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Abstract

In this paper we have developed a model that sets out to explain the existence
of megacities in developing countries, in the context of a core-periphery model a
la Krugman. As in Krugman and Livas Elizondo (1996), this paper also suggests
that agglomeration can be fostered by manufacturers mainly serving the domestic
market. However, the analysis goes further by emphasizing that megacities are not
only the result of protective trade policies, but also the consequence of the relative
position of a country, in terms of industrialization, with respect to the rest of the
world.
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1 Introduction

Concentration of population in cities appears as one of the most signi..cant modern fea-
tures. As observed by Bairoch (1988, p. 213): For where the urban way of life had for
thousands of years been the exception, it now became the rule.” As a matter of fact, in
1995, 2.5 billion people lived in urban areas, which means that about 45 percent of the
world’s population was urban (Pugh, 1997).

Urban centers had been, however, an isolated phenomenon until the 19th century.
Capitals of the old empires (such as Rome), centers of commerce and craftsmanship of the
Middle Ages (such as Venice and Bruges), and capitals of the new Absolutist States of the
17th and 18th centuries (such as London and Paris) were some of the important cities of
those eras. In fact, reinforcement of the power of the state and the growth of international
trade led increasingly, between 1500 and 1700, to the overall urban population in Europe
being mainly concentrated in a few cities, all of which were capitals, some being also ports
(Bairoch, 1988). We could say that modern urbanization started in the United Kingdom
after the Industrial Revolution, a revolution that acected not only the urbanization rate
but also the role of cities. Whereas in traditional societies the functions of cities were
mainly administrative, commercial, religious and craft-related, with industrialization the
number of people working in industry increased notably. Employers, in need of labor
force, attracted millions of workers from the countryside to the periphery of cities. Thisis
how Birmingham, Leeds and Manchester expanded. This process rapidly extended across
other countries: Germany (along the Ruhr); the North of France, and the East coast in
the USA. In addition to the industrial cities, port-cities (Liverpool, Rotterdam, or New
York), and those located in the core of communications networks (such as Chicago) grew
notably.

In 1900 this process was still mainly European. In fact, 95 out of 140 cities with more
than 200,000 inhabitants were located in Europe. Things have changed, however, during
the 20th century, and concentration of population has become an increasing phenomenon,
not only in Europe but all around the world. Starting in Latin America, followed more
recently by Asia and Africa, during the past few decades, the urban population of de-
veloping countries has increased by 600% (Pugh, 1997). In this vein, by the end of the
year 2000 there are expected to be as many as 35 megacities (cities with a population of
over 5 million people) in the developing world, while only Shanghai was in this category



in 1950.! Moreower, at the turn of the next century, seven of the ten largest cities in
the world are expected to be in the less developed countries (LDC) (Sao Paulo, Bombay,
Shanghai, Mexico City, Beijing, Lagos and Jakarta), while in 1950 there were only two
(Shanghai and Calcutta) (Seitz, 1995). It seems, therefore, that there is a trend towards
the concentration of urbanization into large agglomerations, especially in the developing
countries.

Following Krugman’s (1991) seminal paper, some recent articles have attempted to
explain this trend by emphasizing the role of increasing returns to scale and imperfect
competitition in explaining agglomeration in LDC. In particular, Krugman and Livas Eli-
zondo (1996) explain the existence of large cities in developing countries, such as Mexico?
D.C., by the strong backward and forward linkages that emerge from selling to the domes-
tic market. Because of the existence of transport costs, ..rms tend to choose production
sites with good access to consumers (back linkages) and to other ..rms (forward linkages),
whether they produce goods for their workers or intermediate goods. So, concentration of
economic activity is the result of a self-reinforcing process of agglomeration. Said authors
suggest that this process can be fostered by the rise of import-substituting industrial-
ization policies, arguing that the shift away from those policies may limit the growth
of Third world megacities. Furthermore, Puga (1998) suggests that low transport costs,
strong economies of scale and a large pool of agricultural workers available to migrate
into cities could explain why major cities dominate in LDC.

