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Abstract
By introducing heterogeneity between high-skilled mobile and low-skill immobile
workers in a model with land rent and commuting costs we develop a new model in
the …eld of the new economic geography. This model, which can reveal a dispersionagglomeration-dispersion con…guration when trade gets freer, is used to compare
via the Pareto criterion the two possible market outcomes, i.e. agglomeration and
dispersion. When these equilibria can be ranked it is shown that dispersion can be a
Pareto-e¢ cient outcome.
JEL classi…cation: F12; R13
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Introduction

Surprisingly in his Nobel lecture, Paul Krugman [2008] challenged the conclusions of the
Core-Periphery model (Krugman [1991]) in part because some empirical studies reveal
that its main result— agglomeration of activities— appears to belong to the past at least
in developed countries1 . In France, Combes et al. [2008] indicate that manufacturing and
services experienced bell-shaped spatial development curves, according to which agglomeration reached maxima around 1930 and then decreased. According to Krugman [2008],
such a process of dispersion "may be explained by the decline of increasing returns as a
force in the world economy".
This study adopts an alternative point of view, though one already suggested by Krugman and Livas [1996], and argues that agglomeration may destroy itself by increasing the
cost of living in big cities. A welfare analysis also serves to help determine the conditions
in which agglomeration or dispersion may result in better social outcomes. Such questions generate ongoing and interesting debates, starting with the welfare-based analysis
of the Core-Periphery model by Charlot et al. [2006]. These authors demonstrate that
agglomeration and dispersion could not be Pareto ranked, because regardless of the value
of trade costs, the Core’s inhabitants prefer agglomeration, whereas Peripheral workers
prefer a dispersed equilibrium. Ottaviano and Robert-Nicoud [2006] and Robert-Nicoud
I am particularly grateful to Marc Fleurbaey, Carl Gaigné, Frédéric Robert-Nicoud, Sylvie Charlot
and Jacques Thisse for helpful comments.
y fabien.candau@univ-pau.fr
1 Krugman particularly notes work by Kim [1998] showing that U.S. manufacturing industries have
experienced a dispersion tendency since 1950. For a defence of the relevance of Krugman’s contemporary
contributions, see Brülhart [2009]. For deeper analysis of his well-deserved Nobel Prize, see Behrens and
Robert-Nicoud [2009], Brackman and Garretsen [2009], and Fujita and Thisse [2009].
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[2006] further …nd, using models with vertical links between …rms, that agglomeration
Pareto-dominates dispersion when trade costs are low enough.2
This conclusion may emerge because in these three models, the cost of living is always
smaller at the Core than at the Periphery, because goods are produced there, which reduces
imports and the burden of trade costs. Yet the cost of moving goods is only a part of
the cost of living; for example, urban costs for commuting and land rent also matter. By
integrating these features it is doubtful to …nd that the cost of living is still smaller in big
cities since urban costs seem to increase with respect to the urban size. For example, in
1996, the rent per square meter within the city of Paris was 84% higher than the national
average (Cavailhès et al. [2004]). Furthermore in US, the aggregate travel time to work (in
minutes) in 2007, calculated for more than 500 Metropolitan and Micropolitan Statistical
Area (MSA), correlates positively with the population living in such areas, as Figure below
reveals.3

Therefore, by integrating commuting costs and land rent into the NEG framework,
this study suggests that, depending on structural parameters, the cost of living may be
higher in the Core than at the Periphery. Other models include these costs as well, such as
Krugman and Livas [1996], Tabuchi [1998], Helpman [1998], Sudekum [2006], Murata and
Thisse [2006], and Alonso-Villar [2008]. However, the question of the social desirability
of agglomeration remains insu¢ ciently addressed. In recent work, Sudekum [2008] and
P‡üfer and Sudekum [2008.b] build models that share some of the properties proposed
herein, including the possibility of a higher cost of living in the Core than at the Periphery.
Their model is analytically solvable and features a reasonable welfare analysis; however,
they consider a di¤erent setting, in which the dispersive force stems from immobile housing
2 Gaigné [2006] instead …nds that dispersion can be prefered by everyone in some conditions; Ottaviano
and Thisse [2002] further show that agglomeration is not necessarily e¢ cient, even for mobile workers.
P‡uger and Sudekum [2008.a] o¤er a survey of welfare in models in which workers are geographically
mobile.
3 Source: US Census Bureau (American Community Survey). Figure a shows areas with fewer than
500,000 people; Figure b depicts areas with more than 500,000 inhabitants.
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stock, and they do not consider income e¤ect for housing, which is questionable from an
empirical point of view.4
Moreover, their model features no distinct, multiple equilibria; agglomeration occurs
gradually. The present study instead allows dispersion and agglomeration to remain stable
for the same set of parameters. The analysis therefore provides a complement to previous
work, in that it can assess welfare when multiple equilibria are stable. In some circumstances, the market can lead to an ine¢ cient equilibrium if agglomeration occurs, because
that spatial con…guration harms Peripheral workers while dispersion is also possible and
bene…ts everyone in terms of welfare.
Therefore, this study reveals that in some speci…c conditions, decentralization policies
can be bene…cial if agglomeration occurs, whereas agglomeration policies are not recommended according to the Pareto criterion if dispersion emerges spontaneously.
The remainder of this article is structured as follows: the …rst part presents the economic geography model used to gather the analytical results. Next, the basic results
demonstrate that the model can reveal a dispersion— agglomeration— dispersion con…guration when trade becomes freer. The …nal section integrates welfare into the analysis.

