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In this paper we attempt to explain the formation of citres in a context of
metropolitan areas wn which farmers do not play any role and where con-
gestion costs appear as an important factor for the spatwal configuration of
citres. To do this, we first discuss the different effects that considering far-
mers and congestion costs as centrifugal forces have on the results. Central
to the discussion is the notion of complementarity mn the location decisions
of firms. Second, we analyze the effects of different government policies on
metropolitan areas. Some results about a central government affecting spatial
configuration of cities are presented.
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1. Introduction

Concentration of population in cities appears as one of the most im-
portant features of modern civilization. As observed by Bairoch (3,
p. 213): “For where the urban way of life had for thousands of years
been the exception, it now became the rule. Today in most developed
countries more than two of every three persons live in cities. What
is more, half of these city dwellers live in large urban agglomerations
with populations in excess of 500,000”.

Why are individuals concentrated in cities? In the last few years, some
papers have tried to explain this fact through formal microeconomic
models where cities emerge from the interactions between individuals,
see Krugman (1991, 1992) among others. In these models, agglome-
ration emerges from three sources: the existence of economies of scale
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at firm level, transport costs, and the mobility of the industrial labor
force. Increasing returns to scale imply that the production of each
good will take place in a single location. On the other hand, the exis-
tence of transport costs means that the best locations for a firm will be
those with easy access to markets, and the best locations for workers,
those with easy access to goods. Thus, concentration is the result of
a self-reinforcing process of agglomeration. In these models, however,
not all the factors are mobile. In particular, farmers are immobile and
are the centrifugal force that limits agglomeration.

Nowadays, however, farmers by their sheer number, seem not to be
the force halting the growth of cities. Much more compelling is the
fact that large cities suffer from urban traffic problems, pollution and
high housing prices that make small cities relatively more attractive
places to live in. In this sense, Arnott and Small (1994) present figures
about the cost of traffic congestion in metropolitan areas in the USA:
on average, drivers are willing to pay about $8.00 to save one hour
of travel time, without taking into account extra fuel, accidents or air
pollution. Moreover, the annual cost of driving delays is about $640
per driver.

In this paper we attempt to explain the formation of cities in a con-
text of metropolitan areas in which farmers do not seem to affect the
spatial configuration of cities and where congestion costs appear as
an important factor for the spatial configuration of cities. Congestion
costs may include not only intra-urban transportation, but also land
rent and environmental problems. For these reasons, our model is si-
milar to that of Krugman (1991) since it keeps the same centripetal
forces, but it departs from it in the centrifugal forces, which in our mo-

del come from the congestion costs experienced by individuals living
in the same city.!

The aim of this paper is to analyze the effects of different government
policies on metropolitan areas. In particular, congestion and transport
parameters are the result of government activity. By changing the
amount of resources invested in these sectors, the government may
affect the spatial configuration of cities. By congestion infrastructure
we mean all those improvements that the government may undertake
to make life in cities more attractive: urban buses, underground, car
parks, gardens, etc.

"Recently, Brakman et al. (1996) have considered another type of congestion costs:
the negative externalities that come from industrial concentration.
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The paradigm of monopolistic competition we use has been largely ap-
plied to explain agglomeration since Krugman’s (1991) seminal work.
Since then most papers have considered farmers as the immobile de-
mand that limits agglomeration. To what extent do their results rest
on the consideration of this centrifugal force? How do they chan-
ge when we consider another centrifugal force? Both kinds of forces,
congestion costs and immobile demand, have different effects on con-
centration. Congestion costs break agglomeration in such a way that,
if a large city suffers high congestion costs, a new small city will ap-
pear nearby. This is a local centrifugal force, which is more important
in a context of metropolitan areas. Immobile demand, however, is a
global centrifugal force that produces dispersion when it is profitable
for some firms to move to a distant immobile market. Since both cen-
trifugal forces are so different, it is worth comparing their effects in the
same model in order to see how they can differ, particularly if we are
interested in political recommendations. As will be shown, transport
improvements may have reverse effects on concentration by conside-
ring congestion costs rather than farmers. Central to the discussion
is the notion of complementarity in the location decisions of firms, as
stressed by Matsuyama (1995).

Contrary to Martin and Rogers (1995), we determine the investments
in congestion and transportation endogenously, which allow us to em-
phasize both the importance that the efficiency of these infrastructures’
technologies have on the results, and the fact that individuals have to
pay for these improvements. Moreover, since we focus on the spatial
configuration of metropolitan areas instead of on international indus-
trial location patterns, our assumption of congestion costs rather than
farmers seems more appropiate. As we show, by using congestion costs
Martin and Rogers’ policy recommendations are substantially modi-
fied. Some results on the importance of the timing of these investments
are presented.

This paper is organized as follows: in Section 2, we introduce the
assumptions of the model and analyze the short and long-run equi-
librium, as well as the stability; in Section 3, we discuss the welfare
implications derived from investments in transportation and conges-
tion infrastructures, finally, Section 4 concludes.
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2. The basic model
2.1. Assumptions of the model

Consider a world consisting of J locations across which, in the long-
run, workers may move. We assume that total population is normali-
zed to 1, and denote by A, the share of population in location j. As
in Krugman (1992), we suppose that in the long run individuals move
toward locations with higher real wages, the law of motion being

L = oAy (0, ~5) (0> 0), i

where w; is the real wage in city j and @ = }°, \;w, is the average
real wage.

This economy has two sectors: manufactures and infrastructures. La-
bor is used by the two sectors and is perfectly mobile between them.
We assume, for simplicity, that both individuals who work in the in-
dustry sector (firm-workers), and those who work to improve infras-
tructures receive the same wage within each city.

