1 − 1

1− θ
− t(h)

VR(h) =
[1− h+ hφw1−σ]

1−θ
σ−1 − 1

1− θ
− t(1− h). (12)

We focus on the di�erence between the regional utility in region L and the regional

utility in region R. A consumer is indi�erent between both regions if the utility di�erential

from consumption goods is equal to relative cost supported by the indi�erent consumer

h who lives in region L. The latter is equivalent to the utility penalty di�erential ∆t ≡
t(h)−t(1−h), i.e., it is the home-sweet-home (HSH) e�ect. Then, the indi�erent consumer

is given by ∆u(h) = ∆t(h).

The consumers who have an attachment towards region R (at x ∈ (1/2, 1]) face a

positive cost when migrating to region L. Therefore, ∆t(h) constitutes a local dispersion

force driving consumers from region L back to region R.

As usual, we establish possible con�guration for the location of individuals. Agglom-

eration corresponds to all individuals living in one country, i.e., h∗ ≡ h = {0, 1}. Interior
equilibria are con�gurations such that h∗ ≡ h ∈ [1/2, 1). When individuals are evenly

dispersed between both countries, h∗ = 1/2, we call the interior equilibrium symmetric

dispersion. Otherwise, there are more individuals in one country compared to the other

and there is partial agglomeration.
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3.1 Agglomeration

Agglomeration with all population residing in region L is an equilibrium if the individual

with propensity x = 1 desires to stay at region L, which implies that all other individuals

will also want to reside in L. This requires that the utility in the core, L, must be higher

than the utility in the periphery, R. If these conditions are met, agglomeration is stable.11

In formal terms, this implies that ∆u(1) > ∆t(1).

Stability of agglomeration is thus posited at follows. Using the �rst expression in (10)

at h = 1, for θ 6= 1, we have:

1− φ
(2σ−1)(1−θ)
σ(σ−1)

1− θ
> t(1)− t(0), for θ 6= 1. (13)

For θ = 1, ∆u at h = 1 is given by the limit of the expression above as θ tends to unity:

−
[

2σ − 1

σ(σ − 1)

]
lnφ > t(1)− t(0). (14)

Agglomeration in region L is stable when the consumer who likes region L the least

still prefers to live in L. The utility di�erential when all workers reside in region L,

∆u(1), is given by the LHS's of expressions (13) and (14). Analytical inspection shows

that ∆u(1) is decreasing in φ (for any value of θ). Therefore, the utility gain from residing

in the core instead of in the periphery is decreasing in the freeness of trade. This means

that, as regions become more integrated, agglomeration becomes harder to sustain. As φ

approaches unity, ∆u(1) approaches zero, and agglomeration is always unstable: when all

consumers are mobile, the incentive to avoid �ercer competition in the core region (market

crowding e�ect) is lower because no local demand exists in the periphery. Therefore, the

tendency to agglomerate will be stronger when transport costs are higher.

This reverses the conclusion of many CP models, whereby decreasing transport costs

foster agglomeration. One should note, however, that most CP models consider that part

of the workforce is inter-regionally immobile, which means that local expenditure (even

in smaller regions) is still signi�cant such that �rms in larger regions have an incentive to

relocate their production in order to avoid �ercer local competition.12

11Therefore, one can say that agglomeration is stable if it is an equilibrium.
12In most of these models (e.g., Krugman, 1999; Fujita et al., 1999; Ottaviano et al., 2002; Forslid

and Ottaviano, 2003; P�üger, 2004), the dispersive force is higher when transport costs are very high
because markets are more localized. Therefore, as transport costs rise, centrifugal forces increase more
than centripetal forces, promoting agglomeration.
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3.2 Interior equilibria

Due to symmetry, we focus only on the case where L is larger than R, i.e., h ≥ 1/2. We

de�ne an interior equilibrium h∗ ∈ [1/2, 1) as a spatial distribution h that satis�es both

(8) and VL = VR. Such an equilibrium is said to be stable if, after a small exogenous

migration, the consumer with propensity to locate in region L just slightly lower than

the indi�erent consumer (i.e., the consumer located at x + ε), will still rather live in L.

Formally, if d (VL − VR) /dh < 0.

The symmetric dispersion (equilibrium) corresponds to h∗ = 1/2, which is always a

solution to VL = VR irrespective of the home-sweet-home e�ect. It is stable if:13

d∆u

dh

(
1
2

)
≡

2(2σ − 1)(1− φ)
(

1+φ
2

) 1−θ
σ−1

(σ − 1)(2σ + φ− 1)
< t′

(
1
2

)
. (15)

A careful inspection of (15) allows us to conclude that the LHS is decreasing in φ if

θ ≥ 1. For θ < 1, it is decreasing in φ if σ ≥ 1 +
√

2/2 ≈ 1.71. Symmetric dispersion

then becomes easier to sustain under lower transportation costs if σ > 1 +
√

2/2, which,

according to recent empirical estimations for σ, is more than reasonable.14 Since t(h)

does not depend on φ, this result does not depend on consumer heterogeneity. Since,

at symmetric dispersion, consumers in each region have access to the same amount of

manufactures, an exogenous migration will induce a lower (higher) bene�t from local

consumption goods in the larger market if transport costs are lower (higher). This is

captured by the fact that the relative decrease in prices and increase in wages (at the

symmetric equilibrium) is more pronounced when transport costs are higher.