2

The model

Consider an economy with two regions (labelled r=1,2) and two sectors. Each region is
formed by a city spread along a one-dimensional space X. The amount of land available
at each location x 2 X is equal to one. The background sector A (agriculture) produces
a homogenous good under constant returns to scale (or CRS) in a perfectly competitive
environment using unskilled workers (whose wages are denoted by wA ) only. This good is
taken as the numeraire, its output is freely traded; so that its price is 1 in both regions.
This yields wA = 1 because of CRS. The manufacturing sector M produces a di¤erentiated product under increasing returns to scale (or IRS) in a monopolistically competitive
environment à la Dixit and Stiglitz [1977] using skilled and unskilled workers5 . We assume
that skilled workers (also called entrepreneurs in the literature) are mobile from one city
to the next while unskilled workers are spatially immobile but perfectly mobile between
sectors. Unlike unskilled who do not need to commute and who are located in city suburbs,
where land rent is null, skilled workers who own one unit of land are spread along a line,
and because their business is located in the middle of this line (called the Central Business
District (CBD)) they need to commute. Indeed all industrial …rms located in region r are
set up at the CBD situated at the origin x = 0 of X. These commuting costs have a direct
impact on their labour force. Each skilled consumes one unit of land, supplies one unit of
labor, and commutes to the CBD. Hence, in equilibrium, skilled are equally distributed
around the CBD of region r whose urban landscape is therefore given by [ hr =2; hr =2]
with hr the number of skilled workers in region r. Commuting costs have an iceberg form,
thus implying that the e¤ective labor supply by a skilled worker living at a distance j x j
from the CBD is given by:
s(x) = 1
4 As

2 j x j with x 2 [ hr =2; hr =2]

(1)

Sudekum [2008] notices "income elasticities for housing are positive in reality".
model thus di¤ers from Krugman and Livas [1996], Murata and Thisse [2006] and Helpman [1998]
since these authors do not introduce the agricultural sector and consider only one kind of workers.
5 The

3

where (with < 1) is skilled worker’commuting cost, j x j measures distance to CBD.
Indeed as the number of skilled in one city is hr , the maximal distance from the CBD is
hr
2 , thus the total labour supply net of commuting cost in one city is equal to :

Sr =

h
Zr =2

s(x)dx = hr (1

hr =2):

(2)

hr =2

As land rent at both edges of the segment is normalized to zero, if wr is the wage of skilled
near the CBD, then wage net of commuting costs earned at both edges is:
s(hr =2)wr = s( hr =2)wr = (1

hr )wr :

(3)

Because consumers are identical in terms of preferences and income, at equilibrium they
must reach the same utility level. Thus skilled workers who live on the fringe of the
segment only receive a net wage of (1
hr )wr but pay no land rent. On the contrary,
workers who live near the CBD do not pay signi…cant commuting costs, but the price of the
services yielded by land is higher in this location. Thus, the increase in nominal wage near
central places o¤sets land rent. A move from the suburb to the CBD implies a decrease in
commuting and therefore an increase in net wage, but also an equivalent increase in land
rent which equalizes utility among individuals. In other terms, the following condition
must be veri…ed:
s(x)wr Rr (x) = (1
hr )wr ;
where s(x) is the total amount supplied by a skilled worker who lives on the fringe of the
CBD, Rr (x) is the land rent prevailing at x in region r, while the right-hand side represents
the wage net of commuting costs earned at both edges given by (3). By inserting expression
(1) into this system we …nd the following land rent:
Rr (x) = (hr

2 j x j)wr

with x 2 [ hr =2; hr =2]:

From this equation we can …nd the Aggregate Land Rent (ALR):

ALRr =

h
Zr =2

Rr (x)dx =

h2r wr
:
2

hr =2

While on the one hand, Tabuchi [1998] assumes that there are absentee landlords, and on
the other, Helpman [1998] assumes that the aggregate land rent is owned at the global
level, here it is assumed with Krugman and Livas [1996] that each skilled worker owns an
equal share of the ALR where they reside. Thus their non salaried income is:
ALRr
hr wr
=
:
hr
2

(4)

We can now turn to consumers’ behavior. All consumers share the same Cobb-Douglas
utility function and consume one industrial good, which is a composite of di¤erent varieties,
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and one agricultural good:

Ur =

Mr A1r

with

2

Mr = 4

Z

mrr (i)

1

di +

Z

mrs (i)

i2ns

i2nr

1

3

di5

1

;

(5)

where Mr is the consumption of a manufactures aggregate, Ar of the agricultural good, nr
is the set of varieties produced in region r and ns varieties produced in region s (r; s = 1; 2
with r 6= s), > 1 is the elasticity of substitution among these varieties. A share of
nominal income, denoted Yr , is spent on manufactures, and 1
on agricultural produce.
Industrial varieties are exchanged between regions under transaction costs which take the
form of iceberg costs: > 1 units of the variety must be sent from the origin for one unit
to arrive at destination. The budget constraint is then given by:
Z
Z
pr (i)mrr (i)di +
ps (i) mrs (i)di + pa A = Yr ;
i2nr

i2ns

where pa is the price of the agricultural good and with Yr given by:
Yr = hr (1

2

hr )wr + Lr

(6)

where (1 2 hr )wr comes from the income of land ownership ( hr wr =2) and from the wage
net of commuting costs earned at both edges ((1
hr )wr ) and where Lr represents the
number of unskilled in region r=1,2. In the following we consider that the population of
unskilled are identical in region 1 and 2, i.e L1 = L2 = L.
Then the solution to the utility maximization problem generates the following demands
in r for a typical variety produced respectively in location r and s:
mrr (i)

=

mrs (i) =

Yr

pr (i)
Pr1
Yr
ps (i)
Pr1

with Pr the price index in r:
2

Pr = 4

Z

i2nr

pr (i)1

di +

Z

ps (i)1

i2ns

1

311

di5

;

(7)

We can now turn to the …rms’behavior. Concerning the cost function, we assume that
the production of a typical variety of manufactured goods involves skilled’ services as a
…xed cost, and the use of units of unskilled workers for each unit of output produced.
Thus the total cost of producing qr (i) units of a typical manufactured variety is:
T Cr (i) = wr + qr (i);
5

(8)