Infrastructures

In this model, there are some costs due to the transportation of goods
between cities and due to the congestion costs experienced within ci-
ties. These costs take the usual iceberg form, that is, a proportion of
the good produced by a firm melts away. On the one hand, when a
unit is shipped from the city where that good is produced, j, to the
city where the consumer is, k, the amount that arrives is only e~ 7Ps*,
7 being the transport parameter, and D, the distance between cities
7 and k. On the other hand, inside every city there are some negative
elements such as urban transportation, land rent, or environmental
pollution, which make the larger cities places not so attractive to live
in. We include all these negative factors under the term congestion
costs. So when a unit of a good is produced in, or arrives at, city &,
any consumer living in that city can obtain only a proportion e~k e of
the good, 7y, being the parameter of congestion relative to city k3 We
can see that first the city size affects the loss due to agglomeration, and

*Differences in wages and 1 labor conditions between the two sectors are beyond
the scope of this paper.

¥We could treat intra-urban congestion in a more explicit way, such as land con-
sumption and/or traffic congestion mn cities. We could consider, for instance, cities
as long and narrow Workers, needful of land to live on, locate along a line at whose
central point production takes place. The commuting distance of the worker hving
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that second, every city may have a different congestion infrastructure
(7e)-

A characteristic of this model is that the parameters of congestion
and transport can be modified by changing the proportion of people
(government-workers) who work to improve the infrastructures, i.e., to
reduce the transport and congestion costs. The number of government-
workers is decided by a central government with unique ability to im-
prove infrastructures, maximizing the utility of a representative indivi-
dual of the economy. Let N, and N, be the proportion of people that
work to reduce the transport and congestion costs, respectively, for the
whole economy. In order to pay the wage of its workers, the govern-
ment charges an income tax, 7, in such a way that its revenues equal
its expenditures, namely, 3>, A, (7W;) = ¥, N. AW, + 3, NoA W),
where W, denotes the local wage rate This implies that 7 = N + N,.

We assume, for analytical convenience, that there is a proportion of
A, of these workers in every city j. The technologies of congestion
and transportation infrastructures have the following functional forms
respectively:

Y, = are N (g >0, 6, > 0), 2]
T o= age N (a3 >0, 6,>0), [3]

were a; and ag are the maximum values of congestion and transpor-
tation parameters respectively. Hence, the investments in congestion
in each city, A\;N,, depend on its population. Thus, the value of the
congestion parameter may change from one city to another if they ha-
ve different sizes. It is clear that the higher the amount of resources
invested in these sectors, the lower the values of these parameters.

Manufacturing

The industrial sector produces a large number of differentiated varie-
ties under increasing returns to scale, and firms are assumed to com-

on the outskirts of the city is offset by paying no land rents Conversely, the worker
living at the center does not incur commuting costs, but has to pay a land rent
equal to the commutmg costs of the former. Hence, the distance from the outskirts
of the town to the center gives us information about both commuting costs and
land rents (see Krugman and Livas Elizondo, 1996). If each worker consumes a
unit of land, distance and population are equivalent Therefore, we could use the
above congestion costs to mean both commuting and land rents. However, such
an extension would not substantially change the main conclusions of this paper.
Therefore, we take the simplest form of urban congestion.
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pete in a monopolistic regime of the Dixit and Stiglitz (1977) type.
Then, each firm produces a different good and its production takes
place in a single location. The number of firms in each city is endo-
genous, and denoted by n,. We assume that all goods are produced
with the same technology

LU =a + ﬂxm (05 > Oa /8 > O)a [4]

where L,, is the number of workers needed to produce z,;, units of
good i in city j. Hence, labor is the only factor of production, and
any variety ¢ in city j requires the same fixed (a) and variable (8z,,)
quantities of labor.

It follows that any industrial firm producing good ¢ in location j has
a cost function

Cuy(@y) = Wy(a + Byy), [5]
where W, is the local wage rate.

We denote by XJ the proportion of firm-workers in city j (with respect

to total population). We assume full employment in each city at any
time.

Preferences and endowments

Turning to the demand side, consumers in this economy are assumed
to share a CES utility function

v— (Zc“>_ 6

where ¢, is the consumption of good 4, and o > 1 is the elasticity of
substitution between any two goods. Which implies love-for-variety &
la Dixit-Stiglitz.

Each individual is endowed with 1 unit of labor that offers inelastically.

2.2. Short-run equilibrium

In this section, we assume that there is no labor (firm) mobility bet-
ween locations. We calculate the prices, the amounts of goods, the
number of firms and the wage rates in each city, for a given a distribu-

tion of population across cities. Congestion and transport parameters
are also fixed.
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Drawing on Starrett’s (1978) spatial impossibility theorem, Fujita
(1993) indicates that there are only two basic types of models which
can explain the endogenous formation of cities: non-price interaction
models and non-competitive models. The model discussed here, Dixit
and Stiglitz (1977)-type monopolistic competition, is included in the
last group.

Scale economies (due to the existence of fixed costs) in production im-
ply that every good is produced in only one location, so that different
cities have different goods. To determine the profit-maximizing beha-
vior of firms, it is important to stress the fact that there are two types
of demand: the demand of individuals living in the city where the go-
od is produced (domestic demand) and the demand from other cities
(export demand). The important point to note is that both demands
have the same price elasticity, o, so that transportation and congestion
costs (which make consumers in different cities pay different prices for
the same good) do not alter the behavior of firms. Then it can be
shown that the f.o.b. price charged by the firm that produces good 1
in city 7 is: ”

Py =W,8 [7]

o—1
We can see that this price (which is a constant mark-up over marginal

cost) only depends on the wage rate, W,, offered in city j. Therefore,
all goods produced in the same city have the same price.

Monopolistic competition implies that firms enter until profits are zero.
All this implies that

c—1
5

Since every firm produces the same quantity and has the same te-
chnology, the number of firms in city j, n,, will be proportional to
its population: n, = nA,;, n being the number of goods in the who-
le economy (this value can be obtained by dividing the number of

firm-workers in the economy by the number needed in each firm, i.e.,

— 1-m\ 4
n=o

Ty = o ) for every good ¢ and city j. 8]

In order to obtain the wage rate in city j, W,, we normalize the units
of goods such that p,, = W,; which means that § should equal ga—;ll

)'\_ -
*Actually, n, = S;,)‘_—kn = A\;n because A, = (1 —m)A,.
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Let us suppose that we have a numeraiwre good at j = 1. Therefore,
Wi=1.

