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Abstract

This paper explores the interplay between commodities’ transportation costs and workers’ com-
muting costs within a general equilibrium framework a la Dixit—Stiglitz. Workers are mobile and
choose a region where to work as well as an intraurban location where to live. We show that a more
integrated economy need not be more agglomerated. Instead, low transportation costs lead to the
dispersion of economic activities. This is because workers are able to alleviate the burden of urban
costs by being dispersed, while retaining a good access to all varieties. By contrast, low commuting
costs foster the agglomeration of economic activities.
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1. Introduction

Ever since the pioneering work of Krugman [9], the core-periphery model has been
criticized because it does not fit well contemporary space-economies. First, nowadays, the
main dispersion force seems to lie in the existenceirbfan costs defined as the sum
of housing and commuting costs, borne by workers living in large agglomerations, and
not in the agricultural sector whose share in employment and expenditure has sharply de-
creased in most industrialized countries. Second, Krugman’s model fails to recognize that
economic agglomerations typically generate higher costs to be paid by residents when the
population size rises. Yet, such costs are unavoidable once agglomeration takes the form
of a city.

In this perspective, two papers are worth mentioning. Firstly, Tabuchi [15] may be
viewed as an attempt to unify urban economics a la Alonso [1] and new economic ge-
ography. Indeed, his model allows for the interplay between commuting costs and trans-
portation costs in a spatial economy. Unfortunately, however, his analysis has a significant
shortcoming: analytical results are available only for the two extreme cases of zero and
infinite transportation costs. Independently, Helpman [7] has introduced a housing market
into an economic geography model in which all workers are mobile. However, cities have
no spatial extension in his setting because Helpman abstracts from commuting costs. In
addition, his treatment of the model is purely numerical.

The aim of this paper is to propose a simple model of economic geography integrat-
ing both transportation and commuting costs when labor is homogeneous and mobile. As
usual, the agglomeration force finds its origin in the need to reduce transportation costs of
manufactured goods, but the main dispersion forces now stem from land consumption and
the resulting need for workers to commute. While retaining the general equilibrium frame-
work of monopolistic competition a la Dixit—Stiglitz [4], we introduce iceberg commuting
costs, as in Krugman and Livas Elizondo [10] or Duranton and Puga [5], together with
the standard iceberg transportation costs of economic geogtapty.use of the same
modeling strategy for both types of spatial costs presents several advantages.

In this respect, the following results stand out. First, unlike Krugman [9], agglomera-
tion is a stable equilibrium when transportation costs are large but dispersion prevails when
they are low. Second, agglomeration is always a stable equilibrium once commuting costs
are sufficiently low. Third, whereas there always exists a sustain point (i.e. a level of trans-
portation costs above which agglomeration is a stable equilibrium), a break point (i.e. a
level of transportation costs above which dispersion is unstable) may not exist. Fourth, we
work with a Dixit—Stiglitz iceberg model that is “almost” analytically solvable by means of
paper and pencil. In particular, we are able to determine the exact analytical expressions for
both the break and sustain points, thus making their comparison easier. Interestingly, we
may go one step further by determining the break and sustain points in terms of commuting
costs, which are the counterpart of the standard break and sustain points. However, a com-
plete characterization of the set of equilibria is out of reach. Last, we uncover a new effect:

1 Note that Tabuchi and Thisse [16] develop a similar approach using a completely different modeling strategy:
the profit-maximizing price varies with the mass of competing firms, but there is no income effect in consumer
demand (see Ottaviano et al. [12]).
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because workers save time on commuting when there is dispersion, more labor is available
for production, thus implying a larger total mass of varieties at the symmetric equilibrium
than when agglomeration prevails. This new dispersion force captures (although indirectly)
the well-known idea that the formation of large agglomerations takes resources away from
private consumption because of the construction of major urban infrastructures.

Our results thus suggest thetmore integrated economy need not be more agglomer-
ated Quite the opposite: we show that low transportation costs lead to the dispersion of
economic activities because this allows workers to alleviate the burden of urban costs. In
accord with what economic historians have observed (see, e.g. Bairoch [3]; Hohenberg and
Lees [8]), the agglomeration is more likely to arise when commuting costs within cities get
smaller and smaller. In this respect, it is worth noting that if the process of globalization
affects the shipping costs of commaodities, it has no direct impact on workers’ commuting
costs. Globalization need not, therefore, lead to a more polarized economic space. Instead,
it might well favor a more dispersed space-economy.