This cost function has been used for the …rst time by Forslid and Ottaviano [2003] in
Krugman’s Core-Periphery model and has rarely been applied to a model with land rent
and commuting costs, certainly because models which integrate these urban economics
features have dropped unskilled workers (see Krugman and Livas [1996], Candau [2008
b,c] or Murata and Thisse [2005]). Such a cost function which is in essence an assumption
of convenience turns out to be justi…able on empirical grounds, indeed we implicitly assume that skilled workers perform service tasks in the CBD and that production is being
conducted in suburban areas (because unskilled/immobile workers are located there).
Because each …rm produces a distinct variety, the number of …rms is also the number
of varieties consumed. Thus each …rm is a monopolist on the production of its variety and
maximizes its pro…t with:
qr (i) = mrr (i) + msr (i)
(9)
According to the Dixit-Stiglitz monopolistic competition, a typical …rm sets the following
price:
pr (i) =
=(
1):
(10)
Prices are thus constant and independent of the residual claimants to the pro…ts earn by
skilled workers. Until the end of the article the input-output coe¢ cient is normalized to
the reverse of the mark-up:
=(
1)= . With this standard assumption, prices are
equal to one where the variety is produced (and to when the variety is imported).
Under free entry, pro…ts are always equal to zero, which, using (8) and (10), gives the
level of output:
qr (i) = wr :
(11)
In equilibrium, a typical …rm employs one skilled workers, so that the total demand is
n. As skilled labour supply is exactly S, the equalization gives the number of varieties
produced:
n r = Sr :
(12)
The number of varieties produced is then proportional to the entrepreneurial force. This
equation is important since it embodies increasing returns at the level of the …rm and
shows that the more symmetric the spatial distribution of skilled workers, the larger the
total mass of varieties in the economy. Indeed by inserting S1 given by (2) in (12) and by
di¤erentiating the total mass of varieties with respect to h1 (the sum of the population is
normalized to one: h1 + h2 = 1), we get @(n1 + n2 )=@h1 = @(S1 + S2 )=@h1 = (1 2h1 )
and @ 2 (n1 + n2 )=@h21 = @ 2 (S1 + S2 )=@h21 = 2 < 0. Thus, the number of varieties is
maximized at h1 = 1=2 and declines as h1 increases. This result corresponds to proposition
1 of Murata and Thisse [2005].
By equalizing the demand (eq.(9)) to the supply (eq.(11)) nominal wages are obtained:
w1
w2

=
=

with b = = and where

b(S2

2
bL(bS2 (1
) ( 2 + 1 ))
2S S ( 2
+
S
)
+
b
1)
1
1 2
1 2

1

2

b(S2

2
bL(bS1 (1
) ( 1 + 2 ))
2
2
1)
1 + S1 2 ) + b S1 S2 (

1

2

1

and

2

are given by:
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(13)
(14)

1

P11

= S1 + S2 ,

2

(P2 )1

= S1 + S 2

(15)

From these equations we can see that two opposite forces drive relative nominal wages :
on the one hand an increase of skilled workers in one city exacerbates local competition
among …rms, thus new entry triggers a slump in the price index, and thereby in operating
pro…ts too, so that in order to stay in the market …rms need to reduce nominal wages
(market crowding e¤ect). But on the other hand, as the income generated by the new
workers is spent locally, sales and operating pro…ts increase and under the ‘zero pro…t
condition’this implies a higher nominal wage (the market access e¤ect). However, skilled
workers do not consider the relative nominal wage when they decide to migrate but the
relative real wage. Hence in the long run, migration stops when real wages are equalized in
case of symmetry (h1 = 12 ), or when agglomeration in one city generates a higher relative
real wage. More precisely it is assumed that migration is regulated by a simple marshallian
adjustment:
h=
where
it by:

h

h (V1

V2 );

is the adjustment speed. Then by denoting

=
=

V1
V2
w1 1
w2 1

with a =

the relative real wage, and de…ning

(16)
h1 =2
(
h2 =2

1

2

)

a

(17)

1

;

(18)

where V1 is total real income in region 1, including landowner’income. There is a stable
total agglomeration in region 1 if jh1 =1
1, a stable total agglomeration in region 2
if

jh1 =0

1 and a stable dispersed equilibrium if

d
dh1

h1 =1=2

< 0. In the following

we are going to analyse under which conditions the symetric interior equilibria and the
Core-Periphery equilibria are stable (while simulations will indicate that other asymetric
interior equilibria are unstable).
Let us notice that in equation (17) two additional forces appear : on the one hand the
term (1
h1 =2) which enters multiplicatively in the indirect utility, creates a dispersive
force independently of trade costs, which is the land market-crowding e¤ect. On the other
hand the third term 2 = 1 is an agglomerative force (price index e¤ect), indeed goods
are cheaper in the agglomerated area because imports are lower and thus the burden of
trade costs too.

3

Spatial equilibria

It is now possible to analyse the location decision of skilled workers. From (15), (13), (14)
and (17) the relative real wage that determines migration can be written as follows:
=

1
1

2

h1 =2 2S1 + S2 (1 +
h2 =2 2S2 + S1 (1 +

2
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(1
(1

2

)b)
2
)b)

S1 + S2
S 1 + S2

a

(19)

where S1 and S2 are given by (2):
S1
with h2

= h1 (1
h1 =2); S2 = h2 (1
= 1 h1

h2 =2)

Figure 1.a6 plots with respect to h1 for three di¤erent values of trade costs.
As it has been noticed previously is driven by four e¤ects: the market access e¤ect
and the market crowding e¤ect, which in‡uence nominal wages, and the price index e¤ect
and the land market crowding e¤ect, which determine the cost of living. Separate analyses
of the relative nominal wage (w1 =w2 represented by normal lines in Figure 1.b,c,d) and
a
2
the relative cost of living in region 1 (1=( 11 hh12 =2
represented by dashed lines in
=2 ( 1 )
Figure 1.b,c,d) o¤er more intuitive results.
For example, Figures 1.a and 1.b indicate that when trade costs are relatively high,
the dispersed equilibrium is stable. Indeed from dispersion (h1 = 1=2), migrations entail
a reduction in the relative nominal wages, as well as in the relative cost of living. But
because the decrease in nominal wage is greater than the decrease in the cost of living
though (see the solid and dashed lines in Figure 1.b), skilled workers regret their moves
and increase their relative real income returning to a dispersed situation (see Figure 1.a
for = 0:56). When trade is liberalized though (Fig 1.c and Fig 1.a with = 0:59),
agglomeration emerges as another stable equilibrium. From the dispersed equilibrium, a
small shock of migration (e.g., from h1 = 0:5 to h2 = 0:6) has the same e¤ect, whereas a
higher shock (h1 = 0:5 to h1 = 0:9) reduces the relative cost of living enough to overtake
the reduction in the relative nominal wage (see Figure 1.c). This situation attracts other
skilled workers, leading to total agglomeration. Finally, in Figure 1.d, the decrease in the
relative cost of living is always higher than the decrease in the relative nominal wage, which
indicates that agglomeration in regions 1 and 2 are stable, but dispersion is unstable.