When the home-sweet-home e�ect is neither too strong or too weak, agents may dis-

tribute themselves asymmetrically between region L and region R at an equilibrium called

partial agglomeration. The results here concern stability of partial agglomeration in region

L, i.e., h∗ ∈ (1/2, 1).

We establish a su�cient condition for stability of partial agglomeration in Lemma 2 of

Appendix C. Since it is extremely di�cult to extract both numerical and analytical infor-

mation from partial agglomeration for a general θ, we consider here θ = 1 for illustration.

We get that partial agglomeration is stable if:15

− (2σ − 1)w−(σ+1) [w2σ − (w + 1)φwσ + w]
2

(σ − 1) [(σ − 1)φ+ (σ − 1)φw2σ + (−2σ + φ2 + 1)wσ]
< t′ (h∗) + t′ (1− h∗) . (16)

13See Appendix C for the Proof.
14Estimations evidence that σ should be signi�cantly larger than unity (Crozet, 2004; Head and Mayer,

2004; Niebuhr, 2006; Bosker et al., 2010). Anderson and Wincoop (2004), for instance, �nd that it is
likely to range from 5 to 10.

15Obtained from evaluating (25) in Appendix C at θ = 1.
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Since ∆u is increasing in h, the LHS of (16) cannot be negative.16

Regarding the in�uence of trade integration on partial agglomeration equilibria, we

establish the following result.

Proposition 1. For θ = 1, a stable partial agglomeration becomes more symmetric as

trade barriers decrease.

Proof. See Appendix D.

This proposition states that if most consumers reside in region L, increasing the

freeness of trade will lead to a smooth exodus from L to region R, irrespective of the

home-sweet-home e�ect. More integration thus increases the incentives for consumers to

distribute more equally among the two regions.

4 The impact of di�erent consumer preferences

Our discussion so far has left out functional forms for t(x). In this section we analyse the

impacts of di�erent functional forms for the utility penalty t(h) on the spatial distribu-

tions. We will show that qualitative changes in preferences produce very di�erent spatial

patterns.

Assumption 1. Let θ = 1.

From Section 3 (and Remark 1), we saw that the parameter θ simply scales up the

strength of agglomeration force. The qualitative behaviour of the model under θ = 1 is

thus similar to θ = 0. However, Assumption 1 greatly simpli�es the analysis by allowing

for analytically tractable expressions and is therefore warranted.

4.1 Logit preferences

For the two region case, and following Tabuchi and Thisse (2002) and Murata (2003) the

probability that a consumer will choose to reside in region L is given by the logit model

written as:

PL(h) =
euL(h)/µ

euL(h)/µ + euR(h)/µ
, (17)

where µ ≥ 0 is a scale parameter which measures the dispersion of consumer preferences.

If µ = 0, consumers do not care about their location preferences but rather solely about

relative wages. From section 3, the number of agents h is the same as the consumer x

who is indi�erent between living in region L or in region R. Therefore, the probability

16This requires (σ−1)φ+(σ−1)φw2σ+
(
−2σ + φ2 + 1

)
wσ < 0, which de�nes an interval for wσ which

we assume to hold henceforth.
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PL(h) is tantamount to the indi�erent consumer h in our model. Thus, using (17), we

can write:

h =
euL(h)/µ

euL(h)/µ + euR(h)/µ
. (18)

Manipulating (18) yields:

uL − µ lnh = uR − µ ln(1− h), (19)

which rearranged yields our long-run equilibrium condition, ∆u(h) = ∆t(h), where ∆t(h) =

µ [lnh− ln(1− h)] is the HSH e�ect yielded by Logit preferences.

Remark 2. If consumer idiosyncratic preferences follow a Fréchet distribution, then taking

the log over utility from consumption goods Ci in Murata's (2003) model yields the long-

run equilibrium condition in (19).

To see that it is, suppose ui = Ci. Under the Fréchet distribution, the probabily of

choosing L is:

PL(h) =
CL(h)

1
µ

CL(h)
1
µ + CR(h)

1
µ

.

Substituting PL(h) for the indi�erent consumer h and rearranging terms yields:

lnCL − lnCR = µ [lnh− ln(1− h)] .

The RHS corresponds to , whereas the LHS is equivalent to ∆u = uL − uR if ui = lnCi,

which is what we assume.

In other words, assuming a distribution of either type I (Gumbel) or type II (Fréchet)

for consumer location preferences yields closed form long-run equilibrium solutions with

isomorphic utility di�erentials from consumption, ∆u, and an identical HSH e�ect, ∆t(h).

Notice from (19) that t(h) = µ lnh < 0 for h ∈ [0, 1], so that the overall utility here is

interpreted as the utility from consumption plus a bene�t from living in the most preferred

region. The overall utility of a consumer in region i thus lies on the interval [Ui,+∞].

