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We analyse how the interplay between urban costs, wage wedges and trade 
costs may affect the inter-regional location of firms as well as the intra-urban 
location, within the central business district or in a secondary employment 
centre (SEC) of the selected region. In this way we investigate, on the one 
hand, how trade may affect the internal structure of cities and, on the other 
hand, how decentralizing the production and consumption of goods to 
subcentres changes the intensity of trade by allowing large metropolitan areas 
to maintain their predominance. 

We show that, despite low commuting costs, SECs may emerge when the 
urban population is large and communication technologies are efficient, two 
features that seem to characterise modern economies. Moreover, when trade 
costs fall from high levels, the economy moves gradually from dispersion to 
agglomeration, favouring the formation of SECs. In an integrating world, 
however, the centre of a small monocentric city could be more attractive than 
subcentres of large polycentric cities. Nevertheless, the core retains its 
predominance through the relative growth of its main centre, which occurs at 
the expense of its subcentres. 
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1 Introduction

Cities are major actors in the process of trade (Bairoch, 1988). It is, therefore,
fundamental to understand how the way they are organized - that is, their size and
internal structure - impacts on trade flows and, conversely, how interregional flows
influence the organization of cities. This is what we undertake here by studying
this relationship through the interplay between trade costs and urban costs. Among
other things, our approach will allow us to develop a better understanding of the
growing role played by large metropolitan areas in modern economies.

In most developed countries, housing and commuting costs, which we call ur-
ban costs, account for more than one-third and sometimes as much as one-half of
households’ budgets.1 Furthermore, the proportion of households’ budgets spent
on housing and commuting has increased substantially over the last few decades.
Firms’ performances are affected too by the level of urban costs. This occurs both
directly through the land rent they pay to occupy central urban locations, and indi-
rectly through the higher wages they pay their workers, who must be compensated
for longer commutes. In addition, high urban costs act as entry barriers and lead
the incumbents to charge higher prices. This makes local firms less competitive on
home and foreign markets alike. It is surprising, then, that the economics profession
has not paid more attention to those costs.

Despite the many advantages arising from agglomeration (Duranton and Puga,
2004), high urban costs give firms incentives to leave the main urban employment
centers, and this is what firms have long been doing (Hohenberg and Lees, 1985).
Firms (or developers) may then choose to form secondary employment centers, enter-
prise zones, or edge cities (Henderson and Mitra, 1996; Lucas and Rossi-Hansberg,
2002). As they enjoy living on larger plots and/or move along with firms, workers
choose to live in suburbia or exurbia (Brueckner, 2000; Glaeser and Kahn, 2004). In
this way, firms are able to pay lower wages and land rents while remaining within
the metropolitan area - and so benefiting from agglomeration economies. In other
words, the formation of subcenters within the same city, i.e. the formation of a
polycentric city, appears to be a natural way to alleviate the burden of urban costs.

However, secondary employment centers are dependent on the urban center
proper. Indeed, the higher-order functions (business services, research, banking
and insurance,...) are mainly located in urban centers of cities. These functions
seek out central positions and major city centers retain specific features relative to
secondary employment centers. Hence, an access cost to the main center, which
we call communication costs, is incurred by firms located in secondary employment
centers. These costs may be crucial for the choice of firms to set up in a secondary
employment center.

Yet, forming subcenters is not the only way for firms and workers to escape
from high urban costs: they may choose to move into smaller, but cheaper, urban
(or even rural) regions (see Holmes and Stevens, 2004, for the US and Gaigné et
al., 2003, for France). Such relocations may be profitable once trade costs have
declined far enough to permit large-scale exports to distant regions. When this is
the case, agglomeration economies and subcenters notwithstanding, the geographical

1See section 2 for more details.
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concentration of activities within large metropolitan areas slows down and may even
be superseded by the growth of small cities.

The foregoing observations suggest that the size and the structure of a city is
dependent on its exchanges with other cities, as argued by many economic historians
(Bairoch, 1988). Indeed, cities exporting a large proportion of their output, both
because the firms located there are efficient and because trade costs are low, are
likely to attract more firms and workers from other places. Such moves trigger an
escalation of urban costs, which in turn prompts a redeployment of activities in a
polycentric pattern, while smaller cities maintain their monocentric shape. However,
we have pointed out that the urban structure of the city in which firms operate
affects their competitiveness through the level of urban costs. The causality thus
also runs the other way. As a result, by focusing on urban costs, we recognize quite
naturally that both agglomeration and dispersion may take two quite separate forms
because they are now compounded by centralization or decentralization of activities
within the same city. Such a distinction is crucial for understanding the nature and
evolution of trade.

In a nutshell, we may thus conclude that the interplay between urban costs, wage
wedges, and trade costs is such that firms (and workers)must choose an interregional
location, which belongs to a central or peripheral region, as well as an intraurban
location, within the central business district or in a secondary employment center of
the selected region. This is precisely the process we set out to study in this paper
in which we borrow at will ingredients from different fields, such as trade theory,
urban economics, and industrial organization. Specifically, we want to investigate,
on the one hand, how trade may affect the internal structure of cities and, on the
other, how decentralizing the production and consumption of goods and housing to
subcenters changes the intensity of trade by allowing large metropolitan areas to
maintain their predominance. As a by-product of our analysis, we will see that the
market equilibrium may lead to a hierarchical urban structure involving one large,
polycentric city together with small, monocentric ones.

To achieve this goal, we focus on urban costs as defined above because they
both explain the formation of subcenters within a city and determine the strength
of firms’ incentives to move to less crowded regions, where wages and land rents are
lower. We also consider a monopolistic competition setting that allows us to deal
with increasing returns at the plant level as well as with positive variable mark-ups
that vary with the number of competitors. As trade costs are positive, geography
matters in our model in that cities are not floating islands.

Our contribution may be summarized as follows. Our model sheds light on some
important concrete issues that have been pretty much overlooked until now. To
begin with, we show that the internal structure of a city critically depends on the
size of the labor force and the efficiency of communication technologies connecting
firms to the strategic services established at the city center. In particular, we will see
that a polycentric city may well be the only stable configuration when commuting
costs are very low, an outcome that was unexplained (Anas et al., 1998). This is
so when the urban population is large and communication technologies are efficient,
two features that seem to characterize our modern economies. This result points to
one possible implication of the communications revolution.
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When cities are open to trade, the equilibrium outcome ceases to be unique
and highly contrasted patterns may arise. The organization of the space-economy
varies with the capability of cities to accommodate a small or a large population in
the monocentric arrangement. With a small population, we obtain the bell-shaped
curve of spatial development. However, transitions are still of the bang-bang type.
With a large population, the picture is quite different. When trade costs fall from
high levels, the economy moves gradually from dispersion to agglomeration. The
growth of the core region benefits its subcenters mostly. Once agglomeration within
a polycentric city has been achieved, the core maintains its primacy over a large
range of trade costs, thus confirming the intuition that the polycentric structure
fosters agglomeration. However, when trade costs decline by a sufficiently large
amount, some redispersion takes place, thus suggesting that, in an integrating world,
the center of a small (monocentric) city could be more attractive than subcenters of
large (polycentric) cities. Nevertheless, the core retains its predominance through
the relative growth of its main center, which occurs at the expense of its subcenters.
All together, these reults imply that the existence of urban subcenters may have a
substantial impact on the nature and intensity of interregional trade. Turning to the
impact of another type of costs, we will also show that the fall in commuting costs
within cities may also affect the interregional distribution of activities.