We can prove that

b
W, = [En(e—(TDakﬂk)\k)Tk)d—l} , [9]
k
where .
B e
T, = [Z Ak<wkef%+%*ﬂ>1"’} 10
k
is a price index®at 7, and
Y, = (1= MW, 11)

is disposable income of city j.

In order to obtain this system of equations, we should begin by solving
the consumer’s problem

max (ZcfoT_l>m [12)

k K
s.t. szwcZ =m,
]

where c* is the consumption of good i by an individual of city &, pfj
is the c.i.f. price paid by this individual for a unit of good ¢ produced
in j, and m is the disposable income of this individual after paying
taxes. From the first order condition we have

p5°
k %'k

€ = —3o 2 (13]

pz]
®See Dixit-Stiglitz (1977). Notice that Wi is the f.o.b. price charged by a firm
located in city k. On the other hand, because of transport and congestion costs, a
proportion of the good disappears before it reaches the consumer. Hence, the c.a f
price paid by an individual of city 7 for 1 unit of the good produced in city k 1s
Wi,e™Pse+7:% - Therefore, T, can be interpreted as an average price faced by an
individual of city j. On the other hand, T} stands for the price of the agregate good
-

o—1

b §

og—1 o — B
>.,c.° ] , smce u—fﬂ;TJ[ N " s the expenditure of an individual of
city 5. Krugman (1991) calls it the true price index.
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Denoting total consumption of variety  in city k by C*, CF = Ak,
it follows that

k o
p2]/
o1
v
Disposable income of city k, given by equation [11], is used to pay for
goods consumed in this city, i.e.,

Y, =Y pfCF. [15]

)

PhCF = =L G5 [14]

k
Py

k o—1
Using expression [14], we can write Y = p§ ,C¥ [Em (p—zi> } . Re-

arranging, we have

l—0c
Y0k

p5Ch = [16]

pl—c?
3 TP,
where n, is the number of varieties produced in location 5.6

Consider now the total sales in city & of all goods produced in city 2,
namely,

Sgk = nngcg. [1 7]

By using the fact that the c.i.f. price paid by any individual of city
k for a unit of any good delivered from city j is p]e(TDJ’“"'Vk’\’“) and
taking into account that p, = W,, we have that revenues in city 2,
from selling all the goods manufactured there, are

S So = o 3 Vi (Waer Pkt tede 1)1 18
k k

where T} is the price index at k given by expression [10].

Since labor is the only factor of production, one way to write the
market clearing condition for workers at location 2 is that economy-
wide expenditure on the workers’ products must equal their income,
which means that”

ZSzk = (1 - 7T)W2)\2. [19]
k

SNote that from equation [7] we already knew that any variety in city 7 has the
same f.o b. price Therefore, we can write prices in terms of locations, instead of
doing it in terms of both varieties and locations. Hence, we can drop subscript 2.
We are identifying good 2 with any good produced in city 2
"Notice that in each city 7 there are (1 — 7)), firm-workers.
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From [18] and [19] it follows that the wage rate in city 2 is

=

Wy = ZYk(e_(TD2k+'Yk)‘k)Tk)a_l ) [20]
k

This proof could be repeated for a generic city j.

Therefore, for a given distribution of the population we can now cal-
culate the wage rate in each city.

2.3. Long-run equilibrium

We are now interested in knowing what happens in our economy if
workers can move between cities. In this section, we still assume that
transport and congestion parameters are given. The force that may
move workers from one place to another is the real wage, defined as the
ratio between the wage rate and the price index, namely w, = WJTj_l.
Using the dynamic process described above, we know that workers
move to cities with real wages above the average real wage and that
they move away from cities with real wages below average.

We define equilibrium as any distribution of the population between
different locations such that w, = @ for each j such that A, > 0 and
w; < & otherwise.

In what follows we will consider the case of only two cities, the distance
between them being normalized to 1. In this section we also assume
that both cities have the same congestion infrastructure ~.

Because of symmetry, it holds that A\ = Xy = % is always an equili-
brium, regardless of the values of the parameters. Conversely, concen-
tration in one city is not always an equilibrium, as we can see in the
following proposition.

PrOPOSITION 1. Concentration of population in one city is an equili-
brium if, and only if, congestion costs are sufficiently low with respect
20—-1

to transportation costs, namely, if, and only if, v < 7(22=).

PROOF: see Appendix Al.1.

What we obtain from this proposition is that congestion costs are the
centrifugal force that works against concentration. On the other hand,
transport cost represents the centripetal force that favors agglomera-
tion. In other words, when transport cost decreases, concentration is
more difficult. This is exactly the opposite to Krugman’s result. In
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Krugman (1991; 1992), concentration was more likely when transport
costs were low, because in that case firms did not increase their benefits
by moving closer to the dispersed farmers (who were immobile). But
in the context of metropolitan areas, however, our result seems more
appropiate, since the lower the transport cost between the two cities,
the higher the relative importance of the congestion costs that a large
city experiences. This implies that its citizens will be more interested
in moving to a smaller city nearby where congestion is lower.