For a strictly positive µ, the consumer who likes region R the most (at x = 1) will never

want to live in L, because, at h = 1, the overall utility gain from moving from region L

to region R is in�nite. This means that the Logit penalizes (bene�ts) the consumers who

are less (more) willing to leave a region very strongly. Therefore, agglomeration in any

region is not possible.

This discussion allows us to formalize the following result, which summarizes the

possible spatial outcomes under Logit type preferences, depending on the degree of het-

erogeneity µ.
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Proposition 2. Under Logit type preferences, the spatial distribution depends on the level

of consumer heterogeneity as follows:

� Symmetric dispersion is the only stable equilibrium if:

µ > µd ≡
(2σ − 1)(1− φ)

(σ − 1)(2σ + φ− 1)
; (20)

� Partial agglomeration h∗ ∈
(

1
2
, 1
)
is the only stable equilibrium if µ < µd.

Proof. See Appendix E.

When consumer heterogeneity is low there is a single stable partial agglomeration equi-

librium that is very asymmetric (close to agglomeration). As consumer heterogeneity

increases, partial agglomeration corresponds to a more even distribution. Finally, if con-

sumer heterogeneity is high enough (µ > µd in (20)), consumers disperse symmetrically

across the two regions.

In Figure 3 we show how the spatial distribution of industry changes as regions become

more integrated. We set σ = 2.5 and µ = 0.2. Even with this value for µ (low overall

heterogeneity), there is a fraction 1−h∗ consumers for whom the home-sweet-home e�ect

o�sets the utility from consumption goods.

Figure 3 � Utility di�erential ∆u (dashed lines) and penalty di�erential t(h)−t(1−h)
(thick line) for increasing levels of φ. For φ = 0.3 (upper dashed line), dispersion

is unstable and partial agglomeration is stable. Forφ = 0.5 (medium dashed line)

dispersion is unstable, partial agglomeration is stable and is less asymmetric. For

φ = 0.9 (lower dashed line) dispersion is stable and is the only equilibrium. The

values for the parameters are σ = 2.5 and µ = 0.2.
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For low levels of the freeness of trade, the home-market e�ect is stronger at symmetric

dispersion, making it unstable. In this case, a unique stable partial agglomeration equilib-

rium exists where most consumers reside in region L. This means that there is just a small

fraction of consumers in R that are not willing to forego their preferred region because

the gain in consumption goods from doing so is not high enough. As regions become

more integrated, the home-market e�ect becomes weaker implying that less consumers

in R are willing to migrate to region L. This results in a unique partial agglomeration

equilibrium which is more evenly populated between both regions. Finally, for a high

level of inter-regional integration, agglomeration forces are so weak that no consumer is

willing to leave his most preferred region. Therefore, only symmetric dispersion is stable.

The preceding analysis is summarized in the two bifurcation diagrams in Figure 4,

along a smooth parameter path where µ and φ increase. We numerically uncover two

supercritical pitchfork bifurcations in µ and φ. The picture to the right in Figure 4

(increasing φ) di�ers from other supercritical pitchforks found in NEG literature (e.g.,

P�üger, 2004) crucially in the sense that the direction of change in stability as φ increases

is reversed, i.e., lower trade barriers leads to more symmetric spatial distributions.

Figure 4 � Bifurcation diagrams. To the left, the bifurcation parameter is µ ∈ [0, 1]
with φ = 0.4. To the right, we have φ ∈ (0, 1) as the bifurcation parameter and set

µ = 0.2. For both scenarios we use σ = 2.

4.2 Linear preferences

We now choose a utility penalty t(h) that allows us to relax the �extreme convexity�

implicit in the Logit speci�cation, by considering a linear function for the utility penalty,

t(x) = µx, where µ is again a scale parameter.17 The penalty di�erential ∆t(h) is also

17From an analytical point of view, most discrete choice models do not allow for closed form expressions.
Therefore, we choose a simple enough alternative that allows us to illustrate the impact of di�erent
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linear in h. One important implication is that the consumer's overall utility Vi is bounded

for the consumers at the ends of the distribution, x = {0, 1}. The next result summarizes

the di�erent spatial outcomes under linear preferences.

Proposition 3. When the utility penalty is linear in h, the possible spatial patterns are:

(i) agglomeration for a low degree of heterogeneity; (ii) either agglomeration or dispersion

for an intermediate degree of heterogeneity; and (iii) symmetric dispersion for a high

degree of heterogeneity.

Proof. See Appendix E.

We learn from Proposition 3 that dispersion and agglomeration are both stable for an

intermediate degree of heterogeneity. Hotelling type consumer heterogeneity allows us to

interpret simultaneously stable equilibria in light of the relation between regional income

disparities and location preferences, which we detail below.

Under linear preferences, the more attached consumers face a relatively lower utility

penalty when they migrate to a less preferred region. If regional size di�erences are

small, the gains in consumption from relocating to the slightly larger region are not

enough to o�set the decrement in utility of even the consumers who have just a marginally

higher preference for the smaller region (x = 1/2 + ε). However, the higher the spatial

discrepancies, the more workers value the gain in real wages compared to their personal

attachment towards a given region, which increases the willingness to migrate towards

the largest region. Above a high enough size di�erence, the gain in real wages is large

enough that it o�sets the personal attachment of any consumer toward the less populated

region. The initial spatial distribution will determine if there is a tendency towards spatial

convergence or divergence. In other words, history matters.