Thus, it seems fair to say that our paper offers a synthesis of trade and urban
system models. The internal structure of cities is endogenous and determined by the
interactions between different types of spatial costs. Both consumption and produc-
tion activities require land, whereas firms locate in the central business district or
in subcenters.2 As trade costs evolve, individual migrations appear to be governed
by incentive schemes that vary with the internal structure of cities.

In the sections that follow, we first discuss the empirical evidence that justifies
our paper (section 2), and then describe the modeling strategy we use (section 3).
The city equilibrium is characterized (section 4), whereas the subsequent section an-
alyzes an urban system of two cities whose size and structure are endogenous. Two
principal scenarios are considered: in the first, trade costs keep falling (section 6);
in the second, we study how interactions between two types of costs (workers’ com-
muting costs and firms’ communication costs between the central business district
and subcenters) shape the space-economy (section 7). Section 8 concludes.

2 Urban Costs and City Structure

2.1 Urban costs and wages

In the United States, shelter accounts for 32.9% of household budgets and transport
and communications for 19.3% (excluding local taxes and opportunity costs of time
spent), making a total of 52.3% in 2001 (Bureau of Labor Statistics, 2003). It is
reasonable, then, to say that more than 40% of the income of American households
is spent on housing and transportation. Numbers for Europe are somewhat lower,
but of a comparable order of magnitude. The average for the 15 European Union

2 In their survey, Abdel-Rahman and Anas (2004) note that there is a need for a theory of urban
systems in which the structure of cities need not be monocentric.
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member states in 1994 was about 40% of income for housing and transport and
communication (Winqvist, 1999).3

However, not all of this spending corresponds to urban costs as defined above, be-
cause this expenditure includes second homes and non work-related travel, whereas
another fraction is location-independent. In addition, national averages fail to sep-
arate urban areas from rural ones, where residential costs are much lower. The
analysis, therefore, needs to be refined.

The 1984 and 1996 INSEE housing survey for France can be used to pin down
the points that interest us. We have calculated the share of (gross) income spent on
rent and commuting costs.4 The results show that rent took up 27% of income on
average and increased by 70% over the period 1984—1996. Adding our estimate of
commuting costs gives a budget share of 40% (61% up on 1984), which is similar to
the foregoing evaluations.

As predicted by urban economics, urban costs increase with city size. This is
confirmed by the dotted line of Figure 1 for 20 large US cities (Bureau of Labor
Statistics, 2003). The correlation coefficient between urban costs and the log of the
number of consumer units is 0.54. Urban costs are less than $15,000 per year in
cities like Pittsburgh, Baltimore and Kansas City but rise to nearly $20,000 per year
in San Francisco, Los Angeles and New York.
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Figure 1. Urban costs and wages in the US

For France, we have used the INSEE housing survey to calculate that, in 1996, the
rent per square-meter within the city of Paris was 84% higher than the national

3 In France, housing and transport expenses have increased by 80% in household budgets between
1960 and 2000 (Rignols, 2002).

4The housing survey gives us the rent and annual income (only households that rent their
property are included). The annual monetary cost of commuting is calculated as follows. One
return trip for each of the 230 working days, times the number of workers in the household, yields
the number of trips. This number is, in turn, multiplied by the crow fly distance between the
residence and the center of the urban area, which is itself multiplied by 1.25 to get a more realistic
estimation of the trips made by road. (In so doing, we assume that all the working population of
an urban area works at its center. This entails a moderate overestimate of commuting trips.) The
distance traveled is then weighted by the Revenue Service rate for 1984 and 1996 on a sliding scale
with distance.
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average and that rents were 28% below the national average in urban areas of cities
with less than 100,000 inhabitants.

As urban economics also suggests, differences in urban costs associated with city
size are offset by higher wages in big cities. Glaeser and Maré (2001, p. 317) report
a close correlation between city size and wages in the US. However, when wages are
set against the cost of living, this correlation collapses, which suggests that the high
wages paid by firms are a form of compensation for the cost of living that is granted
to workers so that their real income is the same everywhere. Figure 1 shows the
wages of computer programmers, as a sample occupation, which vary in the same
direction as urban costs (both variables are adjusted to a mean index of 100 to make
the figure easier to read): wages rise with population at much the same rate as urban
costs, the solid line regression curve being virtually superimposed on the dotted one
for urban costs.

Shifting now to the intra-urban scale, using a wage equation that makes al-
lowance for differences in human capital, Timothy and Wheaton (2001) report large
variations in wages according to location: “wages are found to be as much as 15%
higher in central Boston than in outlying work zones and (...) wage differentials of
up 18% are found between central Minneapolis and the fringe counties” (p. 349-350).
They further show that these differences are largely due to commuting costs.5

2.2 On polycentric cities

As said, when they grow bigger, metropolises spawn subcenters and/or sprawl out
toward their hinterlands. For example, Giuliano and Small (1991) identify 29 job
centers in Los Angeles, McMillen and McDonald (1998) find 15 in Chicago, and
Creveso and Wu (1997) count 22 for the San Francisco Bay Area, thus leading Anas
et al. (1998) to conclude that “polycentricity is an increasingly prominent feature
of the landscape”.6

The decentralization of jobs is a recent phenomenon in France, although some-
what older in the Ile-de-France Region, as Table 1 shows.

Table 1. Employment changes in Ile-de-France
1968 1979 1998 1968/1979 1979/1998

Paris 1965 1957 1540 −0.4% −21.03%
Inner belt 1468 1636 1695 +11, 4% +3.6%
Outer belt 873 1116 1486 +27.8% +33%
Total Ile-de-France 4306 4708 4721 +9.3% +0.2%

Source : Awada, 2001 (thousands of jobs)

After holding up through the 1970s, jobs in Paris fell by more than 20% in the
20 years that followed. Job numbers rose in the 1970s in the near suburbs and in

5Similar results hold for Paris. From the database built by Gaigné et al. (2003), it appears
that wages are 12% lower in Paris fringe than in Paris for middle managers. The wage differential
increases up to 30% for senior managers and takes its lowest value for manual workers (5%), which
may be explained by the French law on minimum wage.

6Other studies of polycentric urban regions are reviewed in a special issue of Urban Studies
edited by Kloosterman and Musterd (2001).
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the more remote suburbs over both periods. The total rise was 70% in the last 30
years in the outer suburbs. However, this decentralization is not characterized by a
wide scattering of firms. Indeed, some 75% of employment in the outer suburbs was
concentrated in 11% of the communes, which drained most of the growth in jobs and
now accommodate about one-third of the jobs of the outer suburbs, in decentralized
employment centers (Lartigue and Petit, 2000). Hence, firms form local clusters
when they are not in the CDB.

Moreover, as shown by Table 2, a peak in land rent around Paris confirms the
existence of subcenters. The rent is about 25% lower in the belt located from 5 to
9 kilometers from Paris and it is 33% lower for the 10 − 14 km belt. Interestingly,
the rent rises further (from 104euro/m2 for 10− 14 km to 122 for 15− 19 km). This
higher rent is likely to be due to the presence of subcenters. Beyond, the rent falls
again and reaches very lower values for remote locations.

Table 2. Housing rent according to the distance from Paris
Distance (km) Rent (euro/m2)

0 155
5− 10 118
10− 15 104
15− 20 122
20− 24 96
> 24 100

Source: INSEE, Housing survey (1996)

What was it that led to the emergence of polycentric urban structures? Three
reasons at least can be given.