This paper follows the same line of work in giving an explanation of the high degree
of concentration that the poorer countries of the world are experiencing. Thus, as in the
above papers, agglomeration emerges from the interaction between increasing returns to
scale, transport costs and labor migration between locations. However, instead of em-
phasizing rural-urban migration, as in Puga (1998), it stresses the role that international
trade can play on the agglomeration process of economic activity.®> In this respect, the
paper is most closely related to Krugman and Livas Elizondo (1996). That paper shows
that a low degree of openness in an economy creates a tendency for the spatial concentra-

LEven though, Seitz (1995) also includes Buenos Aires in this group, it should be noted that Argentina

was a relatively developed country some decades ago.

2The case of Mexico has inspired recent works both in terms of population concentration and of
industrial location. See for example Dehghan and Vargas Uribe (1999), and Hanson (1996).

3See also Alonso Villar (1999), where international trade plays an important role in the urban pattern
of a country, both in terms of formation and location of cities.



tion of manufacturing activities. Even though that gives us new insights into the way that
trade policies and urban development are linked, this paper argues that it is the relative
position of a country in itself, relative to others in terms of industrialization, which may
be avecting agglomeration. In this vein, it develops a model that provides a formal frame-
work in which to analyze the interplay between industrialization and agglomeration. As
will be shown, the less dewveloped a country is (i.e., the fewer manufactures it produces),
the more likely it is that overall production/ population will be concentrated within a
single city. Firms in such a country would tend to agglomerate, since any deviating ..rm
would lose part of its national market, and this loss would not be oaset by proximity to
the foreign market, since it would have to compete with a large number of foreign ..rms.
Krugman and Livas Elizondo (1996) suggest that when an economy turns outward, do-
mestic demand is less important and, therefore, ..rms have little incentive to locate near
the domestic demand. Even though this is true, there is an element which has not been
considered: the competition exect. As a matter of fact, if a country is less developed, its
..rms are more dependent on the domestic market, since in the large foreign markets they
would have to compete with many ..rms.

Unlike most recent economic geography papers that emphasize the role of an immobile
demand as the force limiting agglomeration, the present model considers congestion costs,
which include urban tradc congestion, pollution and high housing prices associated with
large cities. This will allow us to discuss the dicerences that the consideration of dicerent
kinds of centrifugal forces and dicerent immobile demands have on the results.

The paper is organized as follows. Section 2 describes the assumptions of the model.
The analysis of the short run is presented in section 3, while the long-run equilibrium is
characterized in section 4. Finally, section 5 concludes.

2 Assumptions of the model

The model consists of a long and narrow economy with three countries: A, B and C.
Country B, which is the one on which we are focusing, being between countries A and
C. One fundamental aspect that distinguishes the relationship between regions from that
between countries is restriction on the movement of some factors. Usually, labor is not
freely mobile between countries. For this reason, we consider that every country has a
..Xed population, and that it is impossible for a worker to change the country where she/he
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is working. Population in each country A and C is assumed to be concentrated in a single
city. However, in country B there are two dicerent locations and, in the long run, workers
in this country can move between them without restriction. Without loss of generality, we
assume that the distance between one city and the next is one. Hence, cities in country
B are evenly distributed, so that each of them is one unit away from the nearest foreign
city and two units away from the more distant one. World population is normalized to
1, and _ g represents the proportion of world population in country B, where _; denotes
the proportion which is in city 1 and _, that of city 2. Conversely, . a (respectively ,c)
represents the proportion of world population in country A (respectively C).

Figure 1. Possible locations in country B: 1 and 2.

In this context, we study which elements favor the agglomeration of economic activity
in country B in only one city, and which limit this process. To do so, we ..rst analyze
the factors that intervene when country B does not trade with the others (autarky), and
second, we note which new elements come into play when there is international trade.

2.1 Manufacturing

This sector produces a large number of dicerentiated varieties under increasing returns to
scale, and ..rms are assumed to compete in a monopolistic regime of the Dixit and Stiglitz
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(1977) type. So, each ..rm produces a dicerent good and its production takes place in a
single location. The number of ..rms in each city is endogenous, and denoted by n;. We
assume that all goods are produced with the same technology

Lij = ® + Xij; ®;, =>0);

where L;; is the number of workers required to produce x;; units of good i in location j:
Labor is, therefore, the only production factor, and any variety i in city j requires the
same ..xed (®) and variable (" xjj) quantities of labor. It follows that any ..rm producing
good i in location j has a cost function

C(xij) = W@+ Xx;5);

where W; is the local wage rate.