Figure 5 illustrates the possible stable equilibria for an increasing level of integration,

a �xed level for the degree of heterogeneity µ = 0.2, and σ = 5.

settings. Other more empirically founded settings could and should be considered.
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Figure 5 � Utility di�erentials ∆u (dashed lines) and penalty di�erential t(h)−t(1−h)
for increasing levels of φ. For φ = 0.3 (upper dashed line), only agglomeration is

stable. Forφ = 0.5 (medium dashed line), both agglomeration and dispersion are

simultaneously stable . For φ = 0.9 (lower dashed line) dispersion is stable and is

the only equilibrium. We set σ = 5 and µ = 0.2.

With low values for the freeness of trade there can only be full agglomeration. For

intermediate values, both agglomeration and dispersion are stable, and the historical

relative sizes of the region matter for the selection of the spatial equilibrium. Finally,

when the freeness of trade is very high, the dispersion force outweighs the agglomerative

forces and symmetric dispersion is the only (stable) equilibrium.

In Figure 6 we present bifurcation diagrams for variations in µ and φ. Under linear

preferences, we recover some of the classical predictions of the original CP model (or its

�identical twins� (Robert-Nicoud, 2005)). Namely, the model exhibits locational hysteresis

and there is the possibility for catastrophic agglomeration (Fujita et al., 1999; Baldwin et

al., 2004). The main di�erence is that the direction in the change of stability as φ increases

is reversed compared to other subcritical pitchforks identi�ed in NEG literature.
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Figure 6 � Bifurcation diagrams. To the left, the bifurcation parameter path is

µ ∈ [0, 1] and we set φ = 0.3. To the right, we have φ ∈ (0, 1) as the bifurcation

parameter and set µ = 0.2. For both scenarios we use σ = 5.

5 Trade integration and spatial inequality: a brief dis-

cussion

Although qualitative di�erences in the consumer location preferences e�ect produce sig-

ni�cant impacts on structure of the space economy, we have seen that heterogeneity alone

bears no impact on the relationship between trade integration and spatial inequality,

which is a monotonic decreasing one. This contrasts the �ndings in other works with

heterogeneity in consumer preferences, such as Tabuchi and Thisse (2002) and Murata

(2003), who show evidence of a bell-shaped relationship between trade integration and

spatial inequality. The former's setting di�ers from ours because the authors consider an

inter-regionally immobile workforce whose role as a dispersive force is enhanced by higher

transportation costs.

On the other hand, the results of Murata (2003), whose choice of short-run utility

corresponds to θ = 0, rely on a speci�c choice of a low value for the elasticity of substi-

tution, σ = 1.25. As we have discussed in Subsection 3.2, this choice can induce di�erent

�ndings/conclusions.

Hence, for what we believe is a reasonable and wide choice for the elasticity of substi-

tution, when workers are completely mobile, more trade integration ubiquitously reduces

the spatial inequalities between the two regions, irrespective of the degree of heterogene-

ity in location preferences. Therefore, a de facto lower inter-regional labour mobility

induced by consumer heterogeneity alone cannot account for the predictions that a higher

inter-regional integration will lead to more unequal spatial development or an otherwise
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bell-shaped relationship between the two.

6 Concluding remarks

We have used a simple economic geography model to show that di�erent consumer pref-

erences for location impact regional utility di�erentials with consequent implications on

the spatial distribution of economic activities.

Consumer heterogeneity toward residential location is usually modelled through prob-

abilistic migration according to the discrete choice Logit model. This imposes an as-

sumption on the distribution of consumer preferences which implies that some consumers

would bear a psychological cost, if they migrated to a less preferred region, that is just

too great. Therefore, no matter how large the gains from agglomeration due to increasing

returns and transportation costs, some people will always choose to live in a relatively

poor region. We acknowledge that, in some geographical contexts, some people are in

fact too attached to a given location, which would help sustain the claim that full ag-

glomeration in one single region is unlikely. This is even more so when regions have their

very own and distinct sets of cultural and historical amenities. However, the importance

of these amenities is likely to vary both quantitatively and qualitatively according to the

geographical scale. For instance, cultural and historical di�erences are generally more

important at a transnational scale than at the national scale. This would make individ-

uals more reluctant to move to another region than to move to another region within his

region.

While changes in the Logit model allow to account for di�erent heterogeneity scales

(Scarpa et al., 2008; Hess and Rose, 2012), they do not capture the fact that consumer

preferences may vary qualitatively. We illustrate our point of view, by using a very

simple framework, where we allow the utility penalty to be a linear function of consumer

preferences. This alone allows us to recover some of the predictions of the original CP

model (Krugman, 1991), such as catastrophic agglomeration and locational hysteresis.