1- The increase in city population. In France, the population of the Paris Re-
gion more than doubled between 1921 and 1999. Over this period, Paris has lost
inhabitants (−27%), whereas the population trebled in the remainder of the region.
Suburbanization of the population in the Ile-de-France Region since 1975 has out-
stripped the decentralization of jobs with the suburban population increasing by
29.4% and jobs by 15.6%.

2- The increase in commuting costs. In France, for direct monetary costs, dis-
tance traveled has increased and unit cost has also risen slightly. In all, for the
Ile-de-France Region, commuting costs have risen since 1976, as Table 3 shows.

Table 3. Commuting costs in the Ile-de-France Region
1976 1991 1976-1991

Journey length (km) 7.9 9.8 +24%
Cost per km 1.77 1.97 +11%
Direct annual monetary cost 6432 8880 +38%
Journey time (minutes) 35 38 +9%

Sources: Baccaïni (1997) and French Revenue Service (FF 1997)

3- The fall in firms’ communication costs. Anas et al. (1998) record that by the
end of the 19th century telephones and trucks were making it possible for firms in the
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US to decentralize. Lartigue and Petit (2002) emphasize the impact of telecommu-
nications, where supply has exploded in the last 15 years or so: all major firms and
73% of small and medium-sized firms have (usually broadband) Internet connections
thanks to the development of a dense fiber-optic network. Accordingly, communica-
tion costs have fallen dramatically, making location in the remote periphery of Paris
less of a disadvantage.

However, secondary employment centers remain dependent on the urban center
proper. As observed by Anas et al. (1998, p.1442): “subcenters have not eliminated
the importance of the main center (...): downtown has the more total employment,
higher employment density, and usually a larger statistical effect on surrounding
densities and land prices than does any subcenter”. This is confirmed by Schwartz
(1993) who observes that about half of the business services consumed by US firms
located in suburbia are supplied in city centers. In the case of New York, Los Angeles,
Chicago and San Francisco, this figure even grows to 65%. The same is true of
France, as can be seen from the distribution of higher-order metropolitan functions
(executives, engineers, and business service company management jobs, research,
commerce, banking and insurance, art). These functions are more common in city
centers than in their periphery. For example, for the Paris urban area, they make
up 19.3% of employment within Paris itself, 15.7% in the suburbs, and 6.6% in the
periurban belt (Julien, 2002). These higher-order functions seek out central positions
and major city centers retain specific features relative to secondary employment
centers. This means that firms in secondary employment centers incur an access
cost to the main center when they resort to these higher urban functions. Even if
this cost is likely to have sharply fallen with the reduction in communication costs,
allowance still has to be made for it.

To sum-up, two types of spatial structure seem to emerge. Either all firms form
a central business district (in short CBD), in which case the city is monocentric, or
some firms are prompted to constitute a secondary employment center, thus making
the city polycentric. The market outcome depends on the population size, the level
of commuting cost, and the access cost to the CBD.

3 The Model

3.1 The spatial economy

Consider an economy with two regions, labelled 1 and 2, one sector and two factors,
labor and land. The economy is endowed with L mobile workers. The welfare of a
worker depends on her consumption of the following three goods. The first good is
unproduced and homogenous.7 It is assumed to be costlessly tradeable and chosen
as the numéraire. The second good is produced as a continuum of N varieties of
a horizontally differentiated good under monopolistic competition and increasing
returns, using labor and land as inputs and enjoying technological spillovers. Any
variety of this good can be shipped from one region to the other at a unit cost of
τ > 0 units of the numéraire regardless of the variety, where τ accounts for all the

7The model can easily be extended by introducing a second sector producing the homogenous
good under constant returns and perfect competition, using an immobile factor.
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impediments to trade. This implies that both cities are assumed to be anchored
and separated by a given physical distance.8 The third good is land and is perfectly
immobile.9

Ideally, we should explain why a central business district, where local public
goods and business-to-business services are supplied, is formed in each region. How-
ever, this would render our analysis much more involved from the technical point
of view, without adding much to our understanding of the space-economy. Indeed,
the reasons for CBDs to arise have been well explored in the literature (Duranton
and Puga, 2004) and we have nothing to add about this question. For the sake of
simplicity, we thus choose to assume that each region has a given CBD located at
the origin of a one-dimensional space, denoted X. The total amount of land in each
region is large and its density per location is equal to one. Without loss of gener-
ality, we assume that the opportunity cost of land is zero. Finally, throughout the
paper, we focus on the right-hand side of the city, the left-hand side being perfectly
symmetrical.

Firms established in region r are agglomerated within clusters that form employ-
ment centers. It is well known that a prominent reason for such a concentration of
producers lies in the supply of nontradeable business-to-business services provided
at the center of the cluster - think of banks, insurances, law and auditing firms
(Duranton and Puga, 2004). As the consumption of such services typically requires
face-to-face communications, the distance to the cluster center matters to firms.
However, we do not wish to introduce explicitly such services in our model because
this would render its analytical treatment very cumbersome without adding much
to the understanding of the phenomena we want to capture here. Hence, to keep
the analysis as simple as possible, we subsume all such effects through the following
(admittedly ad hoc) spatial benefit function that enters firms’ profit functions in a
way that will be described below:

Sr(x) = A+Bλr − tfx (1)

where A, B and tf are nonnegative constants, λr ∈ [0, 1] the share of firms located
in region r = 1, 2 (with λ1 + λ2 = 1), and x the distance to the cluster center.10

This expression also captures the idea that the number of intermediate services
varies from one region to another with the number of firms located in each city and
operating in the final sector (Abdel-Rahman and Fujita, 1990).11

Throughout this paper, we will focus on configurations in which firms located
in region r are clustered in the CBD. However, some firms might choose to set up

8Thus, we differ from Fujita et al. (1999). Note, however, that our setting also differs from theirs
in two other aspects. First, our cities have a spatial extension and may be polycentric. This allows
us to study how the urban structure of cities may affect trade, and vice versa. Second, we do not
appeal to simulations to solve our model.

9Thus, our economy encompasses the whole range of possibilities: one good is freely mobile, one
good is imperfectly mobile, and one good is immobile.
10Admittedly, exponential spatial decay functions are more relevant. However, the use of such

functions leads to complicated expressions that are solved by means of simulations, a way out we
want to avoid (Fujita and Ogawa, 1982; Lucas and Rossi-Hansberg, 2002).
11The total number of firms being fixed, (1) also means that the intensity of spillovers increases

with the number of firms set up in region r.

9



in the suburbs of the metro, where they form a Secondary Employment Center (in
short SEC), which is also the source of local benefits described by (1). As will be
shown, the reason for the formation of a SEC is the fact that the land rent prevailing
in the city outskirts is much lower than in the CBD, thus allowing firms to pay lower
rents and lower wages. It remains to explain why and how a SEC is different from
a CBD. We have seen in section 2 that a CBD supplies high level services that not
available in a SEC. As a consequence, when some firms set up in a SEC, they must
incur a cost K > 0 for using such services. It is natural to assume that this cost,
which we call communication cost, decreases with the distance from the CBD. For
analytical simplicity, we will assume that it is zero for the CBD-firms and positive
but distance-independent when firms are outside the CBD. This is a reasonable
assumption as communicating mainly requires the building of facilities which have
the nature of fixed costs. We will also assume that all the land between these two
centers are occupied by firms and workers, so that the CBD and the SECs interact
as they form together a metropolitan area (see Figure 2 for an illustration of the
land rent pattern).