Figure 1
6 Parameters

used in Figures 1 and 2 are

= 0:6;

8

= 4; L = 0:5:

Figure 2
When trade is liberalized even more (e.g. Figure 2.b), migration from h1 = 1=2 prompts
an increase in the relative nominal wage. This change (see the solid lines in Figures 1 and
2) occurs because the market access e¤ect, which previously was dominated by the market
crowding e¤ect, becomes the strongest force.
The critical level of trade freedom for which the two e¤ects exactly o¤set each other
can be obtained analytically7 . Di¤erentiating (17) with respect to h1 and evaluating it at
h1 = 1=2 shows that the region with more skilled workers o¤ers a higher (lower) wage in
the manufacturing sector whenever is larger (smaller) than the threshold:
w

1 b
1+b

(20)

Another di¤erence between Figure 1 and 2 pertains to the cost of living, which can be
higher in the Core than at the Periphery and takes a “S shape”when the number of skilled
workers increases.
In Krugman [1991] the former point is never veri…ed, the cost of living is always higher
in the Periphery than in the Core. Yet when the cost of living encompasses the price index
e¤ect as well as land market crowding e¤ect, at a critical value, agglomerative forces get
overtaken. Figures 1.b–d and Figure 2.b depict something similar to Krugman’s [1991]
scenario, because the cost of living is higher at the Periphery than in the Core8 . But
with a deeper trade integration (Figures 2.c,d), the cost of living in the Core becomes the
highest. Equalizing 1 h1a=2 to 1 h2a=2 at h1 = 1 shows that the Periphery o¤ers a lower
1

2

7 This

critical point is identical of that one obtained by Forslid and Ottaviano [2002].
at h1 = 1 (at h1 = 0) the cost of living in region 1 (region 2) is smaller than the cost of
living in the region 2 (region 1).
8 Respectively

9

(higher) cost of living than the Core whenever
c

(2

is larger (smaller) than the threshold:
1=a

)f

(21)

2

Finally, the particular shape of the cost of living curve in Figure 2.b indicates that in a
dispersed situation, this cost …rst increases and then decreases as workers migrates from
region 2 to region 1. This shift a¤ects the way redispersion occurs. Speci…cally, trade
liberalization moves the cost of living counterclockwise but also makes (at Figure 2.c) the
marginal impact of h1 on this cost decrease.
Therefore, the relative cost of living is higher than the relative nominal wage when h1
deviates slightly from dispersion, which restores the stability of the dispersed equilibrium.
But when the deviation is higher, the reverse situation occurs, and agglomeration in
regions 1 and 2 is still stable (Fig a and c with = 0:837). The shape of the cost of living
curve then represents a source of a possibly catastrophic redispersion. A small decrease in
trade costs (Figure 2.d) causes a sudden dispersion of the industry, such that dispersion
becomes the only stable outcome. This catastrophic dispersion also appears in Murata
and Thisse’s [2005] model, which they argue di¤ers from Helpman’s [1998] model, which
instead displays a gradual redispersion of activities.
Obviously simulations can provide only a sense of the possible equilibrium outcomes,
not the complete picture. Therefore, it is theoretically important to obtain analytical
results; this study therefore provides a public policy analysis.9

3.1

When is the symmetric equilibrium broken?

We start with the symmetric con…guration. Clearly the symmetric equilibrium is a persis1
= 11 hh12 =2
= 12
= 1 thus jh1 =1=2 =
tent steady state (indeed w
w2
=2
h1 =1=2

h1 =1=2

h1 =1=2

1). To study its stability Appendix A displays the analysis of the sign of

@
@h1

h1 =1=2

and

allows to prove the following result.
Proposition 1 The symmetric equilibrium is stable if and only if:
( )
with

A

=

1
1+

and

B

=

A (a

+

B)

<

=2
2

( )

(22)

1 b
(1+b)
1 b+ (1+b) :

Proof. See Appendix A.
2
B)
= (1+b(2 2b1)+ )2 > 0 we can deduce that ( )
Since @@ A = (1+2 )2 < 0 while @(a+
@
can be bell-shaped and then the condition ( ) = ( ) can admit at most two solutions.
Indeed by resolving ( ) < ( ) we …nd that the symmetric equilibrium is stable if < b
9 Moreover, such results are important from an empirical point of view, because some research directly
tests them (e.g., Head and Mayer [2004]).
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and/or if

>

b

with

b

and

b

given by:
p
A + + B2 + 4 A
b
=
;
B + 2ab(
2) + (
4)
p
A+
B2 + 4 A
b
=
;
B + 2ab(
2) + (
4)
with A = 2(
2)(1 + ab) and B = b(

4) + 2a(

2):

Dispersion can be a stable equilibrium for both high and low trade costs. However,
depending on the value of parameters, the economic existence of b may vanish. If agglomeration forces are strong enough (i.e if is large and is low), dispersion is stable
only when trade is relatively free, as Figure 3 reveals10 by plotting ( ) and ( ) with
respect to trade costs and for di¤erent value of .