The variety of possible spatial outcomes conveyed by just two di�erent speci�cations

for consumer preferences, while overlooking other well-known potential determinants of

spatial inequality, highlights the importance of considering qualitatively di�erent distri-

butions of individual sensitivities. While the structure of spatial distributions remains

invariant under changes in parameters of particular types of heterogeneity (like the Logit

model), it changes when we introduce preferences that are qualitatively di�erent. For

instance, under linear or concave preferences,

By considering that all consumers are allowed to migrate if they so desire, we have

shown that a higher inter-regional trade integration always leads to less spatial inequal-
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ity. This result is independent of the level and impact of consumer heterogeneity. This

conclusion may be of potential use for policy makers. Namely, the predictions that glob-

alization is likely to lead to more spatial inequality (World Bank, 2009) in the future may

be reversed if policies are undertaken to promote inter-regional mobility.

Although it is beyond the scope of this work, it would be interesting to dwell further in

the role of consumer heterogeneity in a more general setting, including multiple regions.

Such an analysis would allow to infer about the spatial patterns using di�erent agglom-

eration mechanisms generated by short-run equilibrium results which are model speci�c

and compare the results between NEG models in the literature.
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Appendix A - Wages and freeness of trade

Consider h = f(w) in (8). Let us now de�ne F (h,w) = f(w) − h = 0. Di�erentiation of

F (h,w) yields:
∂F (h,w)

∂w
=

wσG(wσ)

[w2σ − (w + 1)φwσ + w]2
, (21)

where:

G(wσ) = −
[
φ(σ − 1) + (σ − 1)φw2σ −

(
2σ − φ2 − 1

)
wσ
]
.
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The derivative in (21) is zero if G(wσ) = 0. One can observe that G(wσ) has either two

(real) zeros given by some {w−, w+} , or none. Moreover, G(wσ) is concave in wσ. Since

G (wσ = φ) = σ [φ(1− φ2)] > 0 and G (wσ = φ−1) = − [σφ (1− φ−2)] > 0, it must be

that G(wσ) > 0 for wσ ∈ [φ, φ−1] ⊂ (w−, w+).

We now proceed to show that w ∈
(
0, φ1/σ

)
and w ∈

(
φ−1/σ,+∞

)
are not de�ned in

h ∈ [0, 1]. Using (9), we have the following:

lim
w→0

h(w) = 0; lim
w→+∞

h(w) = 1; h(φ1/σ) = 0; h(φ−1/σ) = 1;

Since dh/dw = ∂F/∂w, we have that h(w) is increasing for wσ ∈ (w−, w+). The limits

above, together with the knowledge that the zeros of dh/dw lie to the left and right of

[φ, φ−1], ensure that h(w) < 0 for w ∈
(
0, φ1/σ

)
and h(w) > 1 for w ∈

(
φ−1/σ,+∞

)
.

Knowing that ∂F/∂h = −1 and ∂F/∂w are continuous, by the IFT we can write

w : h ∈ [0, 1] ⊂ R 7→ R such that dw/dh exists and F (h,w(h)) = 0.

Using implicit di�erentiation on (8), we get:

dw

dh
=

[w2σ − (w + 1)φwσ + w]
2

wσG(wσ)
. (22)

This derivative is positive for w ∈ [φ1/σ, φ−1/σ], which implies that w(h) is increasing in

[0, 1].

From F (h,w) = 0 de�ned above, di�erentiating with respect to φ, we get:

∂F

∂φ
+
∂F

∂w

dw

dφ
= 0 ⇐⇒

dw

dφ
= − ∂F

∂φ

/
∂F

∂w
.

Using (8) we get:
∂F

∂φ
=

wσ+1 (w2σ − 1)

[w2σ − (w + 1)φwσ + w]2
,

which is positive if h > 1/2, because the latter implies w > 1 (because w is increasing in

h). As a result, we have dw/dφ < 0. Therefore,the nominal wage w is decreasing in the

freeness of trade when L is the largest region (h > 1/2).

Lemma 1. The nominal wage is convex for h ∈
[

1
2
, 1
]
if σ ≥ 2.

Proof. Using F (w, h) to �nd d2w/dh2, we know that:

∂2F

∂h2︸︷︷︸
0

+
∂2F

∂w2

(
dw

dh

)2

+
∂F

∂w︸︷︷︸
>0

d2w

dh2
= 0,
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from which we obtain:

d2w

dh2
= −

∂2F

∂w2

(
dw

dh

)2

∂F

∂w

. (23)

We can compute ∂2F/∂w2 as:

∂2F

∂w2
= − wσ−1P

[w2σ − (w + 1)φwσ + w]3
, (24)

where:

P =− w4σ(σ − 1)σφ− w3σ
{

2σ(1− 2σ) + φ2
[
σ2 + σ + (σ − 2)(σ − 1)w

]}
+

+ w2σφ
{
w
[
3(σ − 3)σ + 2

(
φ2 + 2

)]
− 3(σ − 1)σ

}
+ wσ(σ − 1)

{
φ2 [σ + (σ + 4)w] + (2− 4σ)w

}
+

+ (σ − 2)(σ − 1)wφ,

which is a 4th degree polynomial in wσ. Therefore, P (X = wσ) has either zero, two or

four real roots. Since wσ = 0 if and only if w = 0, X = 0 is one solution to P (X) = 0.