Hence, the effect of the transport parameter on concentration does
depend on the kind of centrifugal force one considers. On the other
hand, as opposed to Krugman (1991; 1992), we also find that the core-
periphery pattern is more likely to occur when goods are sufficiently
substitute (o high). In this case, agglomeration emerges as an equili-
brium because competition between similar goods seems to be overco-
me by other effects. Which ones are these effects? Entry of a new firm
in the city benefits all firms existing there because it attracts more
costumers. This introduces, as Matsuyama (1995) suggests, comple-
mentarity in the locational decisions that leads to all firms clustering
in the same location. Furthermore, since the more substitute the goods
are, the more important this kind of complementarity is, we find that
concentration is more likely, the higher the value of ¢. If goods are
similar and there is no immobile demand elsewhere, an individual firm
cannot start production profitably in another location since the mar-
ket loss for a defecting firm becomes more important. This underlines
the fact that the market effect is more relevant than the competition
effect when there is no immobile demand.®

We are now interested in the local stability of equilibria. For this we
need to consider the law of motion that, in the case of two cities, takes
the following form:

d\1

prke oA (1= M)(wr —wg), p>0. [21]

Taking this into account, an equilibrium will be stable if when X;
slightly increases then wy > wy, and when Ay slightly falls then wy <

w1. In other words, when ﬂ“’é)\;l‘d?l <0.

If all labor force is concentrated in city 1 and w; > we (i.e., if con-
centration in city 1 is an equilibrium), then a negligible change in the

®In Brakman et al (1996) both farmers and congestion costs coexist and perhaps
this is why the effect of o on concentration/dispersion m their model is ambiguous.
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distribution of population (a decrease of A1) does not alter the inequa-
lity wy > wa, because of the continuity of the functions that define the
real wages. Hence, people will move to city 1 again. The same holds
for the symmetric case, where all labor force is concentrated in city 2
and w; < wo. In other words, if concentration is an equilibrium and
real wages in both cities are different, then this equilibrium is stable.

The next question is: When is an even distribution stable? We analyze
this in the following proposition.

PROPOSITION 2. By assuming that o > 2.5, a necessary condition to
warrant the stability of an even distribution is that

(-1
2

PROOF: see Appendix Al.2.

- eT<1—°>] +24 (0 - 190D + (0 =1)y—2>0. [22]

Therefore, an even distribution may emerge as a stable configuration
only if the transportation infrastructure between cities is good enough
(7 small) and the congestion infrastructure inside cities is not (vy large).

3. Comparison of stable equilibria. The role of the State

So far we have considered transport and congestion parameters as gi-
ven, and have examined the conditions under which concentration and
even distribution of the population between locations are stable equili-
bria.’ In this section, we endogenize these parameters. First, we show
that different investments in transport and congestion infrastructures
undertaken by the government, involve different spatial configurations
and, therefore, different welfare levels. Hence, in Figure 1 we can see
how investments in congestion and transport can affect the wage dif-
ferential curve, and therefore the long-run equilibria of the economy.™

We plot the real wage differential (w; — ws) against the labor force in
city 1 (A1) for different investments in infrastructures, in other words,
for different values of congestion and transportation parameters (by
Nt and Ng we mean N, and N,, respectively). Any point where
the wage differential is zero is an equilibrium. This equilibrium is
stable if the curve is downward-sloping and is unstable if it is upward-
sloping. There may also be corner equilibria: concentration in city

?As in Krugman (1992) these are the only stable equilibria in this model.
'*In this figure we assume that a1 = a2 = 1, §, = 6, = 5, and ¢ = 4. Therefore,
both mitial congestion and transport costs are high
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1 (2) when w; —ws > 0 (w; —wy < 0). Hence, the economy can
reach different long-run equilibria depending on the investments in
infrastructures undertaken by the government. The above figures show
that when investments in congestion (transportation) increases, then
the curve of wage differential turns counter-clockwise (clockwise), i.e.,
concentration is more (less) likely to occur.

FIGURE 1
Changes in transportation and congestion

Wage differential versus population
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Second, notice that different values of transport and congestion pa-
rameters and, therefore, different investments, can lead to the same
spatial configuration, even though not necessarily to the same welfare
level.ll Thus, we cannot compare concentration and even distribu-
tion of population without taking into account the investments that
can drive the economy to that particular spatial configuration. Hence,
between the government’s investments that make concentration to be
a stable equilibrium, we will single out only those that maximize the
utility of a representative individual (see Proposition 3 and 4). Li-
kewise for the case of an even distribution (see Proposition 5 and 6).
Afterwards, we will compare both spatial configurations, concentration
and even distribution, given their optimal investments in infrastruc-
tures under which these configurations are stable equilibria. Finally,
we will present some results on the importance of the timing of these
investments.

" The utility level an individual can reach depends both on the spatial configuration
and on the infrastructures.
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PRroPOSITION 3. The investment in congestion, N;‘, that maximizes
the utility function of each individual, when population is concentrated
in one city is zero if ﬁ > a1 and is positive otherWise.”Moreover,
in this latter case, the more similar goods are, the higher the optimal
investments in congestion the government should have to carry out.

PROOF: see Appendix Al.3.

This proposition means that only if the initial congestion costs of the
city (a1) are high enough or if technology is efficient enough (6, high)
the government should invest to improve congestion.

However, we are not interested in finding the values of investments
that maximize individuals’ utility in general, without constraints. We
are looking for those values that guarantee concentration to be a stable
equilibrium. Hence, we can reformulate the above proposition to con-
sider the optimal values under which concentration is an equilibrium
(stability is not a problem, as was discussed in Section 2).

PRrOPOSITION 4. If the initial value of the congestion parameter is
not too high as compared with that of transport, namely, if a1 < ag,
or if a; > az and % < %, then the value obtained in the pre-
vious proposition, N;" = N,’;, is the optimal investment in congestion
that guarantees concentration to be a stable equilibrium. Otherwi-
se, i.e., if the congestion parameter is high enough as compared with
that of transport, the government should have to carry out a larger
investment in congestion in order to maximize individuals’ utility, and
keep concentration as a stable equilibrium at the same time, namely,

21
N3’ = max{N}, -ln(2%r)}-

PROOF: see Appendix Al.4.

As we can see the government should take into account not only which
investments improve the utility level of individuals, given the spatial
distribution of population, but also how these investments may affect

the spatial pattern. Now, we repeat the above process for the case of
an even distribution of population.