The model is introduced in Section 2. The properties of the spatial equilibrium are
derived in Section 3, whereas Section 4 concludes.

2. Themode
2.1. The spatial economy

Consider an economy involving two regions (labeleg 1, 2), one industrial sector
producing a differentiated product by using labor as its sole input, and two goods (the
differentiated product and land). The economy is endowed with a unit mass of identical
and mobile workers, as well as with a large amount of land in each region. Each worker
owns one unit of labor. Let denote the fraction of workers residing in region 1 so that the
mass of workers in regions 1 and 2 is respectively givelh by= A andL, =1 — 1.2

The welfare of a worker depends on her consumption of the two goods. The first good is
supplied as a continuum of varieties of a horizontally differentiated good, produced under
monopolistic competition and increasing returns. Any variety of this good can be shipped
from one region to the other according to an iceberg transportation techndlogyl
units of the variety must be sent from the origin for one unit to arrive at destin&titimjs
accounts for all the impediments to trade.

The second good is land and is perfectly immobile. Each region is formed by a city
spread along a one-dimensional spaceThe amount of land available at each location
x € X is equal to one. All firms located in regionare set up at the Central Business
District (in short CBD) situated at the origin= 0 of X .

Each worker consumes one unit of land, supplies one unit of labor, and commutes to the
CBD. Hence, in equilibrium, workers are equally distributed around the CBD of region
whose urban landscape is therefore giveri-by., /2, L,/2]. We assume that commuting

2 1t would be easy to expand our setting by allowing either a fraction of the labor force to be immobile or the
workers to be heterogeneous in their perception of urban features, for each region to retain a minimum positive
population size.
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costs have the nature of an iceberg, thus implying that the effective labor supply by a
worker living at a distancéx| from the CBD is given by
s(x)=1—20|x]| x€e[-L,/2,L,/2]

wheref > 0 captures the efficiency loss due to commuting. &) to be positive regard-
less of the spatial distribution of workers, we assuime 1 throughout the paper. As a
result, the total effective labor supply in regisiis given by

L./2
S, = / s(x)dx =L,(1—6L,/2). (1)
—L,/2
We normalize the land rent at both city edges at zero. Than, Btands for the wage
rate paid to the workers by the firms at the CBD of regiotthe wage net of commuting
costs earned by a worker residing at either edge is such that:
s(=L,/2w, =s(L;/2)w, =(1—06L,)w,.

Because workers are identical, the wage net of both commuting costs and land rent must
be equal across all locations. Thus, it must be t@yw, — R, (x) = s(—L, /2w, =
s(L,/2)w, whereR,(x) is the land rent prevailing in region at a distancéx| < L, /2
from its CBD. Then, for a given distribution of workers across regions, the equilibrium
land rent in regionr is given by
Rf(x)=06(L, — 2|x|)w,.
The aggregate land rent in regiens then equal to
L./2
ALR, = f R¥(x)dx =0 L%w, /2.
—L;/2

It remains to describe how this aggregate land rent is distributed. We consider each
region as an independent jurisdiction that owns the land of its region only. This is a reason-
able assumption as long as there exists no “global government.” As a result, each worker
living in regionr owns an equal share of land in her region of residence. Accordingly, in
addition to her wage, each worker receives an incame, /L, = 6 L, w, /2 from her land
ownership

2.2. Consumption

Regarding the consumption of the differentiated good, each worker in regiosxi-
mizes a CES-utility function given by

g—1 o-1 1
Ur:|:/.crr(i) o di + / crs(i) @ dl]

i€Z, i€

3 Tabuchi [15] assumes absentee landlords, whereas there is global land ownership in Helpman [7].
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subject to the budget constraint

/ pr(c,r (i) di + / ps(DTers()di =(1—60L)w, +60L,w, /2
i€, i€l
=A-6L:/2w,

whereZ, is the set of varieties produced in regiarThen, her consumption for each variety
is

crr() = pr ()7 P71 = 0L, /2wy,

crs (i) = ps () T P? Y1~ 0L, /2wy,
where the price index in regionis given by

1

-0
P, =[ f pr()Y O di + / ps()oTie di] .
iEI,— iEIs
It is then readily verified that her indirect utility is as follows:

1-6L,/2w,
_ Q=0L /2w, P/ W 2)

Workers are attracted by the region that yields the higher utility level so that their mo-
bility may be described by the following adjustment process:

L=V, - V)L,

v,

whereV = Vi L1 + V»Ly. Clearly, migrations stop onde. = 0 in one region.
2.3. Production

The labor input requirement for producing units of varietyi is given by
L) = F + vy, (i)
whereF andv stand for the fixed and marginal labor inputs, respectively. Given the above
consumer demand, each firm maximizes its profit
7)) = pr(@)yr () — wy [F 4 vy, ()]
wherey, (i) is given by
yr (i) =c¢rr ()L, + Tegr (i) Ly.