Additionally, we have the following results concerning P (X).

(i). Evaluating P (X) at X = φ yields:

P (X = φ) = σφ
(
1− φ2

) {
2σφ2 +

[
(σ − 3)φ2 + 3(1− σ)

]
φ1/σ

}
,

which, by substituting σ = 2, becomes:

−2φ3/2
(
1− φ2

) (
3 + φ2 − 4φ3/2

)
,

which is negative since 3+φ2−4φ3/2 > 0. Taking the derivative of [(σ − 3)φ2 − 3(σ − 1)]φ1/σ+

2σφ2 with respect to σ yields:

d (.)

dσ
= − [(σ − 3)φ2 + 3(1− σ)]φ1/σ log φ

σ2
−
(
3− φ2

)
φ1/σ + 2φ2.

This derivative is negative, since − (3− φ2)φ1/σ + 2φ2 < 0, and

−
{[

(σ − 3)φ2 + 3(1− σ)
]
φ1/σ log φ

}
/σ2 < 0.

Therefore, the term [(σ − 3)φ2 − 3(σ − 1)]φ1/σ + 2σφ2 is negative for all σ ≥ 2, which

implies that P (X = φ) < 0 for all σ ≥ 2.

(ii). Evaluating P (X) at X = 1 gives us the following:

P (X = 1) = 2(1− φ)2(2σ + φ− 1) > 0.
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(iii). The derivative of P (X) at X = 0 is positive, since:

dP (X)

dX

∣∣∣∣
X=0

= (σ − 1)σφ2.

From (i) to (iii), we conclude that two more zeros exist for X ∈ (0, 1).

(iv). We have the following limit:

lim
X→∞

P (X) = −∞,

because the coe�cient of the term of highest order is negative. Using (ii) and (iv), we

then know that the last root of P (X) lies in the interval (0,+∞).

(v). Evaluating P (X) at X = 1/φ > 1 yields:

P

(
X =

1

φ

)
= −σ

(
1− φ2

)
φ−

1+3σ
σ

{
2σφ2 +

[
(σ − 1)φ2 − 3σ + 1

]
φ

1
σ

}
︸ ︷︷ ︸

Ω

.

Substituting, as in (i), σ = 2 in Ω, we get:

φ
(
4φ+ φ2 − 5

)
< 0.

Taking the derivative of Ω with respect to σ yields:

dΩ

dσ
= 2φ2 + φ1/σ(φ2 − 3)︸ ︷︷ ︸

A

− lnφ

σ2

[
(σ − 1)φ2 − 3σ + 1

]︸ ︷︷ ︸
B

.

We have B < 0 and A < 0. Therefore, dΩ/dσ < 0. As a result, P (X = 1/φ) > 0, for all

σ ≥ 2. Thus, we conclude that the last root of P (X) lies in the interval (φ−1,+∞), thus

implying that P (X) > 0 for X ∈ [1, φ−1].

(vi). The denominator in expression (24) is positive if:

w2σ − (w + 1)φwσ + w > 0.

This statement is true if w2σ + w − (w + 1)wσ > 0. Substituting X for wσ we get

Q(X) ≡ X2 − (w + 1)X + w,

which has roots X = 0 and X = 1. Since Q(X) is convex, it is positive for X > 1 implying
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that w2σ − (w + 1)φwσ + w > 0 if h ∈ [1/2, 1].

From (i) to (vi) we can thus conclude that ∂2F/∂w2 < 0 for h ∈
[

1
2
, 1
]
. Hence, from

expression (23) we know that d2w/dh2 > 0 for h ∈
[

1
2
, 1
]
. This concludes the proof.

Appendix B - Utility di�erentials

Utility di�erential ∆u:

(1). General isoelastic utility with θ ∈ [0, 1) ∪ (1,+∞).

Using the chain rule we can write the derivative of ∆u with respect to h as follows:
d∆u

dh
=
∂∆u

∂h
+
∂∆u

∂w

dw

dh
.

First:

∂∆u

∂h
=
w1−θ (w1−σ − φ

) [
h
(
w1−σ − φ

)
+ φ

]− θ+σ−2
σ−1 +

(
1− φw1−σ) [h (φw1−σ − 1

)
+ 1
]− θ+σ−2

σ−1

σ − 1
.

We shall restrict to the case where h ∈ (1/2, 1], i.e., w ∈ (1, φ−1/σ]. We have w1−σ−φ > 0,

because w1−σ is decreasing in w, and w1−σ(w = 1) = 1 and w1−σ(w = φ−1/σ) = φ(σ−1)/σ >

φ. The terms h (w1−σ − φ)+φ and h (φw1−σ − 1)+1 are both positive because 1−h > 0.

Finally, we have 1 − φw1−σ > 0 because φw1−σ(w = 1) = φ < 1, φw1−σ(w = φ−1/σ) =

φ(2σ−1)/σ < 1 and φw1−σ is increasing in w. Therefore, ∂∆u/∂h > 0 for θ < 1.