Because firms use land, each cluster of firms has a spatial extension whose size
depends on the number of firms that belong to it. In what follows, the superscript C
is used to describe variables related to the CBD, whereas S describes the variables
associated with the SEC (if any). Distances and locations are expressed by the
same variable x measured from the center of the CBD located at x = 0 whereas
the center of the SEC is established at xSr > 0, the location of which is endogenous.
Both the CBD and the SEC are surrounded by residential areas occupied by workers.
Depending on the structural parameters of the economy, the city may be monocentric
or polycentric. In each city, the market for the differentiated product is open in
the CBD and in the SEC, where the price pr(i) of variety i ∈ [0, N ] is the same
regardless of the place. This amounts to assuming that the intra-regional transport
cost is negligible with respect to the inter-regional transport cost of the differentiated
product.

Under these various assumptions, the location and the size of the SEC as well as
the size of the CBD are endogenously determined. In other words, apart from the
assumed existence of the CBD with its high-level services, the internal structure of
each metropolitan region is endogenous. As creating a new subcenter requires some
positive fixed cost (Glaeser and Kahn, 2004), we find it convenient to restrict our-
selves to the case of two subcenters. It should be clear, however, that the extension
to more SECs does not generate new major insights.

3.2 Firms

Technology in manufacturing is such that producing q(i) units of variety i requires a
given number φ of labor units and a plot of fixed size sf .12 Clearly, such a technology
exhibits scale economies. There are no scope economies so that, due to increasing
returns to scale, there is a one-to-one relationship between firms and varieties. Thus,
it must be that N = L/φ. The number of firms located (or varieties produced) in
12When a second sector is considered, we may assume that the production of q(i) units of variety

i requires mq(i) units of the immobile factor. Without loss of generality, we may then set m = 0.
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region r is such that nr = λrN .
Denote by ΠCr (resp., Π

S
r ) the profit of a firm set up in the CBD (resp., the SEC)

of region r. Let θr be the share of region r-firms located in the CBD of region r and,
therefore, by (1 − θr)/2 the share of firms in each SEC. When the firm producing
variety i is located in the CBD of region r, its profit function is given by:

ΠCr (i) = Ir(i)− φwCr − sfRCr (x) +A+Bλr − tfx (2)

where Ir(i) describes the firm’s revenue earned from regional sales and from exports,
wCr the wage prevailing in the CBD in region r, and R

C
r (x) the land rent to be paid

in the CBD at a distance x from its center.13

When the firm is set up in the SEC of the same region, its profit function becomes:

ΠSr (i) = Ir(i)− φwSr − sfRSr (
¯̄
x− xSr

¯̄
) +A+Bλr − tf

¯̄
x− xSr

¯̄−K (3)

where wSr and R
S
r (|x− xS |) are respectively the wage and the land rent in the SEC,

whereas the firm’s revenue and lot size are the same as in the CBD.

3.3 Workers

Each worker living in region r = 1, 2 consumes the same, fixed amount sh > 0 of
land, a variable quantity q(i) of variety i ∈ [0, N ], and a variable quantity q0 of the
numéraire. She is endowed with one unit of labor and q0 > 0 units of the numéraire.
The initial endowment q0 is supposed to be large enough for her consumption of the
numéraire to be strictly positive at the market outcome. Each worker commutes
to the closer employment center and bears a unit commuting cost given by th > 0,
so that a worker’s commuting cost is either thx or th

¯̄
x− xSr

¯̄
according to the

employment center. As jobs are equally distributed over each side of the CBD or of
the SEC, each worker chooses her location and evaluates her commuting cost with
respect to the center of the CBD or of the SEC. This implies that the wage earned
by individuals working in the CBD (or in the SEC) is the same.14

The budget constraint of an individual residing at x ∈ X in region r = 1, 2 and
working in the corresponding CBD can then be written as follows:Z N

0
pr(i)q(i)di+ q0 +R

C
r (x)sh + thx = w

C
r + q0

where RCr (x) is the land rent prevailing at a distance x from the CBD. The budget
constraint of an individual working in the SEC is obtained by replacing thx by
th
¯̄
x− xSr

¯̄
, RCr (x) by R

S
r (x), the land rent at a distance x of the SEC, and w

C
r by

wSr , the wage in the SEC.
13 In what follows, we assume that A − nrsf tf > 0, thus allowing firms in the CBD to benefit

positive spillovers regardless of its size.
14We see no evidence for a wage gradient defined over the CBD (or the SEC) and based on

distance variations.

11



Preferences over the differentiated product and the numéraire are identical across
workers and represented by a quasi-linear utility encapsulating a quadratic sub-
utility:

U(q0; q(i), i ∈ [0, N ]) = α

Z N

0
q(i)di− β − γ

2

Z N

0
[q(i)]2di− γ

2

·Z N

0
q(i)di

¸2
+q0 (4)

where α > 0 and β > γ > 0. In this expression, α measures the intensity of pref-
erences for the differentiated product with respect to the numéraire. The condition
β > γ implies that workers have a preference for variety.

3.4 Market structure

Solving the budget constraint for the numéraire consumption, plugging the corre-
sponding expression into (4) and taking the first order conditions with respect to
q(i) yields

α− (β − γ)q(i)− γ

Z N

0
q(j)dj = p(i) i ∈ [0,N ].

The demand for variety i ∈ [0,N ] by a worker living in region r can then be written
as follows:

qr(i) = a− bpr(i) + c
Z N

0
[pr(j)− pr(i)]dj i ∈ [0, N ] (5)

= a− (b+ cN) pr(i) + cPr
where pr(i) is the consumer price of variety i in region r,

Pr ≡
Z N

0
pr(i)di

is the price index of the industrial sector in region r, and where a ≡ α/[(β+(N−1)γ],
b ≡ 1/[β + (N − 1)γ] and c ≡ γ/(β − γ)[β + (N − 1)γ]. Parameter a expresses
the desirability of the differentiated product with respect to the numéraire and,
therefore, measures the total size of this market; b gives the link between individual
and industry demands: when b rises, consumers become more sensitive to price
differences. Parameter c is an inverse measure of the degree of product differentiation
between varieties; when c → ∞, varieties are perfect substitutes, whereas they are
independent for c = 0. These three parameters are independent of the region r.

Firm i faces a downward sloping demand in region r:

Qr(i) = λrLqr(i)

where qr(i) is given by (5). The consumer surplus of an individual living in region
r is then as follows:

Sr =
a2N

2b
− a

Z N

0
pr(i)di+

b+ cN

2

Z N

0
[pr(i)]

2di− c
2

·Z N

0
pr(i)di

¸2
. (6)
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As empirical evidence suggests that firms practice some form of spatial discrimi-
nation in pricing (Greenhut, 1981; Haskel and Wolf, 2001), we assume that markets
are regionally segmented so that each firm chooses a delivered price which is specific
to the region in which its variety is sold. By contrast, the price at which this variety
is sold within region r is the same at both the CBD and the SEC (if any) of this
region. Hence, the total revenue of firm i located in region r is given by

Ir(i) = prr(i)Qr(i) + [prs(i)− τ ]Qs(i).