2.2 Individuals

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

where c; is the consumption of good i and % is the elasticity of substitution between any
two goods, which is assumed to be greater than 1. This utility function implies love-for-
variety a la Dixit-Stiglitz. Hence, individuals will buy not only the goods produced in
their city, but also other cities’ goods.

We assume that in transporting goods from other locations, consumers incur transport
costs that take the usual iceberg form: a proportion of the good being shipped melts away.
When a unit is delivered from city j to city k the amount that arrives is only ei¢Pik, ;
being the transport parameter, and Dj, being the distance between them. On the other
hand, inside each city there are some additional costs, termed congestion costs, as a
consequence of urban transport, pollution, or housing prices that mean that the higher
the city size, the higher the value of these costs. Congestion costs are also assumed to
take the iceberg form. So when a unit of a good is produced in, or arrives at, city k any
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consumer living in that city can only obtain a proportion ei”-<;° being the congestion
parameter.*

Finally, as in Krugman (1992), we assume that in the long run individuals in country
B mowve towards locations with higher real wages, according to the law of motion

d).
d—tj=1/2,j,k(!ji!k);

where I is the real wage in city j, which implies that if city 1 ocers a lower real wage
than city 2, population in the former will decrease in favor of the latter.

3  Short-run equilibrium

In this section, we assume that there is no labor (..rm) mobility between locations. Given
an initial distribution of population between locations, we calculate prices, amounts of
goods, number of ..rms and wages in each city of the world.

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 is included in the latter group.

Scale economies (due to the existence of ..xed costs) in production imply that every
good is produced in only one location, so that dicerent cities have dicerent goods. To
determine the pro..t-maximizing behavior of ..rms, it is important to stress the fact that
there are two types of demand: the demand of individuals living in the city where the

“We could treat intra-urban congestion in a more explicit way, such as land consumption and/or tra¢c
congestion in cities. We could consider, for instance, cities as long and narrow. Workers, in need of land
to live on, locate along a line at the central point of which production takes place. The commuting
distance of the worker living on the outskirts of the city is oaset 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
commuting 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 costs and land rents. However, such an extension
would not substantially change the main conclusions of the paper. Therefore, we take the simplest form
of urban congestion.



good 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, %, so
that transportation and congestion costs (which mean that consumers in dicerent cities
pay dicerent prices for the same good) do not alter the behavior of ..rms. Then it can be
shown that the f.o.b. price charged by the ..rm that produces good i in city J is:

374

Pig =Wy 5=

)
We can see that this price (which is a constant mark-up over marginal cost) only depends
on the wage rate, W;, ocered in city j. Therefore, all goods produced in the same city
have the same price. Monopolistic competition implies that ..rms enter the market until
pro..ts are zero. All this implies that

3 -
Xij = ®(g) for every good i and city j. 2)

Since every ..rm produces the same quantity and has the same technology, the number of
.rms in city j, n;j, will be proportional to its population: n; = n_;, n being the number
of goods in the whole economy (this value can be obtained by dividing the number of
workers in the economy by the number needed in each ..rm). Hence, if the population in
a city is twice the other, it also doubles the number of ..rms (and varieties) of the former.

In order to obtain the wage rate in city j, W;j, we normalize the units of goods such
that p;j = Wj; which means that ~ should equal (3/47'41) Let us suppose that we have a
numeraire good at j = A. Therefore, Wa = 1.

We can prove that®

#

X
Wj = Yy(eiCPirmomgtit @)
k

==

where
Ho1
1§

X ) o s 2
= WiedP et )
k

5See Appendix A.



is a price index® at j, and

is the disposable income of city j.

Therefore, for a given allocation of labor between cities we can now calculate the wage
rate in each location.

4 Long-run equilibrium

We are now interested in knowing what happens in our economy if workers in country B
can mowe across its national boundaries. The force that moves workers from one place to
another is the real wage, de..ned as the ratio between the wage rate and the price index,
namely 1; =W;T;i%.