It is well known that firmi’s profit-maximizing price has the following form:

ov

-1

Recalling thatv stands for the number of labor units needed to produce one unit of the

differentiated product, without loss of generality we may then choose the unit of this good
for v to satisfy the conditiomv/(c — 1) =1, so thatp; (i) = w,.

wy.

MOES
o
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Finally, the zero-profit condition yields; (i) = o F. In what follows, we choose the
unit of labor such that F = 1 so that the profit-maximizing output of a firm becomes
y¥(i) = 1. It then follows from our two normalization rules that

1 o-1

* e 1
Fi)=—+v=—+ =1
o o

o

3. Thespatial equilibrium
3.1. Preliminary results

Let N, be the mass of firms located in regionThe labor market equilibrium condition
in regionr is given by

Ny
f [3@)di =S, 3)
0

so thatV, = S,. Then, we have the following relationship between the total mass of vari-
eties and the spatial distribution of workers.

Proposition 1. The more symmetric the spatial distribution of workers, the larger the total
mass of varieties in the economy.

Proof. Differentiating the total mass of varieties with respect tove have
d(N1+ N2)  9(S1+ 52)

=0(1—2%),
N R
92(N1 + N- 92(S1+ S
N1+ N2) _0"atS2) )
A2 a2

Thus, the total mass of varieties is maximized.at 1/2 and declines as increases or
decreases from=1/2. O

Intuitively, when the economy is dispersed, commuting costs are lower, thus implying
that more labor is available for the industrial sector. The fact that the total mass of varieties
varies with the spatial distribution of workers makes our model more general than the
existing ones in which the total number of varieties is constant regardless of the spatial
distribution of firms? More precisely, Proposition 1 shows tragglomeration generates
two types of costs for the workers: higher urban costs as well as a narrower range of
varieties It is worth stressing that this result is obtained in the absence of any technological
externality.

4 In a special, but analytically solvable, version of the economic geography model with vertical linkages, Ot-
taviano and Robert-Nicoud [13] show that the total mass of varieties is larger at the core-periphery equilibrium
than at the symmetric equilibrium.
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The market clearing conditions for the differentiated product are as follows:

c11()) L1+ Tca1()) L2 =1,
Tc12(i) L1+ c22(i) L2 =1

These equations yield the two wage equations:

wg = PY71S1wy 4 717 PY LSy,
wg =r1t° Pf_1S1w1 + Pg_lSsz,

where the price indices can be rewritten as

1

o
’

PL=[S1w1™ + So(wpT) 7]

—
1
Po = [S1(w1T)™7 + Sowy 7] %7

As in Murata [11], for any given, henceS; andS», the above four equations can be shown

to have a unique solution fqPy, P2, w1, wa}.
3.2. The interplay between transportation and commuting costs

In this model, urban costs act as a dispersion force through workers’ income, whereas
transportation costs generate an agglomeration force through the price index. The argument
involves three steps.

First, letw = w1/wy ande = S1/(S1 + S2). For any given value of, w is implicitly
determined from either of the two wage equations by means of the following expression:

1
wl=20 _l-oTl-0 "
1—@w—°T1l-—0o

Murata [11] shows that is strictly increasing inv over the interval for whiclz € (0, 1),
so that there exists an inverse functiote), which is also strictly increasing.
Second, we determine the relative utility across regions:
Vold,e(W), w(e(M)]  1—0(1—21)/2w2/P>
Vilh, e, 0(e(M))]  1—041/2 wi/Py
1

_1-9d-h/z [sm +(1- S(K))Tl_“w(s(k))"_l}m

&

14

1-61/2 eMwEA)oTl-0 L (1—e))
Uun T
where
) S1(L) A2 —061)

"SI0+ 8200 2— 0[R2+ (1— )2
is viewed as a function of, which is such that
de(A)
oA