Second, we have:

∂∆u

∂w
= φ

(1− h)w−θ
[
h
(
w1−σ − φ

)
+ φ

]− θ+σ−2
σ−1 +

h
[
h
(
φw1−σ − 1

)
+ 1
] 1−θ
σ−1

(1− h)wσ + hwφ

 .

Given the preceding arguments it follows also that ∂∆u/∂w > 0. Since, from Appendix

A, we know that dw/dh > 0, we thus conclude that d∆u/dh > 0.

(2). Log-utility (θ = 1), ui = lnCi:
d∆u

dh
=
d(uL − uR)

dh
,

which is given by the following expression:

d∆u

dh
=
h2(σ − 1)φw2w′ + wσ+1

[
2(1− h)h(σ − 1)φ2w′ −

(
φ2 − 1

)
w
]

+ (h− 1)2(σ − 1)φw2σw′

(σ − 1)w [hφw + (1− h)wσ] [hw + (1− h)φwσ]
.

Since w′ > 0, it follows that d∆u/dh > 0. This concludes the �nal part of the proof. �

Appendix C - Interior Equilibria

The following result establishes a su�cient condition for stability of interior equilibria.
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Lemma 2. An interior equilibrium h∗ ∈ [1/2, 1) is stable if:

ζ

{
ϕ

[
wσ + w1−σ − (w + 1)φ

w (1− φ2)

] θ−1
σ−1

− ψ
[
w2σ − (w + 1)φwσ + w

w (1− φ2)

] θ+σ−2
σ−1

}
< t′ (h∗) + t′ (1− h∗) , (25)

where h∗ satis�es the short-run equilibrium condition in (8), and:

ζ =
w−(θ+σ+1)

(σ − 1) [(σ − 1)φ+ (σ − 1)φw2σ + (−2σ + φ2 + 1)wσ]
;

ϕ = w {φ [σ + (σ − 1)w]wσ − 2σw + w}
[
w2σ − (w + 1)φwσ + w

]
;

ψ =
(
1− φ2

)
wθ+σ+1 [(2σ − 1)wσ − σ(w + 1)φ+ φ] .

Proof. Taking the derivative of (10) with respect to h yields:

d∆u

dh
= −

w−(θ+σ)

{
wθ

(
hφw1−σ − h+ 1

)− θ+σ−2
σ−1 [−h(σ − 1)φw′ − wσ + φw] +

(
hw1−σ − hφ+ φ

)−(
1+ θ

σ−1

)
Ω

}
(σ − 1)

, (26)

where:

Ω = −w
(
hw1−σ − hφ+ φ

) 1
σ−1

[
−h(σ − 1)w′ − φwσ + w

]
− (σ − 1)wσw′

(
hw1−σ − hφ+ φ

) σ
σ−1 ,

Substituting for w′ using (22) from Appendix A, and given that any partial equilibrium
h∗ must satisfy the short-run equilibrium condition given by (8), we reach:

d∆u

dh

∣∣∣∣
h=h∗

= ζ

{
ϕ

[
wσ−1 + w−σ − (1 + w−1)φ

1− φ2

] θ−1
σ−1

− ψ
[
w2σ − (w + 1)φwσ + w

w (1− φ2)

] θ+σ−2
σ−1

}
, (27)

with:

ζ =
w−(θ+σ+1)

(σ − 1) [(σ − 1)φ+ (σ − 1)φw2σ + (−2σ + φ2 + 1)wσ]
;

ϕ = w {φ [σ + (σ − 1)w]wσ − 2σw + w}
[
w2σ − (w + 1)φwσ + w

]
;

ψ =
(
1− φ2

)
wθ+σ+1 [(2σ − 1)wσ − σ(w + 1)φ+ φ] .

Since an interior equilibrium is stable if d∆u/dh < d [t(h)− t(1− h)] /dh at h = h∗, it is

stable if (27) is negative, which concludes the proof.

Stability of symmetric dispersion:

Knowing that w = 1 for h = 1/2, evaluating (25) at 1/2, simpli�es to:

2(2σ − 1)(1− φ)
(

1+φ
2

) 1−θ
σ−1

(σ − 1)(2σ + φ− 1)
< t′

(
1
2

)
,

which concludes the proof. �
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Proof of Proposition 1:

Any interior long-run equilibrium h∗ ∈ (1/2, 1) must satisfy the following system of equa-

tions:

F (h,w) ≡ f(w)− h = 0 (28)

G(h,w) = ∆u(h,w) + t(1− h)− t(h) = 0,

where f(w) is given by the expression in (8) and ∆u(h,w) is the utility di�erential given by

(10). For points (w0, h0, φ0) satisfying (28), if F (w, h, φ) and G(w, h, φ) have continuous

partial derivatives in a neighbourhood of (w0, h0, φ0) and:

det


∂F

∂h

∂F

∂w

∂G

∂h

∂G

∂w

 6= 0,

then there exists a neighbourhood B of φ0 ∈ R and a continuous di�erentiable function