Figure 3
In a traditional economy, in which agricultural goods represent a major portion of
consumption ( = 0:3), regardless of the value of trade costs, dispersion is always stable
(indeed ( ) > ( )). But if the share of income devoted to industrial good increases
( = 0:6), dispersion is stable only for at low and high values of trade costs. Finally, in
a modern economy, in which industrial goods represent the main consumption ( = 0:8),
dispersion is only stable when trade is liberalized i.e 2 [ b ; 1] (as in Murata and Thisse
[2005]).
In turn, dispersion is stable for high trade costs i.e 2 [0; b ] (as in Krugman [1991])
if and only if there are no urban costs (in that case ( ) = 0) and the agglomeration
forces are small enough (e.g in Figure 3 at = 0:3). Thus, Krugman [1991] imposes an
1
> .
assumption of "no black holes," which limits the agglomeration forces:
The parameters in Figure 3 satisfy a di¤erent assumption:
1

>
1 0 Parameters:

2

= 1:5; f = 1; L = 0:5; = 0:8
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(23)

To understand why this condition is useful, consider the break points in terms of commuting costs.11 This analysis is interesting because it can describe the interplay between
commodities’transportation costs and workers’commuting costs in the formation of the
space economy. From Proposition 1 we know that the symmetric equilibrium is stable if
and only if ( ) < 2 =2 , which is equivalent to:
>

4 ( )
1+2 ( )

b

:

(24)

Appendix B shows that b is discontinuous with respect to , however if the no-black-hole
condition (23) holds then b becomes continuous 8 2 [0; 1]. This condition allows for
the evacuation of discontinuities and thus situations in which neither agglomeration nor
dispersion is stable.

3.2

When is the Core-Periphery pattern sustainable?

To determine whether the total agglomeration in region 1 is a stable equilibrium, this
investigation must determine whether the relative real wage in region 1 is higher than
1( jh1 =1 > 1), with jh1 =1 given by:
jh1 =1 =

) 1
b(1

(2
1+ 2

a
2

)

:

(25)

This expression allows to write:
Proposition 2 The Core-Periphery equilibrium is stable for intermediate value of trade
costs ( 2 [ s ; s ]) if and only if agglomeration forces and urban costs are low enough
1

(i.e if a 2 [0; 1[ and

2 [0; 2 1

1 b
1+a

a

2

(1 a)(1 b)
(1+a)(1+b)

]). If agglomeration forces are

strong enough a 2 [1; 1[, agglomeration is stable for a wide range of trade costs ( <
whatever the level of urban costs. With s and s given implicitly by:
(2
1+ 2

) 1
b(1

jh1 =1 =

(2
1+ 2

s)

a
2

)

=1

(26)

Proof. From (19) we get:
) 1
b(1

a
2

)

:

and since the Core-Periphery equilibrium is stable if and only if jh1 =1 > 1, we …nd
the implicit condition (26). Now we need to analyse how many roots are obtained from
jh1 =1 = 1. Firstly observe that jh1 =1 can be bell-shaped with respect to the freeness
of trade, indeed a log di¤erentiation of jh1 =1 gives:
d
1 1 See

jh1 =1 =
d =

jh1 =1

2

= [(1

a)

1

also Murata and Thisse [2005].
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(1

(1 + b)
]=
2
)(1 + b)=2

jh1 =1

and thus if a < 1 the …rst right-hand term into the bracket is positive and since the
second term is increasing in
and equals to zero at
= 0, the derivative is clearly
d j

= j

h1 =1
h1 =1
= 0,
positive up to some critical value of and negative after. Solving
d =
q
a)(1 b)
s max
the top of the bell is at = (1
hereafter. Thus if a < 1, jh1 =1
(1+a)(1+b) denoted

is below the unity around extreme values of trade freeness ( jh1 =1; =1 = 2 2 < 1 and
jh1 =1; =0 = 0 only if a < 1) and above it if jh1 =1; = s max > 1. By inserting s max

in (25), the condition

jh1 =1;
1

2 1

s max

> 1 is veri…ed if

two solutions,
( 2[

s;

jh1 =1;

s ]).

=0

1 ) and 8
s

and

If a > 1,

)

(

b(1 (

s max )1

. To sum up for a 2 [0; 1[ (or equivalently for
1

because a =

s max 2

1+(

<2

s max 2

a

) )

=

a

2

(1 a)(1 b)
(1+a)(1+b)

1 b
1+a

=

s , between which the agglomerative
d jh =1 = jh =1
1
1
< 1 hence s does not
d =
1 a

> 1 which is always veri…ed because lim

1[

a
2

(1 a)(1 b)
(1+a)(1+b)

1 b
1+a

2 [0; 2 1

2 [0;

], the equation (26) has
equilibrium is sustainable
exist and

s

exists only if

= +1 if a > 1 (or equivalently

!0

>
1).
The intuition behind this proposition is straightforward. At high trade costs, agglomeration is not possible because (with low agglomeration forces) servicing a distant market
is prohibitively expensive. Conversely, at very low trade costs, agglomeration is not really
necessary, because trade is cheap and agglomeration is expensive in reason of urban costs.
If urban costs are not too high, agglomeration will be stable for intermediate trade costs.
This Proposition 2 only gives an implicit expression of that resolves jh1 =1 = 1,
but it is easy to determine the expression of commuting costs that resolves it, indeed one
2
2
)
obtain = 2 1+ 1b(1a
. Then the Core-Periphery equilibrium is stable if jh1 =1 > 1,
which is veri…ed under the condition that:
<2
It is possible now to compare

3.3

s

1+

and

2

2

b(1

)

1 a
b

s

:

(27)

, in order to analyse multiple equilibria.

Trade costs versus commuting costs

Agglomeration and dispersion are simultaneously stable if b <
and (27) the condition that allows three stable equilibria i.e b
I

4 ( )
1+2 ( )

2+

1+

2

b(1
1 a

2

)

<
s

<0

s

, then by using (24)
< 0 is12 :
(28)

By analyzing this condition, the following result emerges:
1 2 More than a decade after the seminal paper of Krugman [1991], Robert-Nicoud [2005] has proved that
the sustain point occurs at a higher level of trade costs than the break point. Murata and Thisse [2005]
lead the same analysis concerning commuting costs and shows that s > b .
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Proposition 3 If
(i.e b < s ).