Because there is a continuum of firms, each firm has a negligible impact on the
market outcome in the sense that it can ignore its influence on, and hence reactions
from, other firms. However, aggregate market conditions of some kind (here the price
index Pr) affects any single firm. This defines a setting in which individual firms are
not competitive (in the classic economic sense of having infinite demand elasticity)
but, at the same time, they have no strategic interactions with one another. Because
varieties are symmetric, all firms located in the same region charge the same price.
As shown by Ottaviano et al. (2002), the equilibrium prices are as follows:

p∗rr =
1

2

2a+ cτ(1− λr)N

2b+ cN
(7)

p∗rs = p
∗
ss +

τ

2
s 6= r. (8)

Hence, the equilibrium price prevailing in a region decreases with the number of
firms located there - the standard price competition effect of industrial organization
- but it also increases with a - a result that may be interpreted as a market size
effect, which is different from the home market effect (Ottaviano and Thisse, 2004).
Note that factor costs (land rent and wage) do not enter (7)-(8) and, hence, have no
direct influence the level of prices. However, they have the nature of an endogeneous
fixed cost and, consequently, have a negative impact on the number of firms λrN in
region r, whence an indirect positive impact on equilibrium prices.

The equilibrium revenue of a firm located in r is given by

Ir = λrLp
2
rr + λsL

³
prs − τ

2

´2
which in turn depends on the distribution of firms and workers between the two
regions. As firms’ prices net of trade costs are to be positive for any distribution of
workers, we assume throughout this paper that

τ < τ trade ≡ 2aφ

2bφ+ cL
.

This condition also guarantees that it is always profitable for a firm to export to the
other region.

To sum-up, we consider a general equilibrium model involving labor, land as well
as a differentiated product and a homogeneous good. Increasing returns at the plant
level are the agglomeration force and urban cost differential is the dispersion force,
which shape the geography of the interregional economy. At the city level, spatial
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benefits and communication costs act as agglomeration forces, whereas commuting
costs and land consumption by workers and firms are the dispersion forces. In the
next section, we study the city equilibrium within one region as the outcome of the
interplay between these various forces.

4 Decentralization Within a City

A city equilibrium is such that each worker maximizes her utility subject to her
budget constraint and each firm maximizes its profits. In particular, no firm has an
incentive to change place within the city, and no worker wants to change her working
place and/or her residence. In this section, we characterize such an equilibrium
taking as given the number of firms (nr) and the number of workers (lr ≡ λrL). For
notational simplicity, we drop the subscript r because no ambiguity may arise.

4.1 Equilibrium land rents

Each worker chooses her location so as to maximize utility given her wage and the
land rent in the metro; let ΨCh (x) and Ψ

S
h(x) be the bid rent at x ∈ X of a worker

located respectively in the CBD and the SEC. Similarly, ΨCf (x) and Ψ
S
f (x) stand

for a firm’s bid rents. Land is owned by absentee landlords who allocate their lot to
the highest bidder. Because there is only one type of firms and one type of labor,
at the city equilibrium it must be that

R(x) = max
©
ΨCf (x),Ψ

C
h (x),Ψ

S
h(x),Ψ

S
f (x)

ª
.

These functions are illustrated in Figure 2, where the following notation is used
(the value of these points is given in Appendix A.1 and A.2):

• xCf the right endpoint of the CBD;

• xCh the right endpoint of the residential area formed by those working in the
CBD

• xSh the left endpoint of the residential area formed by those working in the
SEC;

• xS the center of the SEC;
• xSf the outer limit of the SEC;
• zh the outer limit of the residential area formed by those working in the SEC.
Workers’ bid rent at zh is equal to zero.

Because of the fixed lot size assumption, at the city equilibrium the value of the
equilibrium consumption of the nonspatial goods

E =

Z N

0
p(i)q(i)di+ q0
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is the same regardless of the worker’s location (Fujita, 1989). Then, the budget
constraint of an individual residing at x ∈ X and working in the CBD may be
rewritten as follows:

wC − shR(x)− thx = E
Similarly, the budget constraint of an individual working in the SEC becomes

wS − shR(x)− th
¯̄
x− xS ¯̄ = E.

 

ΨC(0) 

ΦC(0) 

ΦS(xS) 

ΨS(xS)  

0      xf
C        zf                                                                   xh              xS xf

S              zh 

Figure 2. Urban equilibrium

As will be seen in section 4.2, the level of these wages is determined at the free
entry equilibrium in which profits are zero, i.e. ΠC(i) = ΠS(i) = 0 for each firm
located in region r = 1, 2.

At the city equilibrium, the CBD and SEC residential zones being contiguous, it
must be that xh ≡ xCh = xSh . Hence, the worker living at xh ≡ xCh = xSh is indifferent
between working in the CBD or in the SEC and the workers’ bid rents are just equal
to the opportunity cost of land (RA = 0) at xh:

wC − shR(xCh )− thxCh = wS − shR(xSh)− th(xS − xSh).

As R(xCh ) = R(x
S
h) = 0 at xh, we get:

wC − wS = th(2xh − xS). (9)

Thus, the difference in the wages paid in the CBD and in the SEC must compensate
the worker for the difference in the corresponding commuting costs. This wage wedge
is always positive.
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Using the expression of xh (see Appendix A.1) and the fact that the bid rent of
workers must be equal to zero at this point, we get:

ΨCh (x) =
1

sh

·
θth
2
(nsf + lsh)− thx

¸
(10)

where θ is the share of firms located in the CBD. The bid rent of the firms ΨCf in
the CBD is obtained as follows. The slope of this curve is −tf whereas ΨCf must be
equal to ΨCh at x

C
f :

ΨCf (x) =
1

sf

·
θsf
2
(ntf + thl)− tfx

¸
. (11)

Similarly, workers’ and firms’ bid rents around the SEC are maximized at xS and
intersect each other at xSf while the workers’ bid rent is zero at zh (see Appendix
A.2 and Figure 2). Starting from ΨSh(zh) = 0, for x > x

S we obtain:

ΨSh(x) =
1

sh

·
(1− θ)th

4
(nsf + lsh)− th(x− xS)

¸
. (12)

The bid rent of the firms set up in the SEC has a slope equal to−tf and is determined
by solving ΨSh(x

S
f ) = Ψ

S
f (x

S
f ), thus yielding for x > x

S:

ΨSf (x) =
1

sf

·
(1− θ)sf

4
(ntf + lth)− tf (x− xS)

¸
. (13)

It follows from (10) and (11) that the area around x = 0 is occupied by firms if
and only if

tf
sf
>
th
sh
. (14)

In other words, urban space is segregated with a “thick” CBD surrounded by a
residential area. When this inequality does not hold, the equilibrium is given by
a mixed configuration, as in Ogawa and Fujita (1980). Throughout this paper, we
assume that (14) holds.

Note that the households’ (resp., firms’) bid rentsΨCh (x) andΨ
S
h(x) (resp., Ψ

C
f (x)

and ΨSf (x)) in the CBD and the SEC are identical once the employment centers have
the same size. As there are two SECs around the CBD, this arises at θ = 1/3. The
gap ΨCh −ΨSh (resp., ΨCh −ΨSh) at any given x rises as the relative size of the CBD
increases.

4.2 Equilibrium wages and the city structure

Wages are determined by the zero-profit condition associated with free entry and
exit of firms in the city. Thus, setting (2) (resp., (3)) equal to zero, solving for wC

(resp., wS) and plugging the corresponding expression into (9), we get:

wC =
1

φ

·
I +A+Bλ− θsf

2
(ntf + lth)

¸
(15)
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and

wS =
1

φ

·
I +A+Bλ− (1− θ)sf

4
(ntf + lth)−K

¸
. (16)

Substituting (15) and (16) into (9) and solving with respect to θ yields:

θ∗ = min
½
1,
1

3
+
4K

3Λ

φ

l

¾
(17)

where we have set
Λ ≡ sf tf + (shφ+ 2sf )thφ

which increases in each of its parameters. 15

Observe that, in the limit case where K = 0, we have θ∗ = 1/3 because the
region is formed by three identical employment centers. In addition, everything else
being equal, when the number of firms rises, the relative size of the CBD decreases
(but its absolute size rises) whereas both the relative and absolute sizes of the SEC
rises.