Let us de..ne a long-run equilibrium as any distribution of the population between the
two locations such that either both cities ocer the same real wage, or there is concentration
in the city that ozers the highest real wage. Using the dynamic process described abowe,
we know that workers tend to mowve to the city with the highest real wage and move away
from the other. Taking this into account, equilibrium will be stable if, when population
in city 1, _1; slightly increases then 1; < 1,; which implies that workers leave city 1, and
when it slightly falls then '; > I,; which implies that workers mowe to city 1.

As is well known, the system of equations that de..ne the wage rate cannot be solved
analytically because of its strong non-linearity. However, basic understanding of the
behavior of this model can be obtained by numerical simulations. To understand the
main forces at work we distinguish two cases: autarky and free trade.

6See Dixit-Stiglitz (1977). Notice that W is the f.o.b. price charged by a ..rm 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.i.f. price paid by an individual of city j for 1 unit of the good produced
in city k is Wye¢Pix*"-i_ Therefore, T can be interpreted as an average price facing an individual of
city j. Krugman (1991) calls it the true price index.



4.1 Autarky

In this section we assume that country B does not trade with the others. This means that
we have an economy with only two locations, between which individuals can move.

In what follows we show the basic understanding of the model with numerical exam-
ples, where parameters are % (elasticity of substitution); ¢ (transport) and ° (congestion).
All the ..gures are obtained, following Krugman (1992), with % = 4. In terms of transport
costs, three dicerent values are considered: ; = 0:26 (low), ; = 0:6 (intermediate) and
¢ = 1:5 (high). Finally, congestion costs take values between °© = 0 (no congestion costs)
and °© = 1 (high). Figure 2 has been obtained keeping ( = 0:26 and calculating the
real wage dizerential for dicerent values of congestion. Also, in ..gure 3 the congestion
parameter is kept constant, © = 1; and we allow for changes in the transport parameter.

We plot the real wage dicerential (11 j !2) against the labor force in city 1.7 Any
point where the wage dicerential 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 1 (or respectively 2) when 1; j 1, > 0 (or
respectively 1; j 1, <0).

"For simplicity, in these ..gures we have written the population in each city of country B relative to
its national population, which implies that population in city 2 is equal to 1 minus population in city 1,
namely .o =1j ,1:
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Figure 2. Only congestion parameter varies

We note that for high congestion costs (° = 0:5; and © = 1) concentration does not
emerge as a long-run equilibrium, since if all individuals are in city 1, ., = 1, the real
wage in city 2 is higher than in city 1 (see ..gure 2). Therefore, concentration in city 1 is an
equilibrium when the wage rate dicerential curve ends above zero. The analysis suggests
that the lower the congestion costs, the more likely agglomeration of economic activity.®
On the other hand, because of the symmetry between cities 1 and 2, we can also see that
if a spatial distribution of production/population is in equilibrium, the symmetric will
also be. In other words, if concentration in city 1 is an equilibrium, concentration in city
2 is also an equilibrium, and reciprocally.

Furthermore, for high congestion costs (° = 0:5; and © = 1) an even distribution
of population between the two cities emerges a stable spatial con..guration, whereas if
congestion costs are low (° = 0; and °© = 0:25) it does not. It follows, then, that the
higher the congestion costs, the more likely is an even distribution of population.

Next we study what happens if transport cost varies.

8When the congestion parameter decreases, the curve of wage dinerentials moves counter-clockwise.
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Wage differential versus populationincity 1
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Figure 3. Only transport parameter varies

For a given value of the congestion parameter, the higher the transport parameter, the
more likely it is to ..nd agglomeration in one city (see ..gure 3).° It also follows that by
decreasing the transport costs, an even distribution of production is more likely. When
¢ = 1:5; we ..nd that both concentration in either city and an even distribution between
them are stable equilibria (there are also two unstable equilibria between them). As usual
in models with increasing returns, we ..nd multiplicity of equilibria, which means that
there is scope for government intervention, as discussed in Alonso Villar (2000).

From all this, it follows that transport costs are a centripetal force that fosters the
agglomeration of economic activity, while congestion costs are a centrifugal force favoring
dispersion (for a formal analysis of this see Alonso Villar (2000)). In Ades and Glaeser
(1995) we can ..nd empirical evidence of this feature: urban concentration falls with
improvements in transportation networks.