W : B 7→ R such that F (φ,W (φ)) = 0 and G (φ,W (φ)) = 0 for all φ ∈ B. Then, using
Cramer's rule, we can compute the following derivative:

dh∗

dφ
=

∂F

∂w

∂G

∂φ
− ∂G

∂w

∂F

∂φ
∂F

∂h

∂G

∂w
− ∂F

∂w

∂G

∂h

. (29)

Computing all partial derivatives in (29), and evaluating at h∗ using (8) yields:

dh∗

dφ
=

(2σ − 1) (w2σ − 1)

Θ
,

where:

Θ =(σ − 1)
[
(σ − 1)φ+ (σ − 1)φw2σ +

(
−2σ + φ2 + 1

)
wσ
] [
t′ (h∗) + t′ (1− h∗)

]
+

+ w−(σ+1)(2σ − 1)
[
w2σ − (w + 1)φwσ + w

]2
.

The numerator is positive since w2σ > 1 for h > 1/2. As for Θ, it is negative if (16) holds,

since we are assuming that:

[
(σ − 1)φ+ (σ − 1)φw2σ +

(
−2σ + φ2 + 1

)
wσ
]
< 0.

Therefore, when agglomeration is stable, we have dh∗/dφ < 0, implying that partial
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agglomeration becomes more symmetric as the freeness of trade increases. This concludes

the proof. �

Appendix E - Logit and linear heterogeneity

Proof of Proposition 2:

When t(x) = µ lnx, the RHS of expression (27) is given by:

t′ (h∗)− t′ (1− h∗) = µ

[
1

h(1− h)

]
.

Replacing in (27) and rearranging, partial agglomeration is stable if:

−
w−σ−1

[
w2σ − (w + 1)φwσ + w

]2
Γ

(σ − 1) (wσ − φ) (1− φwσ) [(σ − 1)φ+ (σ − 1)φw2σ + (−2σ + φ2 + 1)wσ]
< 0, (30)

where

Γ = φ
[
µ(σ − 1)2 − 2σ + 1

]
+ φ

[
µ(σ − 1)2 − 2σ + 1

]
w2σ−

− wσ
{
φ2 [−(µ+ 2)σ + µ+ 1] + (2σ − 1) [µ(σ − 1)− 1]

}
.

The numerator of (30) except Γ is positive, and so is (wσ − φ) (1− φwσ). From Appendix

A, we know that:

(σ − 1)φ+ (σ − 1)φw2σ +
(
−2σ + φ2 + 1

)
wσ < 0.

Therefore, (27) holds if and only if Γ < 0, which gives:

µ > µp ≡
(2σ − 1)(wσ − φ)(1− wσφ)

(σ − 1) [(2σ − φ2 − 1)wσ − (σ − 1)φw2σ − (σ − 1)φ]
.

The condition for partial agglomeration in (30) holds for any interior equilibrium including

symmetric dispersion h∗ = 1/2. At symmetric dispersion we have w = 1 and the condition

above simpli�es to:

µ > µd ≡
(2σ − 1)(1− φ)

(σ − 1)(2σ + φ− 1)
.

The derivative of µp with respect to X ≡ wσ equals:

∂µp
∂X

=
σ(2σ − 1) (X2 − 1)φ (φ2 − 1)

(σ − 1) ((σ − 1) (X2 + 1)φ− 2σX +Xφ2 +X)2 < 0.

We can also see that µp approaches zero as wσ approaches φ−1. Therefore, we conclude
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that 0 < µp < µd. Under the assumption that only one partial agglomeration equilibrium

h∗ ∈ (1/2, 1) exists, we have two possibilities: (i) if µ ∈ (µp, ud), partial agglomeration

is the only stable equilibrium; and (ii) if µ > µd, symmetric dispersion is the only stable

equilibrium. Assume now, by way of contradiction, that µ ∈ (0, µp). Then both dispersion

and partial agglomeration are unstable. Since the state space is one dimensional, this

would require agglomeration to be stable. However, we know that agglomeration is always

unstable, which implies that either partial agglomeration or dispersion are stable. Hence,

µ /∈ (0, µp). Therefore, symmetric dispersion is the only stable equilibrium if µ > µd;

otherwise, partial agglomeration is the only stable equilibrium. �

Proof of Proposition 3:

Considering (15) and t(h) = µh, dispersion is stable if:

µ > µb ≡
2(2σ − 1)(1− φ)

(σ − 1)(2σ + φ− 1)
.

Using (14), together with t(h) = µh, we conclude that agglomeration is stable if:

µ < µs ≡ −
(2σ − 1) lnφ

σ(σ − 1)
.

If µs > µb, there exists a µ ∈ (µb, µs) for which both agglomeration and dispersion are

simultaneously stable. We have:

µs − µb = −(2σ − 1) [−2σ(1− φ) + (2σ + φ− 1) log φ]

(σ − 1)σ(2σ + φ− 1)
> 0.

Therefore, µs > µb. We thus conclude that if µ < µb, only agglomeration is stable. If

µ ∈ (µb, µs), both dispersion and agglomeration are simultaneously stable. Finally, for

µ > µs, only dispersion is stable. �
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