>

1
2

then agglomeration and dispersion can be simultaneous stable

s
Proof. We have to show that I = b
< 0, as a look at Figure 4 indicates. The curve
I has the same vertical asymptotes than b . Hence by assuming > 2 1 (see Appendix

B13 ) and because Ij

=1

=

dI
d

=1

= 0 while

d2 I
d 2

=1

= 2(a + b)2 > 0 we can conclude

that I is concave downward and always negative 8 2 [0; 1]. Thus b < s .
In order to illustrate how these critical points vary according to trade costs Figure
4.a14 plots s and b for di¤erent values of .

Figure 4
First observe what happens when the share of industrial goods is relatively high
( = 0:95). In that case, s and b are strictly decreasing with respect to trade costs, and
for a given level of urban cost (e.g., = 0:3), the economy moves from agglomeration to
dispersion when trade gets liberalized. This spatial con…guration is schematically represented in Figure 4.b, in which the vertical axis indicates the share of skilled workers in
many simulations it has been checked what happens if
< 2 1 . It has been found that (i) for
p
2
2
8+4a +12ab+b
3+2ab
]) we get b > 1 (see Appendix B, Figure A) and s < 0
high trade costs (8 2 [0;
1+2a+b+2ab
which means that 8 2 [0; 1] there is neither agglomeration nor dispersion in reason of discontinuities.
Thus the condition
> 2 1 really deserves its name of "no black hole condition"; (ii) for lower trade
p
8+4a2 +12ab+b2
3+2ab
; 1]) we get the same results than those presented at Figure 4 (this
costs (i.e 8 2 [
1+2a+b+2ab
is also clearly illustrated by Figures 1 and 2 where
the no black hole assumption has not been done but
p
1 3 In

3+2ab

where trade freeness were higher than
1 4 Parameters:
= 1:5; f = 1; L = 0:5

8+4a2 +12ab+b2
).
1+2a+b+2ab
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region 1, and the horizontal axis refers to the level of trade freeness. This …gure represents,
in the New Economic Geography jargon, a Tomahawk diagram.
Figure 4.a is more general than a standard Tomahawk diagram though, because every
horizontal line reveals a di¤erent spatial con…guration. For instance, without urban costs
( = 0) but with low agglomeration forces ( = 0:3), dispersion is stable for high trade
costs, but agglomeration occurs when trade is relatively free (Figure 4.e).
If commuting costs are small enough (e.g. = 0:3) and agglomerative forces are not too
strong (e.g. = 0:3), dispersion also can be stable for extreme values of trade costs and
agglomeration at intermediate values. This spatial con…guration appears in Figure 4.d,
where the critical points w and c derive from Equations (20) and (21) are reported.15
Between these two points, the agglomeration reward is quite strong, because the Core
o¤ers a higher nominal wage than does the Periphery— but also a lower cost of living.

4
4.1

Welfare
Agglomeration versus dispersion

Rather than investigating only skilled workers’relative welfare, this section o¤ers a …ner
analysis that considers the individual welfare of the four interest groups, as given by:
V1h (h)

= c

(1

h1 =2)w1
a

;

V2h (h) = c

(1

1

V1L (h)

1

= c

a;

V2L (h) = c

1

(

1
2)

h2 =2)w2
( 2) a

a

with c = (1
)1 . In the rest of this subsection we drop the term c.
The objective therefore is to examine these four expressions for the two opposite equilibria, agglomeration and dispersion, and determine which o¤ers the better social outcome.
Skilled workers clearly prefer agglomeration to dispersion when trade costs are relatively
high ( < ph = 44 3 ).
Indeed a skilled worker prefers agglomeration to dispersion when V1h (1) > V1h ( 12 ); and
with
bL
[2
(1 b)
2bL (4
1 b

V1h (1) =
1
V1h ( )
2

=

a

]

)(1 + )
8

a

such an inequality is veri…ed when:
<

p
h

=

4 3
4

(29)

This result is in accordance with Charlot et al. [2006], who analyze welfare in a
model without commuting costs and …nd that "whatever the level of transport costs, all
1 5 Precisely

we …nd

s

= 0:17 <

b

= 0:25 <

w

= 0:66 <

15

c

= 0:762 <

b

= 0:767 <

s

= 0:79

skilled workers prefer agglomeration to dispersion." Here with = 0, skilled workers prefer
agglomeration from autarky to free trade, because in a such case ph = 1.
Next, regarding the situation of immobile and unskilled workers, at the Core, they do
not care about transaction costs. They have nothing to import, because all varieties are
produced in region 1.
a
2
V1L (1) =
(30)
2
However, even if they do not commute, commuting costs a¤ect their welfare, because
such costs reduce the entrepreneurial force in the manufacturing sector and raise the cost
of living everywhere.
Notice that by assuming both that unskilled workers only enter the marginal cost
and that a CRS good that can be freely exported, this investigations requires the marginal
cost of production to be the same in the two regions, independent of the specialization
pattern of the region. In turn, whatever the share of the IRS activity in each region,
(1) the mill price of varieties is the same in the two regions, and (2) the nominal income
of unskilled workers remains identical. Thus, these standard assumptions have crucial
implications for not only the study of the agglomeration process but also welfare analyses.
In particular, only di¤erences in the cost of living matter for unskilled workers.
Under dispersion, unskilled workers’welfare are given by:
1
(4
1
V1L ( ) = V2L ( ) =
2
2

)(1 + )
8

a

(31)