> 0.
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Clearly, 2/ ()) integrates the impact of urban costs @n@.) that of transportation costs.
Note that the value of (1) depends on the mass of varieties produced in each region. As
shown by (1) and (3)N, depends itself oi§,, which in turn depends on the valueéf
Last, because (¢) is strictly increasing i ande (1) strictly increasing irk, it is readily
verified that:
diA () d7 (n)
a an
Since7 = (wy/P2)/(w1/P1), a decrease il means that region 1 becomes relatively
more attractive. Therefore, the two foregoing inequalities imply shase in the popula-
tion of regionl strengthens both the dispersion force—associated with urban costs—and
the agglomeration force—generated by transportation c@stsexpected, the equilibrium
share of workers located in region 1 is the outcome of these two opposite forces.

0.

3.3. Symmetry

To start with, we focus on the symmetric configuratioa- 1/2. Clearly, this configu-
ration is always a spatial equilibrium. To study its stability, we derive the elasticity of the
indirect utility in one region with respect to the number of workers in that region. Totally
differentiatingV, and evaluating the resulting expression. at 1/2, we obtain

av,  6L,/2 dL, dw, dP,

=" — =12 4

v,  1-6L,/2L, " w, P (4)
Let

1-T71°
Then, the wage equations imply
d dp, ds,
(g—1> » = - + r=12 (6)
4 Wr [3=1/2 Pr iz Sk =12

Similarly, totally differentiating the price indices yields

1- dp d d
( ") s —(1-0) + B r=12 @)
Z ) Prly=1p2 Wr =12 Sr =12
Solving (6) and (7) for &, /w, and dP,/P,, we get
d, | ___z 4y 12 ®
Wy r=1/2 U(Z + 1) —Z Sr A=1/2
e ik ds r=12 ©)
PV )L:l/z (G — 1)[0(2 + 1) — Z] Sr )\:1/2 T
where
as, _ 1-0L, di, ., (10)
S, 1-60L,/2 L,
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from (1). Inserting (8), (9), and (10) into (4), we have the elasticity of the indirect utility at
r=1/2:
L, dv,
V, dL,

_4-%{ (20 —1)Z 0 }

(c—-De(Z+1)—2Z] 22-6) (1)

mte 40

This expression will allow us to prove the following property.

Proposition 2. The symmetric equilibrium is stable if and only if

22 2o —-1)Z 60 re)
= < = .
(c-Dc(Z+DH—-Z] 22-0)
Proof. It follows immediately from (11) that
L, dV, 0 2o —-1)Z 0 .
— < < < .
Vi dLy |,21)2 (c—D[e(Z+1)—-Z] 22-0)

Noting thata$2(Z)/9Z > 0,0Z/3T > 0 andal"(9)/36 > 0, we are able to derive the
analytical expression for the break point in terms of transportation costs, call€editteak
point, at which the symmetric equilibrium becomes unstable.

4

Proposition 3. If & € (0, min{_+5,

1}), then there exists a uniqueé-break point given by

1
Th — { (20 = D[1—-(c -DHI' V)] } T )

(20 — 1)+ (6 — I (H)

and the symmetric configuration is a stable equilibrium if and only i T%. However,
there exists nd -break point and the symmetric equilibrium is always stable regardless of
transportation costs if and only if > 3andé € [-2, 1).

U_+1s
Proof. We knowd$2(Z)/9Z > 0 andZ € (0, 1). This implies$2(Z) < (0, ﬁ). Thus, if
r®) e (0, U—fl) or, equivalently a® < 1, if 6 € (O, min{giﬂ, 1}), we have a unique value
of Z that satisfies
L, dv,
V, dL,

~0 (13)
A=1/2

(or 2(Z) = I'(¥)). SincedZ/aT > 0, there exists a unique value df denoted byr'?,

such that (13) holds. Solving (13) fét, we have the desired expression1dr. In addition,
T < T? implies

L, dV,

or 0
v, dL, =

A=1/2

so that the symmetric configuration is stable; and vice versa.
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If o >3 andd € [;;. 1), we have

L, dV,

— <0
Ve dLy |,21/2

for all transportation cost® € (1, o). In this case, there exists rfo-break point so that
the symmetric configuration is always a stable equilibriurm

When varieties are fairly close substitutes= 3), the benefit of a better access to all
varieties is small. Hence, when commuting costs are sufficiently l&ge4/(c + 1)),
the symmetric configuration is always stable, unlike what we observe in the standard
core-periphery model. By contrast, when one of these two conditions does not hold, the
symmetric configuration may become unstable. Indeed, despite the fact that the whole
range of varieties in the economy shrinks when workers are agglomerated (Proposition 1),
they benefit from the access to a wider array of local varieties. When transportation costs
are high " > T?), the net benefit of having all varieties locally produced is sufficiently
large to outweigh the higher urban costs that workers must bear by being agglomerated.
As shown by Proposition 3, this is so if varieties are sufficiently differentiated 8), or
if commuting costs are sufficiently lowd (< 4/(o + 1)), or both.