As long as θ∗ < 1, the higher the communication costs, the larger the CBD. In
the same way, the lower the commuting costs (th) or the spatial decay parameter
affecting firms (tf ), the larger the CBD size. In the limit, the configuration becomes
monocentric when θ∗ = 1. This arises if and only if the size of the labor force l does
not exceed the threshold:

l ≡ 2φ
Λ
K. (18)

The lower the communication costs, the lower this critical value. Likewise, the larger
the land consumption by firms and workers, or the higher commuting or spatial decay
parameter, the lower the population size for which the city is monocentric.

Another way to obtain a monocentric city is to bound from above the commuting
cost: the city is always monocentric if and only if th does not exceed the threshold

t ≡ 2Kφ− sf tf l
l(shφ+ 2sf )φ

. (19)

Let

K ≡ sf tfL
2φ

(20)

so that t is strictly positive if and only if K > K. Hence, the city is always mono-
centric when communication costs are sufficiently large, thus implying that low com-
muting costs do not necessarily lead to a monocentric city.

We summarize the main results of that analysis in the following proposition.

Proposition 1 Assume that tf/sf > th/sh. When K/l > Λ/2φ, the city is mono-
centric regardless of the value of commuting costs. When Λ/2φ > K/l > sf tf/2φ,
the city is monocentric if and only if th ≤ t. Otherwise, the city is polycentric.
15 In particular, we see from (17) that increasing returns are needed (φ > 0) for a CBD to be

larger than each SEC.
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Observe that the urban equilibrium is always unique for a given population size.
This property of uniqueness will vanish when mobility between cities is accounted
for.

Computing the wage gap between the CBD and the SEC at the city equilibrium
from (9) yields

wC − wS = th(nsf + lsh)3θ
∗ − 1
4

≥ 0.
This wage gap decreases as the commuting costs fall; in the limit, wages are equal
when th = 0. The way workers split themselves between the CBD and the SEC is
reminiscent of a spatial competition model à la Hotelling in which the two centers
compete to attract workers instead of customers.

Finally, the indirect utility of an individual residing in region r and working in
the corresponding CBD is given by

V Cr (λr) = Sr + w
C
r − shR(x)− thx+ q0 (21)

where Sr is evaluated at the equilibrium prices (7)-(8). If she works in the SEC, her
indirect utility becomes:

V Sr (λr) = Sr + w
S
r − shR(x)− th

¯̄
x− xS ¯̄+ q0.

By assumption, when λrL workers live in region r, workers are distributed at
the city equilibrium such that

V Cr (λr) = V
S
r (λr) ≡ Vr(λr)

Likewise, when λrN firms are established in region r, firms are distributed at the
city equilibrium such that

ΠCr (λr) = Π
S
r (λr) = 0.

5 Decentralization in a System of Cities

Consider now our two-region setting in which workers (and firms) are free to choose
the region in which they want to be located. Let λ ≡ λ1 so that λ2 = 1 − λ. An
intercity equilibrium arises at 0 < λ∗ < 1 when the utility differential ∆V (λ∗) ≡
V1(λ

∗)− V2(λ∗) = 0, or at λ∗ = 1 when ∆V (1) ≥ 0, or at λ∗ = 0 when ∆V (0) ≤ 0.
By convention, when we consider an asymmetric equilibrium (λ 6= 1/2), we assume
that region 1 is the larger region, which means that λ takes its values in [1/2, 1].

When deciding whether or not to move, workers know if the cities of origin
and destination are monocentric or polycentric; they also know the land rent that
prevails in each one of them. Hence, in order to determine what an intercity equi-
librium is, we must consider the three forms that the utility differential governing
migrations may take. In the first one, both cities are polycentric. In the second, one
city is monocentric whereas the other is polycentric. In the last one, both cities are
monocentric. It is easy to see that the value of

ω =
l

L
=
2φK

ΛL
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is critical, where l is given by (18). Indeed, each of the above-mentioned configu-
rations is associated with a specific domain for the values of ω: (i) ω < 1/2, (ii)
1/2 ≤ ω < 1, and (iii) ω ≥ 1.

The most interesting situation arises in case (i) because it involves at least one
polycentric city. It is, therefore, fully developed in this section. By contrast, in case
(ii), at most one city is polycentric. Its detailed analysis is provided in Appendix B.
Case (iii) means that both cities are always monocentric, which has been considered
by Ottaviano et al. (2002).

In what follows, we determine the two forms that the utility differential ∆V (λ)
may take when ω < 1/2 (see Appendix B for the case ω > 1/2 ). In other words,
two types of spatial structure may prevail: both cities are polycentric (case A) and
one city is polycentric whereas the second is monocentric (case B).

Case A. Assume that both regions are polycentric (θ∗1 < 1 and θ∗2 < 1), so that
ω < 1/2 must hold. The corresponding equilibrium wages (wCr and w

S
r for r = 1, 2)

are such that all firms, located either in the CBD or in the SEC of each region, earn
zero profits (given, respectively, by (2) and (3)). More precisely, the equilibrium
wages in region 1 are given by

wC1 (λ) =
1

φ

·
I1(λ) +A+Bλ− (λNtf + λLth)

µ
sf
6
+
2K

3Λ

φ

λL
sf

¶¸
(22)

and

wS1 (λ) =
1

φ

·
I1(λ) +A+Bλ−K − (λNtf + λLth)

µ
sf
6
− K

3Λ

φ

λL
sf

¶¸
(23)

where

I1(λ) =
(bφ+ cL)L

4(2bφ+ cL)2φ2
©
[2aφ+ τcL(1− λ)]2λ+ [2aφ− 2τbφ− τcL(1− λ)]2(1− λ)

ª
is quadratic in λ; a similar expression holds for wC2 (λ) and w

S
2 (λ). In this case, the

utility differential is as follows:16

∆ppV (λ) = δpp(τ)(λ− 1/2) (24)

where

δpp(τ) ≡ ε1τ
2 − ε2τ +

Ω

3
+ 12(2bφ+ cL)2B (25)

with

ε1 ≡ −3(bφ+ cL)(6b2φ2 + 6bφcL+ c2L2) < 0
ε2 ≡ −12aφ(bφ+ cL)(3bφ+ 2cL) < 0
ε3 ≡ −6(2bφ+ cL)2(φsh + sf + 1)φ < 0
ε4 ≡ −6(2bφ+ cL)2 < 0

16Up to the multiplicative constant L/[6φ2(2bφ+ cL)2] which is the same in the three equations
of motion.
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and
Ω ≡ ε3th + ε4tf < 0.

which are all negative and independent of the communication costs K.

Remark. Note that, throughout this paper, we will encounter quadratic equations
that differ from (25) only in the independent term. They all have two real and
positive roots when the desirability of the differentiated good, measured by a, is
above a certain threshold. Unless explicitly mentioned, we restrict ourselves to such
cases.

Clearly, λ∗ = 1/2 is always an equilibrium, which is stable if and only if δpp(τ) <
0. This is so when τ falls outside the two real and positive roots τ−pp and τ+pp of the
equation δpp(τ) = 0 given in Appendix A.3 for the case where B = 0.17

Lemma 1 Assume that migration is governed by the utility differential ∆ppV (λ).
Then, the configuration formed by two polycentric cities is a stable equilibrium if and
only if τ < τ−pp or τ+pp < τ . Otherwise, the economy is formed by a single polycentric
city.