4.2 Free trade

In this section we assume, then, that the three countries trade between themselves and
that countries A and C have the same population, namely _a = _c: Our model is based

9When the transport parameter decreases, the curve of wage dicerentials rotates clockwise.
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on Krugman (1980), where gains from trade occur because the world economy produces
a greater diversity of goods than would either country alone, thus ocering each individual
a wider range of choice. Following Krugman (1991, 1992), we would expect that the
existence of an immobile demand would limit the agglomeration of country B’s activity
to a single location. In our case, the two foreign markets are symmetrically located with
respect to country B and, since there is no international labor mobility, they represent an
immobile demand for ..rms in country B.

Wage differential versus populationincity 1
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S
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Figure 4. Only the relative level of country B’s industrialization varies

In ..gure 4 can see that dispersion between the two cities is a stable equilibrium when
population in country B is high enough. Otherwise, all economic activity in country B
would concentrate in a single location. As opposed to Krugman (1991,1992), the analysis
suggests that the existence of an immobile demand, in this case represented by the two
foreign markets, seems to favor the agglomeration in country B, instead of halting it.

Let us now characterize the spatial pattern where two cities emerge in country B as a
stable equilibrium analytically. We can prove that the symmetric equilibrium is stable if
and only if dTTj-Tlil i dTJVi’-Wlil > 0, where _ denotes the share of country B’s population
living in city 1.1 In the appendix we derive

10See Appendix B.
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parameters directly, and through the expressions for the price indices and the wage rate
in location 1, are de..ned in the appendix. To study when the symmetric equilibrium is
stable we have to see when X3 j X2 > 0:

When transport costs are very low, z; and z, tend to zero, so that expression (6) takes
the form

X3 j X2 = _B @)

I
v
w

This implies that the higher the congestion parameter (°), and the higher the popu-
lation/production in country B (), the more likely it is that the symmetric equilibrium
will be stable. Besides, the stability of the symmetric equilibrium is warranted whenever
°>0:

3 -~

. il
When transport costs are very high, z; tends to zero and z, tends to - '". Therefore

#
2

+—
.B(1i %)

o

(8)

X3 1 X2=._.B

In other words, when transport costs are very high two cities can coexist as a stable
con..guration if and only if the population in country B and congestion costs are high

enough; i.e., if and only if, ° g > ﬁ

Let us now analyze what happens with expression (6) when country B is either very
large (. s tends to 1) or when it is very small (,g tends to 0). In the former case,

2(23/4 i 1) 1 i eédlz(li%) .
Yj 1l 2% § 1+ ecd@i®n)’

X3iX%X2>0, °>

(9)
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It follows then that the higher the transport cost, the higher the congestion cost has to
be if we want to guarrantee stability. In other words, if country B is large and congestion
costs are high enough, a two-city spatial pattern can emerge as a stable con..guration.

In the latter case,

X3 ix2 @O (10)

Hence, when population/production in country B is very small it is unlikely that two
cities will be found as a stable spatial pattern.

To summarize, we can conclude that transport costs work against dispersion while
congestion costs and country B’s population favor dispersion. Therefore, as opposed to
Krugman (1991, 1992), the existence of an immobile demand, represented by the two
foreign markets, seems to favor agglomeration in country B, instead of halting it. The
analysis suggests that the less developed country B is (i.e., the fewer manufactures it
produces), the less likely it is that production/population will spread between the two
cities. In other words, the more populated foreign countries are, the more likely it is that
concentration in country B will be found, which means that the existence of this immobile
demand does not limit agglomeration. On the contrary, Krugman (1991,1992) points out
that the greater the number of farmers (who represent an immobile demand sited in two
symmetric locations analogous to our foreign markets), the more dispersion emerges since
..rms can obtain bene..ts by moving closer to this dispersed and immobile market where
competition is lower.

In this paper, however, the immobile demand represented by the two foreign markets,
consists of workers who also produce manufactures, with which ..rms in country B will
have to compete. From Section 3, we already know that the greater the size of the foreign
markets, the more varieties there are produced. So, the more di¢cult it is for ..rms in
country B to ..nd bene...ts by moving away from concentration. If the two foreign markets
are very large, production in country B tends to agglomerate in a single city, since any
deviating ..rm would have to compete with a large number of foreign ..rms and would lose
part of its national market. This suggests that the erect of an immobile demand on the
concentration of production is not always the same. The fact that the potential market
does or does not produce other varieties with which to compete appears to be a crucial
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factor.