Alternatively, we can derive the break point in terms of commuting costs, which we call
the6-break point.

Proposition 4. If o > 3, or if botho < 3and

1
- 20 —1)(3— T
rer=[E DN o),
then there exists a uniguebreak point given by
b 420 —1)Z

- (02420 —1)Z+o0(c —1) (14)

and the symmetric configuration is a stable equilibrium if and onyH6?. If botho < 3
andT > T, there exists né-break point and the symmetric equilibrium is always unstable
regardless of commuting costs.

Proof. Solving

L, dV,
V. dL,

A=1/2

(or 2(Z) = I"()) for 6, we get the foregoing expression #t. Sinced? is increasing in
Z andZ € (0, 1), it follows that6” belongs to(0, 747). If o > 3, thens” < 1 regardless
of the value ofT'. Because
L, dv,
V, dL,

<0
A=1/2

whené > #”, the symmetric configuration is stable; and vice versa.
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By contrast, whemr < 3, there exists a single value

— oo —1)

Z=—5———€(0,1

02460 —3° ©.1]

such that?” < 1 if and only if Z < Z. Using (5) then yields the upper bouffton 7.
Hence, there is n6-break point if and only iff > T. Finally, wheno < 3 andT < T, it

is readily verified that thé-break point is unique and given B <1. O

Note that (14) is the reciprocal relationship of (12). In addition, at the border value
o = 3,the domairiaiﬂ, 1) is empty wherea¥ goes to infinity. Accordingly, Proposition 4
may be viewed as the counterpart of Proposition 3 in terms of commuting costs.

3.4. Agglomeration

We now come to the case of an agglomeratioa=(1). Then, the price indices yield the
relationship

P,=TP.

Similarly, from the wage equations, we have
w2 = TlTT” w1.
These two relationships imply that the ratio of indirect utilities is given by
V. 1-20
220 = _ (15)
V]_ =1 1 - 9/2
Using this relationship, the sustainability of agglomeration as a spatial equilibrium can be
obtained under the following conditions.

Proposition 5. Agglomeration is a spatial equilibrium if and only#f > (1 —6/2) =
Proof. From (15), we have
V2

2l <1 &= T>1-6/2T%. 0O
Vl)»:l

The analytical expression of tHe-sustain point may then be obtained as follows.

Proposition 6. The T-sustain point is given by

TS =(1-0/2)T% (16)

and agglomeration is a stable equilibrium if and onlyfif> 7.

Proof. Because
Vo

< =1
Viliza
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must hold at th -sustain point, we obtain the desired expression.

This proposition confirms the numerical simulations provided by Helpman [7]. In fact,
our result is even stronger than Helpman'’s because the array of varieties available in the
agglomeration is narrower than what it is under dispersion. Our result can be understood
as follows. Workers are willing to bear the high urban costs associated with their agglom-
eration within a single city as well as the consumption of a narrower range of varieties
because buying varieties from the other region is very expensive.

In the same vein, the-sustain point is derived below.

Proposition 7. If T € (1, 225—1), then there exists a unig@esustain point given by

0 =2(1-T"7") (17)
and agglomeration is a stable equilibrium if and onlyitc 6°. If T € [2#—1, 00), then
agglomeration is sustainable for all commuting costs.

Proof. Solving Vo/ V1 =1 for 6, we get the foregoing expression. Becad$anust be
smaller than 1, we get the second part of the claim.

Note that (17) is the reciprocal of (16) so that Proposition 7 is the reciprocal of Propo-
sition 6 in terms of commuting costs.

3.5. Break point versus sustain point

As in Fuijita et al. [6], the sustain point does not coincide with the break point in our
model. It is, therefore, worthwhile to examine the relative magnitude of these Boints.

Proposition 8. Assume that & -break point exists. Then, tHe-sustain point is smaller
than theT -break point.