Consider now the case where B is positive. Formally, this is equivalent to assum-
ing that the independent term in (25) increases. Hence, as B rises, it is clear that τ+pp
increases and τ−pp decreases, thus implying that a single polycentric city emerges as
the unique stable outcome for a wider range of trade cost values. In addition, when
B takes a sufficiently large value, τ−pp becomes negative so that the economy never
returns to dispersion as trade costs fall. This is because the gains generated by the
spatial benefits always dominate those obtained by reducing urban costs through
the existence of a second city. All of this agrees with the intuitive idea that agglom-
eration is more likely when the intensity of spatial benefits augments with the size of
the agglomeration.

Case B. Assume now that city 1 is polycentric whereas city 2 is monocentric
(θ∗1 < 1 and θ∗2 = 1).18 This is consistent with both ω < 1/2 and ω > 1/2 (see
Appendix B for the case ω > 1/2 ). The equilibrium wages (wC1 , w

S
1 and w

C
2 ) are

such that no firm established in region 1 and located either in the CBD or in the
SEC of this region, or established in the CBD of region 2 is able to make positive
profits. More precisely, they are given by (22) and (23) for region 1 and by

wC2 (λ) =
1

φ

h
I2(λ) +A+B(1− λ)− sf

2
(tf (1− λ)N + th(1− λ)L)

i
(26)

for region 2, where

I2(λ) =
(bφ+ cL)L

4(2bφ+ cL)2φ2
©
(2aφ+ τcLλ)2(1− λ) + (2aφ− 2τbφ− τcLλ)2λ

ª
is quadratic in λ. We now have:

∆pmV (λ) ≡ δ1(τ)λ+ δ2(τ) = δ1(τ)

·
λ− −δ2(τ)

δ1(τ)

¸
(27)

17Those two roots are real and positive as long as ε22 − 4ε1Ω > 0.
18 In order to keep the analysis short, we focus on the sole case where B = 0.
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with

δ1(τ) ≡ ε1τ
2 − ε2τ +

2

3
Ω (28)

δ2(τ) ≡ −1
2

·
ε1τ

2 − ε2τ +Ω

µ
1− 2

3
ω

¶¸
. (29)

τ

1/2

ω−1

1

*λ

τ

+
ppτ

−
ppτ

+τ−τ +
1τ−

1τ

1δ

ppδ

2δ

Figure 3. The case where ω < 1/2.

The equation (27) has a steady-state given by λ∗ = −δ2(τ)/δ1(τ) if and only
if 0 ≤ −δ2(τ)/δ1(τ) ≤ 1. The condition 0 ≤ −δ2(τ)/δ1(τ) means δ1(τ) and δ2(τ)
have opposite signs. The condition −δ2(τ)/δ1(τ) ≤ 1 has two different implications
according to the sign of δ1(τ). First, when δ1(τ) > 0, −δ2(τ)/δ1(τ) ≤ 1 holds if and
only if τ fall inside the two positive roots τ− and τ+ of δ1(τ)+ δ2(τ) = 0 (which are
given in Appendix A.3). Second, when δ1(τ) < 0, −δ2(τ)/δ1(τ) ≤ 1 holds if and only
if τ fall outside the two positive roots τ− and τ+. In both cases, λ∗ = −δ2(τ)/δ1(τ)
is an equilibrium, which is stable if and only if δ1(τ) < 0. This in turn implies that
δ2(τ) must be positive. Accordingly, τ must fall outside the two positive roots τ−1
and τ+1 of δ1(τ) = 0 and outside the two positive roots τ−2 and τ+2 of δ2(τ) = 0
(which are given in Appendix A.3 and illustrated in Figure 3).

When ω < 1/2, the ranking of all these six roots is as shown in Figure 3. As a
consequence, for ω < 1/2, λ∗ = −δ2(τ)/δ1(τ) is a stable equilibrium if and only if τ >
τ+or τ < τ−. Stated differently, when τ− < τ < τ+ for ω < 1/2, λ∗ = −δ2(τ)/δ1(τ)
is not a stable equilibrium. When 0 < −δ2(τ)/δ1(τ) < 1 is an interior stable
equilibrium, the economy involves a polycentric city of size −δ2(τ)/δ1(τ) > 1 − ω
as well as a monocentric city of size smaller than ω.19 Indeed, (28) and (29) implies
19 Observe that this equilibrium changes with the value of trade costs.
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that −δ2(τ)/δ1(τ) > 1−ω, which is in turn equivalent to (1−2ω)δ1(τ) < 0. Finally,
this inequality holds when τ > τ+or τ < τ−. Hence, we have:

Lemma 2 Assume that migration is governed by the utility differential ∆pmV (λ)
and that ω < 1/2. The configuration formed by a polycentric city and a monocentric
city is a stable equilibrium if and only if τ < τ− or τ+ < τ . Otherwise, the economy
is formed by a single polycentric city.

Observe, finally, that δ1(τ), δ2(τ) and δ1(τ)+δ2(τ) are also described by parabo-
las, which have the same axis of symmetry at τ = ε2/2ε1 > 0 as (25) (see Figure
3). In particular, δ1(τ) and δ1(τ)+ δ2(τ) are both represented by concave parabolas
with a maximum at τ = ε2/2ε1, whereas δ2(τ) is represented by a convex parabola
with a minimum at τ = ε2/2ε1. It is readily verified that the following inequalities
always hold: τ+mm < τ+1 < τ+pp and τ+mm < τ+2 < τ+pp. Consequently, the pp-parabola
includes the parabola corresponding to (28).

The intercity equilibrium depends on the relative position of these four parabolas
through their respective roots. More precisely, when ω < 1/2, we have the following
ranking:

τ−pp < τ− < τ−1 < τ−2 < τ+2 < τ+1 < τ+ < τ+pp

These inequalities will be used below to describe the path followed by the economy
when trade costs decrease.

6 The Impact of Trade Costs

In this section, we consider the usual thought experiment of economic geography,
namely the impact of falling trade costs on the interregional distribution of activities.
In our setting, we may also consider the impact of decreasing trade costs on the
distribution of firms and workers within each city as the regional population changes.

6.1 The case for polycentricity

Consider first the case where ω < 1/2 and assume that B = 0 in (1).As long as trade
costs exceeds τ+pp, λ

∗ = 1/2 is a stable equilibrium, thus implying by Lemma 1 that
the economy is formed by two identical polycentric cities.

When τ falls just below τ+pp, the equilibrium λ∗ = 1/2 ceases to be stable. As a
result, λ rises up to 1 − ω, which implies that region 1 is larger than region 2. As
soon as λ exceeds 1− ω, the smaller city becomes monocentric and the equation of
motion is now given by (27). Since τ+2 < τ+1 < τ , we have δ1(τ) < 0 and δ2(τ) > 0
so that −δ2(τ)/δ1(τ) is positive but not necessarily smaller than 1. Then, the new
stable equilibrium is given by

λ∗ = min
½
1;
−δ2(τ)
δ1(τ)

¾
For τ belonging to the interval (τ+, τ+pp), the equilibrium is such that λ

∗ = −δ2(τ)/δ1(τ)
(Lemma 2). Furthermore, as τ decreases within this interval, λ∗ = −δ2(τ)/δ1(τ) in-
creases because
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∂(−δ2/δ1)
∂τ

=
2

3δ21
(2ε1τ − ε2)Ω(ω − 1) (30)

is negative as long as τ > ε2/2ε1. Hence, as trade costs fall in the interval (τ+, τ+pp),
the polycentric city grows whereas the monocentric city shrinks. When τ tends to
τ+, λ∗ tends to 1. Furthermore, over the whole interval (τ−, τ+), we always have
δ1(τ) + δ2(τ) > 0, which implies that λ∗ = 1 is a stable equilibrium. This means
that the entire population is concentrated within a single city, which is polycentric.