PROPOSITION 5. To calculate the optimal investments in the case of
an even distribution we will consider the following cases:

1. If the initial congestion costs are relatively small and techno-

2For this value see the proof of this proposition.
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logy in congestion is inefficient, then the optimal decision policy
should be not to invest in congestion. Namely,

0y o
—_— <
a14 “o-1

implies that NJ* = 0.

Since individuals love variety and a low value of o implies a large
number of goods in the economy, the less substitute the goods
are, the less investments in congestion the government should
undertake.

2. If transportation technology is not efficient enough, the optimal
decision policy should be not to invest in transportation. In fact,

ag

o1 (1 +¢€7=0%"") > 6,ay implies that N;* = 0.

3. If technology in transportation is not sufficiently efficient, con-
gestion costs are high and technology in congestion is efficient,
then the optimal policy should be to invest only in congestion;

namely,
wl > & e N =0
5, im a ”
———0‘11 (1 + elo—1aze 8 ) > 6.a4 pLy ny S 0.

Moreover, if the optimal investment in transportation were not
very large (al%(l — N;*) > =%3) then

0y 1ol
‘“Z> oc—1

would still imply that N3* > 0.

4. If technology in congestion is not eflicient enough but technology
in transportation is efficient, then the optimal decision policy
should be to invest only in transportation. Namely,

[ c
ul <2 . N* >0
imply that
o (1 + 6(0_1)%) < draz i Ny =0.

Moreover, if the investment in congestion were not very large
(=51 + 6“2("_1)) < braz(1 ~ N3*)) then

g

1(1 + 6“2("_1)) < bragwould still imply that N}* > 0.
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5. If technology in transportation and in congestion are both effi-
cient, then the best policy should be to invest in at least one of
these sectors. In other words,

®k
al% > C,.c_r_]_ . Iv that NTd/> 0
1 imply that and/or
23 (Lrelr) <orag N3+ > 0.

PROOF: see Appendix Al.5.

PROPOSITION 6. If there are no transport costs (ag = 0), then the op-
timal investments obtained in Prop. 4 guarantee that even distribution
is a stable equilibrium.

PROOF: see Appendix Al.6.

Note that if there were no transport costs (ag = 0), then concentration
would not emerge as a stable configuration. Therefore, in this case,
an even distribution (with its optimal investments) would be the best
configuration.

Once we know the optimal investments in transportation and con-
gestion under which concentration and an even distribution are stable
equilibria, we must compare the individuals’ utility levels in both confi-
gurations. In what follows we present some interesting examples which
shed some light on this. As in Krugman (1992) we assume ¢ = 4.

EXAMPLE 1. We initially consider small congestion costs (a1 = 0.25)
and high transport costs (as = 1.5), and we will see how different
parameters of the technologies in congestion and transportation will
affect the optimal investments and, therefore, the spatial configuration.

Following the previous propositions, we can obtain that when 6, = 8
(congestion technology is inefficient) and 6, = 180 (transport techno-
logy is efficient) the optimal investments that make even distribution
to emerge as an stable equilibrium are N3* = 0 and N;* = 0.025. On
the other hand, the optimal investments that make concentration to be
a stable equilibrium are NJ = 0.043, and N = 0. If we calculate the
utility level obtained in both situations (which are stable equilibria)
we have that even distribution is the best spatial configuration.

We can see that in spite of the high value of the initial transport para-
meter and the low value of the initial congestion parameter, individuals
prefer being evenly distributed across cities than being concentrated
in one city. The explanation is clear: transportation technology is
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sufficiently efficient to make investments in this sector profitable while
congestion technology is not. Hence, people are better off being evenly
distributed across the two cities and improving the transportation in-
frastructure between them, than being concentrated in one city and
improving its congestion infrastructure.

This example also shows that dispersion can be an efficient spatial
configuration. Even distribution may emerge as the optimal spatial
pattern not only when a central government is concerned about equity,
as in Martin and Rogers (1995), but also when it is concerned about
efficiency.

Conversely, when 6, = 8, and 6, = 1 (both technologies are inefficient),
the optimal investments in the case of an even distribution are NJ* =
0 and N7* = 0, and in the case of concentration N = 0.043 and
N = 0. If we calculate the utility level in both situations, we have
that concentration is the best configuration. (In this example the even
distribution is not stable, but this is not a problem because the utility
value under the investments that guarantee stability is always lower
than the utility value without constraints, and the latter is lower than
the utility value in the case of concentration). In this case people
prefer being concentrated in one city than being evenly distributed
across cities since transportation infrastructure is not good, and its
technology is not sufficiently efficient to make investments in this sector
profitable.

EXAMPLE 2. When we initially consider high congestion costs (a; =
1.5) and small transport costs (as = 0.25), technology in transporta-
tion is very efficient (6, = 100) and technology in congestion is not
(64 = 8), we have that the optimal investments in the case of an even
distribution are N7* = 0.1548 and N;* = 0.01967, and in the case of
concentration N = 0.24 and N} = 0. If we compare the utility values
in both cases, we find that concentration is better. So, in spite of low
transport costs and high congestion costs, it is possible for people to
be better off in the case of concentration rather than in the case of an
even distribution. This is not an intuitive result. On one hand, the
larger the city population, the larger the total amount of resources in
congestion invested in this city. On the other hand, the higher the
population in a city, the higher the congestion costs in that city. So,
there is a trade-off between congestion costs experienced in a city and
investments undertaken in that city to improve congestion.
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Therefore, this example shows that individuals may reach a higher
utility level by concentrating people and resources in one city, and im-
proving only the congestion infrastructure of that city, than dispersing
people and resources between cities.'®

In what follows we will show some examples and results on the impor-
tance of the timing of investments in congestion and transportation
infrastructures. From now on, we will consider the symmetric case
where both cities have the same congestion infrastructure ~.