5 Conclusions

World’s population is becoming increasingly urban: in 1994 about 75% of the population
in the more developed countries, and 35% in the less developed countries lived in cities,
while in 1950 only 15% of the population in the poorer countries was urban (Seitz, 1995).

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
interaction between individuals. Some of them are non-price interaction models in which
agglomeration is generated by technological externalities (see Henderson (1974) and Rauch
(1991) among others). Others are noncompetitive models, especially monopolistic com-
petition models (see, for example, Krugman (1991, 1992) and Fujita (1993)). In these
models, agglomeration emerges from three sources: economies of scale at ..rm level, trans-
port costs, and the mobility of the industrial labor force. Increasing returns to scale means
that the production of each good will take place in a single location. On the other hand,
the existence of transport costs implies that the best locations for a ..rm 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.

But if it is obvious that concentration is becoming a quite common pattern of the spa-
tial distribution of population, it is not less well-known that urban growth is dramatically
intense in the less developed countries, where a large number of huge cities have started
to appear: Sao Paulo is expected to surpass 23 million people in 2000, while Bombay,
Shanghai or Mexico will have populations of over 16 million. There are clearly more than
a few problems in analyzing the consequences of these huge concentrations of people: high
poverty rates, crime, pollution and congestion.

In this paper, we have developed a model that sets out to explain the existence of
megacities in developing countries, in the context of a core-periphery model a la Krugman.
It has been shown that increasing returns to scale and transport costs are factors that
favor agglomeration, while congestion costs prevent it. The centripetal forces are the
same as in Krugman (1991), but congestion costs substitute for farmers as the centrifugal
forces. The two centrifugal forces, congestion costs and the immobile demand represented
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by farmers, have dicerent eaects on concentration and it should be emphasized that the
ecects of other parameters, such as that of transportation, can dicer depending on the
kind of centrifugal force one considers. By considering immobile farmers, concentration
is more likely when transport costs are low, because in that case ..rms do not increase
their bene..ts by moving closer to the dispersed farmers. Conversely, by considering
congestion costs, when transportation costs between locations decrease concentration is
more di¢cult, since more citizens will want to move to a smaller city where congestion is
lower, without paying much for transport costs in delivering goods.

As in Krugman and Livas Elizondo (1996), this paper also suggests that agglomeration
can be fostered by manufacturers mainly serving the domestic market. However, the
analysis goes further by emphasizing that megacities are not only the result of protective
trade policies, but the consequence of the relative position of a country, in terms of
industrialization, with respect to the rest of the world. It is very di€¢cult for a developing
country to break these huge agglomerations if its relative position does not improve. Since
the goods produced by the less developed country have to compete with the products of
the rest of the world, it would not be pro..table for its ..rms to choose locations more
distant from its national market and closer to international markets. Therefore, contrary
to Krugman (1991, 1992), we ..nd that when a country has a low level of industrialization,
an immobile demand represented by foreign markets leads to concentration instead of
dispersion. This allows us to emphasize that dicerent assumptions about an immobile
demand which represents a potential market may drive the economy to dicerent spatial
patterns. The fact that this demand consists of individuals who do, or do not, produce
goods with which to compete seems to be crucial to the results.
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Appendix A

In order to obtain the system of equations that de..ne wages, price indices and income in
any city, we should begin by solving the consumer’s problem

LA
X ug1 il
max  cf * (11)
>
st pic =m;
ij
where cX is the consumption of good i by an individual of city k, p'ij is the c.i.f. price

paid by this individual for a unit of good i produced in j, and m is the income of this
individual. From the ..rst order condition, we have

k %
ck = pzk'_o,l ck: (12)
ij
Denoting total consumption of variety i in city k by CK, CX = _ c¥, it follows that
k %
pk.Ck = —hppkz'fi ck: (13)
ij

Income of city k, given by equation (5), is used to pay for goods consumed in this city,
i.e.,

>
Y= pgcr (14)
ij
p Mo Moa
Using expression (13), we can write Y, = p'gjocg i fgﬂ . Rearranging this, we
ij
have Lo
Yipk "
psCs = P% (15)
i NiPy

where nj is the number of varieties produced in location j.*

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

Sk = nypsCX: (16)

' Note that from equation (1) we already know that any variety in city j has the same f.0.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 i. We are identifying good 2 with any good produced in city 2.
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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; eéPi*+°k.k) and taking into account that pj = W;j, we have
that revenues in city 2, from selling all the goods manufactured there, are

> > . i,
Sk =2  Yi(WpetPa* kT i)

k k

(17

where T, is the price index at k given by expression (4).