Then under dispersion trade liberalization is welfare-enhancing.16 These two equations
and previous results in turn indicate that:
Proposition 4 Whatever the value of commuting costs and trade costs there is no con‡ict of interest between skilled and unskilled workers within the same city : in region 1
agglomeration is unanimously preferred to dispersion if and only if trade costs are high
p
enough ( < 44 3
), otherwise dispersion is prefered by all.
Proof. Concerning unskilled workers, those in region 1 prefer agglomeration to dispersion
under the condition that V1L (1) > V1L ( 12 ). By using equation (30) and equation (31) such
a result is obtained when:
4 3
< pL =
(32)
4
and we have shown previously that skilled workers prefer agglomeration to dispersion
when < ph = 44 3 : Thus ph = pL and there is no con‡ict of interests : agglomeration
p
is preferred to dispersion at the unanimity in region 1 when < 44 3
.
This result re‡ects the …nding that all forces that increase the desirability of concentration in the Core decrease and may even disappear when it comes to trade freedom. At the
opposite, the land market crowding e¤ect remains constant, so the price of agglomeration,
in terms of commuting costs, becomes too high for all the inhabitants of the Core when
trade gets liberalized. This result also might be explained by commuting costs, which
1 6 This

is true provided there is no change in the nature of the equilibrium.
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generate waste in the Core by decreasing the labor force available to produce varieties,
which means that love for variety is less satis…ed under the agglomerative equilibrium.
Welfare of unskilled in region 2 when agglomeration occurs in region 1 is given by:
V2L (1) =

a

2

(33)

2

Therefore, in region 2, trade costs have a real importance, and their decline enhances
welfare. Hence,
Proposition 5 (a) Agglomeration is always detrimental to unskilled workers at the Periphery, and (b) dispersion is Pareto improving for all workers if and only if trade is free
p
enough ( < 44 3
).
Proof. Unskilled workers in region 2 prefer dispersion to agglomeration if:
V2L (1=2)

V2L (1) > 0

and according to (30) and (31) this relation is veri…ed when < pL = 44 3 , which is
always satis…ed since 44 3 > 1. Unskilled workers of region 2 always prefer dispersion to
agglomeration. From this observation and previous proposition, it is clear that whereas
unskilled workers in region 2 are always against agglomeration, workers in region 1 are
in favor of such an equilibrium when the degree of trade liberalization is lower than p .
Beyond this level though, dispersion enhances the welfare of everyone.
A similar result comes from Ottaviano and Thisse [2002] in a di¤erent setting without
urban costs. As in their model by leaving one region (i.e., the dispersed situation), skilled
workers generate a negative externality for the welfare of the remaining unskilled workers
but a positive impact on the welfare of unskilled workers in the emerging Core (when some
impediments to trade exists < p , it is clear that VL (1) > VL (1=2) = VL (1=2) > VL (1)).

4.2

Equilibrium versus optimum

This section considers whether …rms’spatial distribution, as given by trade liberalization,
is optimal. This analysis relies on the critical values of urban costs.
From proposition 5 we know that dispersion is Pareto improving if < 3 44 , then by
rearranging this inequality we obtain that dispersion is improving for all if:
>
By comparing

p

and

b

4(1
3

)

p

one can …nd the following result:

Proposition 6 If the consumption of industrial goods is high enough ( > 3( 2 1) ) then
the market leads to an equilibrium of dispersion which is always optimal 8 2 [ p ; b ].
Proof. Dispersion is not optimal for 8 2 [ b ; p ]. This occurs in particular for high
trade costs (see Figure 5.b) then a condition that avoids this situation is b
> 1.
=0
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This condition is veri…ed if
d
d

p

3(

1)
2

. One can also verify that under this condition

b
p
>
. Indeed
> dd
if > 2( 11) and it is clear
=1
=1
=1
=1
that 3( 2 1) > 2( 11) for all > 1. Lastly observe that p = 1 if = 1=3 and notice
2) 2b)
2(1+a(b 2) 2b)
that 8 2 [ 3( 2 1) ; 1] we get b
= 2(1+a(b
1+a(b 2) b > 1. Indeed
1+a(b 2) b > 1 if
=1=3
p
p
9 18 +13 2
9 18 +13 2
2 [ 3+5
; 1] and 3( 2 1) > 3+5
for all > 1.
2
2

we have

d
d

b

>

d
d

This result indicates that agglomeration policies are not recommended from the Pareto
criterion if > 3( 2 1) and 8 2 [ p ; b ].
To illustrate this result and determine whether …rms’spatial distribution, as given by
trade liberalization, is optimal, Figure 5 compares s , b and p . According to Figure
5.a, when the manufacturing sector is small relative to the agricultural sector ( = 0:3),
the market can reach an equilibrium of dispersion that is not optimal 8 2 [ b ; p ]. In
particular, in this traditional economy, if trade costs are relatively high, dispersion is
always detrimental to skilled workers and unskilled workers in the potential Core. However,
because critical points of spatial con…guration depend on while p not, unanimity in favor
of dispersion can be systematically attained in this market.
As Figure 5.b shows, in a modern economy for which the agricultural sector has lesser
importance ( = 0:5), the range of parameters over which dispersion occurs in a nonoptimal fashion decreases. Figure 5.c ( = 0:99) illustrates that dispersion, when it occurs
in a modern economy, is always a Pareto improvement.

Figure 5
To conclude, this analysis leads to an interesting corollary to Propositions 3 and 7:
Proposition 7 If the consumption of industrial goods is high enough ( >
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3(

1)
2

) then

for all levels of commuting costs that belong to [ b ;
stable but dispersion is better for all individuals (i.e
Proof. Proposition 3 proves that if >
if > 3( 2 1) then b > p thus if > 3( 2

s

] dispersion and agglomeration are
> b > p)

s

then s > b and Proposition 6 proves that
one gets the following ranking: s > b > p .

1
2
1)

Such a result is not common in existing literature. Robert-Nicoud [2006], Ottaviano
and Robert-Nicoud [2006], and Charlot et al. [2006] all …nd that agglomeration and dispersion cannot be Pareto ranked and then carried out a cost-bene…t analysis17 ; Sudekum
[2008] and P‡üger and Sudekum [2008.b] use a speci…c social welfare function (utilitarian). Here the Pareto criterion is su¢ cient to obtain a result in which dispersion may
be the best situation, assuming some speci…c conditions are met. In line with Gaigné
[2006], this study reveals that "the analysis of the desirability of agglomeration merits
more attention."