In the first example, we assume small transport costs (7 = 0.26).
In Figure 2, we initially consider that v = 0.5 and, afterwards, the
congestion parameter changes to v = 0.35.

FIGURE 2
Changes in congestion
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We can observe that when v = 0.35, five equilibria emerge, two of them
being unstable (the two interior asymmetric 4 equilibria) and the ot-
her three stable (concentration in each city and even distribution).
Therefore, in the long-run, when congestion costs are 0.35, concentra-
tion and even distribution emerge as possible stable equilibria. Let us
consider that population is initially distributed in such a way that A;

Y1t can be shown that this kind of result emerges when the initial congestion
parameter is so high that large imvestments in this sector are needed.

*We define asymmetric equilibrium as any equilibrium where the sizes of the two
cities are different.
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FIGURE 3
Changes in transportation
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is a value between 0 and the unstable equilibrium on the left side. In
this case, if the government improved the congestion infrastructure,
then concentration in city 2 would be the long-run equilibrium of the
economy. Thus, the government would favor concentration. However,
if the government invested the same amount of resources when popu-
lation in city 1 had increased sufficiently (0.5 > A; > 0.3), then an
even distribution would be the final equilibrium. Therefore, a chan-
ge in the congestion infrastructure does not always affect the spatial
configuration. The moment when the government undertakes these
investments is relevant. If these investments are undertaken when a
city is still quite small, concentration would appear as the final confi-
guration pattern.

We will now analyze the effects of a transportation investment on the
spatial configuration. Let us consider the case where v = 0.35 and
o = 4. In Figure 3, initially 7 = 0.6 and afterwards 7 = 0.26.

We can observe that when 7 = 0.6 concentration is the only stable
equilibrium. However, when 7 = 0.26 an even distribution emerges as
another stable equilibrium in addition to two unstable equilibria. Let
us consider that population is initially distributed in such a way that A\
takes some value between 0.3 and 0.5. Intuitively, if government carries
out the transportation improvement after city 1 reaches a certain level
(0.5 > Ay > 0.3), then even distribution will be the final equilibrium.
However, if this investment is made too late, i.e., when the economy
is at a situation where population in city 1 is lower than 0.3, then
concentration in city 2 would emerge as the final equilibrium.

Once again, if one city is very small an investment in transportation
can still drive the economy to total agglomeration. Even when the go-
vernment carried out investments in transportation to favor dispersion,
concentration may emerge again as the long-run equilibrium depen-
ding only on the timing on these investments. Hence, an investment
in transport infrastructure can change the spatial configuration only
when population is not too concentrated. Moreover, this investment
has to be undertaken, if and only if, the parameters are such that the
effect that this investment has over spatial configuration outweighs the
value of this investment. We do this in the next proposition.

PROPOSITION 7. The utility level of an individual in the case of con-
centration is lower than the utility level of an individual in the case of
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even distribution after the transportation investment, if and only if

g

_1
e~ < (1- N,)7512rs {1 n e(l—U)%e‘&TNT} = 23]

PROOF: see Appendix A1.7.

This means that this condition holds if transportation technology is
sufficiently efficient (6, sufficiently high), and congestion costs are high
enough.

In these propositions we have seen that individuals can raise their
welfare level by paying taxes, with which the government undertakes
improvements to infrastructures. These government policies cannot
only imply an improvement in these infrastructures, but also a change
in the spatial pattern.

Finally, we must emphasize the differences between a transportation
and a congestion improvement on the pattern configuration. As we
saw in Proposition 1, a transportation improvement means that even
distribution is the result that emerges easier. On the other hand,
a congestion improvement implies more concentration. Therefore, if
the government were interested in favoring dispersion, the best po-
licy would be to improve the transportation infrastructure instead of
the congestion one. In other words, if the government wants to make
Madrid less crowded, for example, the right policy would be to im-
prove transportation between this metropolis and the small outlying
towns: Getafe, Leganés, Alcorcén,... instead of an improvement in
its subway or urban bus services. Conversely, by considering farmers
rather than congestion costs, Martin and Rogers (1995) find that a
government, worried about industrial convergence, in a context of in-
ternational trade instead of metropolitan areas, would be biased in
favor of facilitating domestic (congestion infrastructure for us) rather
than international trade (transportation between cities for us). As we
can see, each context we want to analyze needs to consider a different
type of centrifugal force and this is relevant if we are interested in
political recommendations.

4. Conclusions

In this paper we have developed a model that tries to explain the
existence of cities in a context of metropolitan areas where farmers
do not play a relevant role and where congestion costs appear as an
important factor with a large influence on the spatial configuration
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of cities. Our framework is a monopolistically competitive general
equilibrium model based on Krugman (1991).

It has been shown that increasing returns to scale and the existen-
ce of transportation costs are factors that favor agglomeration, while
congestion costs prevent it. The centripetal forces are the same as
in Krugman (1991), but congestion costs have substituted farmers as
the centrifugal force. The two centrifugal forces, congestion costs and
the immobile demand represented by farmers, have different effects on
concentration and it should be underlined that the effects of other pa-
rameters, not directly related with dispersion, can differ depending on
the kind of contrifugal force one considers. By considering congestion
costs instead of an immobile demand, Krugman’s results are substan-
tially modified. First, he shows that concentration is more likely when
transport costs are low, because in that case firms do not increase
their benefits by moving closer to the dispersed farmers. Conversely,
we show that when transportation cost decreases, concentration is mo-
re difficult. In the context of metropolitan areas, which are the focus of
this paper, our result seems more appropiate, since if transport costs
decreases, more citizens will want to move to a smaller city nearby
where congestion is lower. Hence, the effect of the transport para-
meter on concentration does depend on the kind of centrifugal that
one considers. Second, as opposed to Krugman (1991), we also find
that the core-periphery pattern is more likely to occur when goods are
closed enough substitutes. This suggests that, when we consider con-
gestion costs instead of an immobile demand, the market factor effect
becomes preeminent as compared with the competition effect. Entry
of a new firm in a city benefits all existing firms in this city because it
attracts more customers. If goods are similar and there is no immobi-
le demand elsewhere, it is not possible for an individual firm to start
production profitably in another location since the market loss for this
defecting firm becomes too important.