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

>
Sok = Wa, 2! (18)
k

From (17) and (18) it follows that the wage rate in city 2 is

> 1
W, = Y (e i(¢Dak+°, k)Tk)% il . (19)
k

This proof could be repeated for a generic city j.

Appendix B

Now we want to characterize the situation in which two cities emerge in country B as a
stable equilibrium. In order to do so we have to dicerentiate totally the equilibrium -
given by equations (3)-(5) — with respect to ., at the symmetric equilibrium (, = 0:5), and
then analyze when w < 0: By , we mean the proportion of country B’s population
in city 1, namely, , = -L, and by 1 j . that of city 2.

Y

Since we are dizerentiating around the symmetric equilibrium, we have some sim-
pli..cations. On one hand, any change in a variable (wage, price index) in country C
is matched by an equal but opposite sign change in the respective variable in country
A. For example, ddi = idTWA(: 0 since the numeraire is at location A and, therefore,
Wp = 1): The same happeﬁs with respect to locations 1 and 2 in country B. So, for
instance, ¥4 = j&%:and 4+ = §9=. On the other hand, by symmetry, T; = T, and
Ta=Tc. Analogously for other varlables
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It follows then that

A !
d(?; j ! L dW ,dT
( 1d: 2) = 2T,it _df inTl'ld_,l : (20)
Therefore, the symmetric equilibrium will be stable if and only if
W;. ... Ti_.
AWy it < g i, (21)

d t d, *

3 3

We want to ..nd under what conditions the above expression holds. In order to do so,
we ..rst calculate all the endogenous variables at , = 0:5.

3 - 3 '#1—#
Ta = g A A1+ e(ldAc @i%) 4 %Wili%eédlA(li%) 1+ eédlA(li%) =Y ,A'FA;

(22)

3 - 3 A
T, = e°‘23' >Ae(;d1A(1i%) 1+ eédlA(li%) + %Wlli% 1+ e(',dlZ(l i%) — e°ﬂ23--111; (23)

3 - B 3 ’#4/:

. -3 . =3 3 = - 3, = ; =3

Wi = bAecdlA(l i%) 1 4 ecdiali®) fﬁll + 7W11L1/“1 1 + ¢ 2@ i%) : (24)

Secondly, by dizerentiating the price indices and the wage rate around the symmetric
equilibrium we can ..nd the exects of a small change in the allocation of labor between
locations 1 and 2. These derivatives are as follows

1
dTa_ . . 1§ %dWy. ..
oAl =TTy LW (25)
A 1#
dTl - ° 1 1i3/4dW1 - .
d—T1'1=bB +221i% 1+ g wit (26)



dwy . . i dTa_ . dwy . -
g Wit = 2 Wit A (i D) d_ATAfl +2Z.8+ 22’—28d_1W1' t+ (27)
2R i) ST

where z; and z, were de..ned to simplify the above expressions (see the similarity with the
corresponding expressions given in Fujita, Krugman, and Venables (1999), chapter 18)

A

.I1 !3/4513 -
A
1 =

—_ 1ij ecdia(li¥%) eédm(li%); (28)
W,

1

7, = —= 1 s eédlz(li%) : 29
o= i 9)

The system of equations (25)-(27) is linear in variables ZaT % W il anddlT,i%:
Let us call them Xx;; X2 and Xz, respectively. We can now write the system with this new
notation and after some arithmetic we have that
A 1

2%31 = H -
o4 227y Wi A G 1)

- i - X1: 30
R )

X331 X2=._.B

Analyzing when the symmetric equilibrium is stable is then equivalent to seeing when
X3 j X2 > 0:
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