5

Conclusion
"The models turns Sartre’s ‘Hell is other people’on its head: agglomeration
is unambiguously good for you. Because the cost of living is lower in the Core,
it is always better to live there than in the periphery." Neary [2001]

The ambiguous desirability of the spatial concentration of activities is often emphasized
by NEG models, because agglomeration entails prejudice against some, including immobile
workers who live at the Periphery, while also making lives of others easier, such as the
skilled workers or entrepreneurs who can …nd more outlets in the Core. However, as noted
by Peter Neary, many models in this …eld suggest agglomeration as a process that bene…ts
skilled workers or entrepreneurs, even though that standpoint is debatable. In Japan,
agglomeration in cities like Tokyo, Osaka, and Nagoya (the three largest metropolitan
areas) seems excessive to some entrepreneurs and skilled workers, who reject urban costs
and started moving away during the 1970s.18
Because it is not entirely satisfying to use a model in which the cost of living is
always lower in the Core, we introduce commuting costs and land rent into one of the
workhorse models of the NEG. This introduction alters some conclusions about spatial
con…guration and welfare. In particular, Propositions 1, 2, and 3 list some conditions
in which agglomeration and/or dispersion are stable. Proposition 4 shows that there is
no con‡ict of interest between inhabitants of the big city who prefer agglomeration of
activities when trade costs are relatively high. However, Proposition 5 indicates that this
spatial con…guration is always detrimental to Peripheral workers, whereas dispersion can
be a Pareto-e¢ cient outcome if trade costs are low enough. Proposition 7 suggests that in
a modern economy, in which the consumption of industrial goods is quite high compared
with the consumption of agricultural goods, decentralization policies that favor dispersion
may be useful if agglomeration occurs. On the contrary, Proposition 6 indicates that in
1 7 See Candau and Fleurbaey [2009] for a criticism on this method and a new proposition to compare
welfares
1 8 See Fujita et al. [2004], who argue that the predictions of the CP model can be veri…ed only between
1955 and 1962.
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some conditions, agglomeration policies are perhaps not appropriate, according to the
Pareto criterion, if dispersion emerges spontaneously.
This study represents an initial …rst step in understanding how trade costs and urban
costs may interact in the formation of cities. The spatial patterns adopted should be
improved. In particular, this research focuses on monocentric cities, in which unskilled
workers live and work in the suburbs and do not pay land rent. If such an assumption
provides useful as a …rst approximation, it also deserves to be improved and extended in
further research19 .
Moreover, assuming perfect mobility for skilled workers makes sense at a regional level
but not at the international scale. In recent periods, skilled workers have been slightly
more mobile than unskilled workers, but this scenario has not always been the case (e.g.,
early migrations in Europe or the United States 20 ). Furthermore, mobility remains very
low for both skilled and unskilled workers. Thus these results require veri…cation through
other economic geography models that assume no or imperfect labor mobility.21
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When is the symmetric equilibrium broken?

By letting for convenience
A

=

1
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we get:
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h1 =1=2

with:
d
dh1

Thus from (35) we …nd that
the proposition 1 with
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which gives

=2
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The "no black hole condition" revisited

Let’s observe how b behaves
with respect to . Thisp critical point has two vertical
p
8+4a2 +12ab+b2
8+4a2 +12ab+b2
and = 3+2ab+1+2a+b+2ab
. So we are going
asymptote at = 3+2ab 1+2a+b+2ab
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to analyse

b

succesively for

p
3+2ab+ 8+4a2 +12ab+b2
]
1+2a+b+2ab

and

p

2

2

8+4a +12ab+b
2 ( 1; 3+2ab 1+2a+b+2ab
],

2

p
8+4a2 +12ab+b2
[ 3+2ab+1+2a+b+2ab
; +1).
b

p

2

p

2

2

8+4a +12ab+b
is concave upward for 2 ( 1; 3+2ab 1+2a+b+2ab
]
p
2
2
a(b 1) 2 (1+ab)(1 b )
denoted b min (not reported here
=
(1+b)(2+a+ab)

According to standard algebra
and attains its minimum at

2

8+4a +12ab+b
2 [ 3+2ab 1+2a+b+2ab
;

for convenience but available on request). Figure A plots b min with respect to for difb min
ferent values of and shows that
is always higher than one. But by de…nition < 1
p
3+2ab
8+4a2 +12ab+b2
this means that 8 <
we always get < b and thus dispersion is
1+2a+b+2ab
never stable.

Figure A
But this situation canpbe avoided, indeed by de…nition
2 [0; 1] thus if the vertical
8+4a2 +12ab+b2
3+2ab
is equal to zero, then we can forget what happens
asymptote =
1+2a+b+2ab
p

2

p

2

2

2

8+4a +12ab+b
8+4a +12ab+b
< 0 if
for 2 ( 1; 3+2ab 1+2a+b+2ab
]. Hence we …nd that 3+2ab 1+2a+b+2ab
1
> 2 .
p
8+4a2 +12ab+b2
Standard algebra also shows that b is concave downward for 2 [ 3+2ab 1+2a+b+2ab
;
p
3+2ab+ 8+4a2 +12ab+b2
]
1+2a+b+2ab

1)(b 1)
= (a
= 1.
(1+a)(1+b) and
p
2
2
3+2ab+ 8+4a +12ab+b
is always higher than
1+2a+b+2ab

and cuts the horizontal axis at

This

one.
means that the second asymptote =
Then since by de…nition
1
we
don’
t
need
to
know
what
happens
on
the
last
interval
p
8+4a2 +12ab+b2
of existence (i.e. 2 [ 3+2ab+1+2a+b+2ab
; +1)). To conclude if > 2 1 then b can
be bell-shaped 8 2 [0;p
1] and reaches a maximum (that can be smaller than one) denoted
b max

at

=

a(b2 1)+2 (1+ab)(1 b2 )
.
(1+b)(2+a+ab)
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