Proof. Consider the ratio of th&-sustain and’-break points. Taking the limit of this ratio
whené tends to zero, we have

s

6—+0T

We now show that the ratio decreasespadgses from 0. Differentiating the ratio with
respect t@ yields

sg i z =sgn® @, o)
9O\ TP

5 Note that Robert-Nicoud [14] analyzes the relative magnitude of these two points for a family of economic
geography models. Unfortunately, our model does not belong to this family, thus implying that we cannot use his
results.
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where ®(0,0) = —802 + (6 + 1)(30 — 1)6. We know thatd must be lower than
min{4/(c + 1), 1} for a T-break point to exist. Clearlyp (9, o) is increasing . Be-
cause bothp (-4, 0) = —4(20 — 1)(c — 1) <0 and®(1,0) = =502 + 20 — 1 < 0,
it must be that® (9, 0) < 0 for all & < min{4/(c + 1),1}. Thus, T*/T? < 1 for all
0 € (0,min{4/(c +1),1}). O

Proposition 9. When they exist, the-sustain point is larger than th@-break point.

Proof. Assume thatr < 3 or thato > 3 andf € (0,4/(c + 1)). Then, for any admis-
sible 8, there exists a break point in terms of transportation costs. In turn, Proposition 8
implies thatT? > T* for any admissibl@. From Propositions 4 and 7, it follows thaft
andé* are increasing iff’. By constructiong? is the reciprocal of (12), whereas is the
reciprocal of (16). Consequently, it must be that- 6 for any 7. Indeedp* < 6% would
imply 7% < T for some9, thus contradicting Proposition 8.

Consider now the case whese> 3 andd € [4/(c + 1), 1). The curve (14) is always
strictly below the horizontal line &, whereas the curve (17) intersects this line once
becausd™® always exists and is unique. Hence, it must be #at 0” foranyT. O

The foregoing results are somewhat reminiscent of those derived in standard models of
economic geography. However, there are major and striking differences. First, in accord
with Helpman'’s [7] simulationsagglomeration is a stable equilibrium when transporta-
tion costs are sufficiently largélowever, as in Anas [2], a steady decrease in transportation
costs always leads to the dispersion of the industry. Seegulipmeration is always a sta-
ble equilibrium once commuting costs are low enauglrthermore, once transportation
costs take low values, agglomeration necessarily arises provided that commuting costs are
themselves sufficiently low. Note also that agglomeration may even arise under intermedi-
ate or large commuting costs when transportation costs are sufficiently large.

Third, whereas there always exist§ asustain point, & -break point may not exist in
our model. In Fig. 1a, drawn far < 3, aT-break point exists because the cudf&T),
given by the function (14), intersects once the horizontal liné at1. By contrast, in
Fig. 1b drawn foro > 3, this curve has a horizontal asymptotedat 4/(c + 1) < 1.
Hence, it does not intersect the horizontal linedat 1, implying that there exists no
T-break point as long as/4o + 1) < 0 < 1. Consider now the curw (T) defined by the
function (17). In both figures, this curve intersects the horizontal link-atl, so that a
T-sustain point always exists. More surprisingly maybe, the existence® dfraak point
and of af-sustain point is not guaranteed. Hence, the relationship between transportation
costs and commuting costs is not necessarily one-to-one over the d@méins (1, oo) x
(0, 1).

Last, unlike Fujita et al. [6] and others, we have been able to déréaexplicit analytical
expressions for both the T-break and T-sustain poMtge that we can also determine the
0-break and-sustain points (when they exist). This will allow us to describe below the
interplay between these two types of costs in the formation of the space-economy.

Observe that agglomeration is sustainable in the region belg®), whereas disper-
sion is a stable equilibrium in the region aba¥/&T). As a result, in the region situated
between the two curves, there exist at least three stable equilibria. Unfortunately, as men-



150 Y. Murata, J.-F. Thisse / Journal of Urban Economics 58 (2005) 137-155

. : 1
1 25T [7@0;[(3-0)] — T

@

1 2351 T
(b)
Fig. 1. Break and sustain points. A: Agglomeration is a stable equilibrium, D: Dispersion is a stable equilibrium.

(a) T-break, T-sustaing-break, and?-sustain pointgo < 3). (b) T-break,T-sustaing-break, and-sustain
points(o > 3).
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tioned in the introduction, we have not been able to provide a full characterization of the
set of equilibria. This is why, in the next section, we appeal to numerical solutions.