Finally, in our model, the congestion and transport parameters are
endogenized, so that the government can modify their values. Hence,
it must decide what amount of resources to invest in congestion and
transportation to reduce respective costs. By changing these parame-
ters the government may change the spatial configuration and, therefo-
re, the long-run equilibria of the economy. Some comments about the
importance of the timing of these investments are presented. The mo-
del suggests that improvements in the transportation system between
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cities can be ineffective and drive the economy to total agglomeration
if one of the two cities is rather small. In other words, investments
in transportation lead to dispersion only if the initial population is
not too concentrated. When dispersion is initially the long-run equili-
brium of the economy, the convergence is faster after the government’s
investments in transportation. On the other hand, improvements in
the congestion infrastructure of cities can drive the economy to disper-
sion only if they are undertaken when both cities have similar sizes.
Otherwise, any investment in this sector would drive the economy to
a core-periphery pattern.

Hence, by considering congestion costs instead of farmers, policy impli-
cations are substantially modified. As opposed to Martin and Rogers
(1995), we find that a government worried about convergence, i.e. dis-
persion, would be biased in favor of facilitating trade between rather
than within cities. The model also suggests that a government concer-
ned about individual’s welfare should take into account not only the
effects of these investments on relocation of individuals and firms, but
also the relative efficiency of the technologies involved. In spite of high
transportation costs and low congestion costs, individuals may prefer
being evenly distributed across cities and paying taxes to improve the
transport between them, rather than being concentrated in one city, if
transportation technology is sufficiently efficient to make investments
in this sector profitable while congestion technology is not. On the
other hand, individuals may prefer being concentrated, and paying
taxes to improve the congestion infrastructure of that city, than dis-
persing people and resources if initial congestion parameter is so high
that large investments are needed to undertake an improvement in this
sector.

Appendix
A1.1. Proof of Proposition 1

Suppose that almost all population is concentrated in city 1, so A\ ~ 1.
Using equation [9]-[11] we can calculate wy and wa

wp = (1 ~7r)ﬁe"7 [A1]
wy = (1—7T)‘7‘1€T(1 =, [A2]

Concentration in city 1 is an equilibrium if and only if w7 > wq, which is
equivalent to y < 7(22=L), g.ed.
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Al1.2. Proof of Proposition 2

In order to study the stability of even distribution we can first write the
following expression (all variables being evaluated at A\; = %)

o ~an) g [ s (4141 _ k]
d)\; 1 L \dd dh d\1 |-
Even distribution is a stable equilibrium if and only if this derivative is ne-

gative. To study this, we can start by analyzing the sign of %‘\’—f at % We
can write

[A3]

dWs 2 A+ B
dy o C [A4]
where
9
A= — = A
[1—|—eT(<7—1)]2’ (A
_op—T(o-1)
B = 27 - [A6]
[1+ e~7(0-1)]
¢ = 1-O'”1[1+eﬁ*(<’—1>]"2—%[He—ﬂff—”]'1 A7)
_Z Ly om0y,
ag

It is easy to show that A + B < 0 and C' > 0. Hence, %—)\le < 0. On the
other hand, by doing algebraic operations we have that

%@ > —1 <= 40 -5+ (5+20)e" 701 (A8
1

+5e %701 | (25 — 5)e™ Y > 0.

We know that when o > 2.5 this inequality holds. In what follows, we may
assume these values for parameter o (which is not a strong constraint). We
can, therefore, conclude that —1 < %Vf‘ <0.

Since 71 > 0 and -GC%VZ < 0, condition ‘—gl - g_gz < 0 has to hold in order to
1 1 1

guarantee the stability of an even distribution. This condition is equivalent
to

_lo—1)duy
2 dM

From %‘j\_‘% > —1 it follows that

(-1
2

[1—e™ =+ [24(0—-1)]e" ") 4 (6 —1)y—2 > 0. [A9]

[1—e™N 4 (24 (6 - 1)7) " + (6 —1)y—2 > 0 [AL0]
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is a necessary condition to warrant the stability of an even distribution, g.e.d.
A1.8. Proof of Proposition &

Let us assume that the population is concentrated in city 1, namely A\; = 1.
Let 1 be a good produced in city 1. Then consumption in city 1 is Czl = cz1
and in city 2 is C’f = 0. Therefore, total demand is the demand in city 1, i.e.,
cz1 €M1, As markets clear, production equals demand, so that ag = c}e”l
or, equivalently, cz1 = aoe~ 71, Besides, the number of goods in the economy
n = anﬂ. Using this, we can write the utility function of an individual

located in city 1 as
o L _

Uy = (1 - N, — N,)751 (a0)Tse 1. [A11]
This expression is decreasing in IV, so that the optimal investment in trans-
portation, N, is zero. Substituting this value into U it follows that

8U]_ —<__1 1

—— = (1—N,)o- T (ao)Tee™M [A12]
ON,

g

p— +(1- N»,)(Jmiye_&”N7

The sign of this derivative depends on the expression in brackets, because
the other term is positive for 0 < N,, < 1. We define function g as g(N;) =
(1 — Ny)ay &Ye“s“fN”Y. We can see that g is a decreasing convex function,
9(0) = a1, and g(1) = 0.

FIGURE Al
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o 1 Ny
If 016, < 2% then =%5 > g(N,), for 0 < N, < 1. This implies that the
maximum 1s Ny = (see Fig. Al).
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If @10, > =%, the optimal investment in congestion, N,Y, is solution of
equation (1 — Z\T,Y)al&ye_‘s“YN”Y = =% (see Fig. A2), g.e.d.

FIGURE A2
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Al.4. Proof of Proposition 4

When N, = 0 we know (by using Prop. 1) that concentration is an equili-
brium if and only if

1 a1
Ny > —In(527). [A13]
5, BT

a
If a1 < ag or a; > ag and %;- < 2—"}:-1- then [n(%) < 0. This implies that
every Ny > 0, in particular N7, satisfies the above condition.
21
Ifa; > az and 2 > <= 22-1 then ln(TijT) > 0. We know from the proof
of Prop. 3 that above N * the utility function decreases, thus the optimal

value that guarantees concentramon to emerge as an equilibrium is N ¥ =

a

max{N}, 5 ln(z—a%)} g.e.d.

Al1.5. Proof of Proposition 5

Let ¢ be a good produced in city 1 and consider the case of an even distri-
bution. Then consumption in city 1 is C'Zl = %czl, in city 2 is 02 i ‘;2

and 7; = 5. As markets clear, production equals demand, so aa =
o4 x2 s =, . .
Cled 4 277 = Tea™(cl + c%e”). If good ¢ is produced in city

1 Lo .
2 then -Z—%_- = (%P-) . Taking into account that in an even distribution
) 21
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¢ = ¢ and that ;—L = ¢” we may write: ¢ = cre ™. Using this
21

we have a0 = e cl [1 4 e7(1=9)]. Therefore, ¢! = ——22%¢—— and
o ! +
e [1—!—6"‘(1“0’)]
2 200 —r0

——=%2¢ 779 If we introduce these consumptions in the uti-
e [14er(1-9)]

lity function of a representative individual of this economy (by symmetry his
location does not matter) we obtain that

[1+6(1 a)aze” 6”“’]%—1

Uy = (1= Ny = N7 (200) T = [A14]
ae 2
e 2
It can be shown that
OU1
3 - (o—1)age™ 7 Nr
ON, {Bla 1[1-|—e I+
+(1—- N, — N,,)&Tage_‘STNT} , [A15]
3U1 o S Ny
8N = By [U 1 +(1-N; - N»Y)alile_‘s‘* 7 | [A16)
where

Bi = (1-N,-N,)73!

[1-—}-6(1 o)aze“stT] -1

ai e—ah’T’L
2

(2a0)T% e(1=0)aze™ " 177
€

By = (1-=N,—N,)71!

[1_|__e(1 o)age” 5TNT]Fi_1

200 A18
(2ao) A18
e 3
By and B, are always positive, since N + N, < 1 in the optimum.
wy
We define the following functions that appear in EY
0 =0T ivr
—f) = —l + glo~Daze™0r ) [A19]
g(N;,N,) = (1-N; - N,)éra0e75N". [A20)

It is easy to prove that both functions decrease in Ny, where 0 < N, < 1. On
the other hand, — f(0) = =25 [1+ el@=1De2] and g(N,,0) = (1— N,)6,as.
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When N, is fixed, the maximum value of N is 1 — N,. At this point
—f(1 = Ny) = &1 4 el=Da2e™ O] 5 g and g(1 - N, N,) = 0.
We can prove that g and — f are both convex functions in N,.

FIGURE A3
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We define the following function that appears in 6_N§'
5 N.
h(Nr, Ny) = (1= Ny = Ny)ar e ~brg [A21]

It is easy to prove that h decreases in N,.

Now we can study the following cases:

FiGURE A4

1. If aléf < =%, then A(N;,0) = (1 =N, )a1 L < % This implies
that NJ* =0 (see Fig. A3).
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2. I 2= [14e(0=92°"] > §_ay, then — f(1) = &5 [1+e@Daze™] >
5Ta2 Z g(0, N,) for each N,. This implies that — f (N;) > g(Nr, N,)
for each IN,. Therefore, N* o =0 (see Fig. Ad).

FIGURE A5

ol(c-1)

7 Ny

3. If alf- > =% and =E[1+ glo—Daze™ "] > 6ray, then, usmg step 2,

we know that N}* = 0. On the other hand, h(0,0) = a2 T > 25
This implies that NJ* > 0 (see Fig. A5).

FIGURE A6

Note that even if N, took a small value, condition a1 > -—1 would
still imply that NJ* > 0.

4. If a,l-;} < =% and S5 [1+ elo=1)92] < §_ay then, using step 1, we
know that N** =0. On the other hand —f(0) = (1 + elo— 1)‘12)
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8-az = g(0,0). This implies that N* > 0 (see Fig. A6).

Note that even if IV, took a small value condition ﬁ (1 + e("‘l)a?) <
8raz would still imply that g(0, Ny) > £(0), so that N** > 0.

5. We can prove this result following steps analogous to 3 and 4, q¢.e.d.

A1.6. Proof of Proposition 6

We can prove that, when ay = 0, an even distribution is always a stable
equilibrium, regardless of the values of the other parameters. So, in par-
ticular, the optimal investment guarantees that even distribution is a stable
equilibrium, q.ed.

A1.7. Proof of Proposition 7

It follows from the substitution of the appropiate equilibria in the utility
expressions written in the proof of Proposition 3 and Proposition 5, q.e.d.
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Resumen

En este trabajo mtentamos explicar la formacion de ciudades en un contexto
de dreas metropolitanas. Contexto en el que los campesinos no representan
un papel vmportante, mientras que los costes de congestidn st aparecen como
un factor relevante. Para ello discutiremos, en primer lugar, las diferentes
repercusiones que considerar granjeros o costes de congestién como fuerzas
centrifugas tiene sobre los resultados. Un elemento central en el andhsis es la
nocion de complementaridad en las decisiones de localizacion de las empresas.
En sequndo lugar, analizamos los efectos de diferentes politicas publicas de
un gobierno central sobre la configuracion espacial de las crudades.

Palabras clave: Supraestructuras piblicas, dreas metropolitanas, costes de
congestion
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