3.6. The set of equilibria: numerical examples

The market outcome is driven by three main parameters:

(i) the commuting cosf > 0,
(i) the elasticity of substitution between differentiated goeds; 1, and
(iii) the transportation costg, > 1.

In order to illustrate the role of the four points discussed in the foregoing, we impose the
restrictions < 3, which implies thab may take any value i0, 1).

Figure 2 is depicted fof = 0.200 ando = 2.5 so that7* = 1.068 andT” = 1.074.
Transportation costs take three possible valdes: 1.090, T = 1.072 (which will be
selected in the next experiment on commuting costs) Brd 1.050. In the first case
(Fig. 2a), there are three equilibria, but dispersion is unstable while full agglomeration
within a single city is the only stable equilibrium &sis larger thanT’”. In the second
(Fig. 2b), there exist five equilibria: the two (mirror) equilibria involving partial agglom-
eration in two cities of unequal size are unstable, whereas the other three equilibria, corre-
sponding to dispersion or full agglomeration, are stable because the valueedéngs to
[T*, T"]. In the last case (Fig. 2c), the only equilibrium involves two cities of equal size
and is stableT being smaller tharT*. Such a pattern concurs with what Krugman [9]
have obtained in the core-periphery model, except tthatsequence of configurations is
reversed

In Krugman [9], the only cost generated by the formation of an agglomeration is related
to the provision of the manufactured goods to the—by assumption—immobile farmers re-
siding in the periphery. Here, agglomerating firms give rise to specific costs, i.e. higher
urban costs and a narrower range of varieties, which workers are willing to bear provided
that shipping the manufactured goods between regions is expensive. Hence, when trans-
portation costs are low, workers are better off by being dispersed. Accordingly, we may
conclude that the interplay of agglomeration and dispersion forces changes with the nature
of the forces at work.

Figure 3 is depicted fof = 1.072 (which has been chosen above) and 2.5 so that
6% = 0.189 and¢* = 0.205. Commuting costs are allowed to take the following values:

6 = 0.220,6 = 0.200 (which has also been selected in the foregoing experiment) and
0 = 0.180. In the first case (Fig. 3a), the only stable equilibrium involves two cities of
equal size. In the second (Fig. 3b), there exist five equilibria in which dispersion and full
agglomeration are the only ones that are stable as lofihatongs td6?, 6°]. In the last

case (Fig. 3c), full agglomeration is the only stable equilibrium. Again, a pattern similar
to the one derived in the core-periphery model emerges. However, the role of the two
spatial costs is reverseliiw commuting costs instead of high transportation costs foster
agglomeration, and vice versa
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Fig. 2. Real wage differential® = 0.200 ands = 2.5). (a) Real wage differential fdf = 1.090. (b) Real wage
differential for7 = 1.072. (c) Real wage differential faf = 1.050.
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Fig. 3. Real wage differential® (= 1.072 ando = 2.5). (a) Real wage differential far = 0.220. (b) Real wage
differential for@ = 0.200. (c) Real wage differential fér= 0.180.
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4. Concluding remarks

This paper has provided a simple and unified treatment of the interactions between
the transportation costs of goods and the commuting costs borne by workers. This is best
shown by comparing the values of workers’ welfare reached at each of the two equilibrium
configurations. Indeed, we have

14710\ 71
)

where the superscript (resp. D) stands for agglomeration (resp. dispersion). Conse-
quently, by being agglomerated, workers save on the transportation costs of the differ-
entiated product, but have access to a narrower range of varieties. By contrast, by being
dispersed, workers have access to a broader range of varieties, but must then bear the cost
of shipping the varieties produced in the other city. The equilibrium outcome shows how
the market solves this trade-off.

Using a Dixit—Stiglitz iceberg framework, we have also been able to determine the four
threshold values corresponding to the break and sustain points, and to uncover the relation-
ships between them. Our analysis makes it clear that what really matters for the structure of
the space-economy is not just the level of economic integratiorthbunterplay between
transportation costs and urban costs

It is worth noting that our model has proven to be easy to handle, while retaining most
general equilibrium effects. This suggests that it can be used as a building-block in a
more general setting, such as growth models with infinitely-lived consumers or overlap-
ping generations. This, in turn, should permit the study of the long-run impact of urban
and transportation costs on the structure, size and number of cities in a dynamic context.

VA= (v v (v
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