Similarly, when τ belongs to (τ−pp, τ−) the equation of motion remains (27) and
the equilibrium is given by λ∗ = −δ2(τ)/δ1(τ). Using (30), we see that λ∗ decreases
as τ falls, but remains larger than 1− ω. When τ < τ−pp, city 2 being monocentric,
we still have partial agglomeration within city 1, which is polycentric.

In the limit, when τ = 0 we have

λ∗(0) = −δ2(0)
δ1(0)

=
3

4

µ
1− 4φK

3ΛL

¶
which is larger than 1 − ω. The asymmetric urban structure remains a stable equi-
librium because firms and workers save on the communications that are associated
with the existence of two polycentric cities.

Proposition 2 Assume that ω < 1/2 and that the two cities initially have the
same size. When trade costs exceed τ+pp, the economy involves two polycentric cities
of equal size. Below this level but above τ+, agglomeration in city 1, which is poly-
centric, is partial but grows as τ falls, whereas city 2 is monocentric. When trade
costs take their values in the interval (τ−,τ+), there is complete agglomeration in
city 1. Below τ−, agglomeration in city 1 is again partial but it now shrinks as τ
decreases but the small city remains monocentric until τ = 0.

This proposition, illustrated in Figure 3, has several main implications. To start
with, it suggests that a gradual fall in trade costs gives rise to a bell-shaped curve
of spatial development. However, the path followed by the economy is such that
symmetry does not re-emerge (unlike what we will observe in the case where ω >
1/2). Specifically, agglomeration occurs over a wider range of values for the trade
costs. This triggers a hysteresis effect that now prevents the small city to recoup
all the activities it had when trade costs were high. Yet, the large city becomes
smaller when trade costs fall by a large amount, but retains a sufficiently large share
of the industry for the other city to keep its monocentric structure. Interestingly,
our equilibrium path does not exhibit any discontinuity: once the large city exists,
its size grows and shrinks smoothly while remaining polycentric. It is also worth
noting that an urban hierarchy emerges as an equilibrium outcome, whereas (partial)
agglomeration in one region is more likely to arise when the monocentric structure
is more difficult to sustain as an equilibrium.

In addition to the standard description of the interregional distribution of firms
and workers, our setting allows us to say how the internal structure of cities is
affected by the fall in trade costs. First, when the large city grows, the share of
firms located in its CBD decreases whereas both the absolute and relative sizes of
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the SEC rise (see (17)). In other words, secondary employment centers expand when
trade costs take intermediate values. Second, when the large city loses some of its
activities, its SEC appear to be more affected than its CBD, regardless of the value
of the communication costs.

For large values of trade costs, the symmetric configuration is not the only stable
equilibrium. There is another stable equilibrium in which one city is larger than the
other. As trade costs start falling from large values, the initially large city grows and
accommodates all activities once trade costs reach the value τ+pp because ω < 1/2
(see Lemma 1). This multiplicity of equilibria arises because a city can become
polycentric, thus allowing firms and workers to pay lower land rents.

6.2 The case for monocentricity

The argument to follow when ω > 1/2 is almost the same as in the foregoing. It is
developed in Appendix B and leads to:

Proposition 3 Assume that ω > 1/2 and that the two cities initially have the same
size. When trade costs exceeds τ+mm, the economy involves two monocentric cities of
equal size. Below this level but above τ−, the industry is fully agglomerated and the
economy has a single polycentric city. When trade costs are lower than τ−, the two
cities are monocentric and have the same size.

This proposition, illustrated in Figure 4, has two major implications. First, a
gradual fall in trade costs gives rise also to a bell-shaped curve of spatial devel-
opment, as in the foregoing. This process is triggered by a change in the urban
structure of one city from monocentric to polycentric, and vice versa. Second, ag-
glomeration arises over a domain larger than the interval (τ−mm, τ+mm) for which the
space-economy with two monocentric cities is an unstable equilibrium. Indeed, our
proposition shows that agglomeration is sustained over (τ−, τ+mm). The large city
is able to maintain its primacy because some of its activities are decentralized in
SECs. Stated differently, we have hysteresis in urban structure for trade costs that
are not too small. However, it vanishes when trade costs decrease by a sufficiently
large amount: the large region cannot keep its dominant position and complete
re-dispersion toward the smaller city occurs, the two cities becoming identical.
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Figure 4. The case where ω > 1/2.

7 The Interaction between Commuting and Communi-
cation Costs

As discussed in section 2, the existence of high commuting and/or communication
costs is one of the main reasons for the existence of polycentric cities as well as for
the relocation of firms away from large cities. It is, indeed, very costly for firms to
establish themselves within the CBD, so that firms (and workers) prefer to move
away either in the suburbs when communication costs have decreased enough, or in
a smaller city where wages are lower once trade costs have sufficiently declined.

In what follows, we restrict ourselves to the two polar cases in which communica-
tion costs are sufficiently high or low for each city to be monocentric or polycentric.
A full analysis requires long algebraic developments that would not add much to our
results. In particular, we show that identical variations in cities’ commuting costs
may drastically change the interregional distribution of activities. More precisely, as
long as communication costs are sufficiently high (or low) and/or the labor force is
sufficiently small (or large), we will see that the monocentric (or polycentric) struc-
ture of cities is unaffected by steadily decreases in commuting costs. Thus, when
changes arise in the space-economy, what is affected is the interregional distribution
between cities, not their intraurban structure.

7.1 The case of high communication costs

As a start, we consider the case in which communication costs are so high that both
cities remain monocentric regardless of the interregional distribution of the industry,
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that is, when λ varies from 1/2 to 1. In other words, we have θ∗(λ, th) = 1 for all
λ ∈ [1/2, 1], where θ∗ is given by (17). The most stringent case arises when λ = 1.
Cities are always monocentric when th ≤ t, where t is defined by (19) in which l has
been replaced by L. For that to be possible, we need K > K where K is defined by
(20).

When the two cities are monocentric, the utility differential expressed in terms
of the commuting costs is as follows:

∆mmV (λ) ≡ δmm(th)(λ− 1/2)
where

δmm(th) ≡ ε3th + (ε1τ
2 − ε2τ + ε4tf )

As usual, λ = 1/2 is an equilibrium, which is stable when δmm(th) < 0. Since
ε3 < 0, the stability of this equilibrium depends on the constant

Θm ≡ ε1τ
2 − ε2τ + ε4tf .

As in the foregoing, when Θm ≤ 0, that is, when τ is large or small, we have
δmm(th) < 0, so that dispersion with two monocentric cities prevails. By contrast,
when Θm > 0, that is, when trade costs take intermediate values, there exists a
positive threshold

tm ≡ Θm−ε3 > 0

such that δmm(th) < 0 (resp., δmm(th) > 0) if and only if th > tm (resp., th < tm).
We focus on the meaningful case of low commuting costs in which tm < t. As tm
increases with a whereas t is independent of a, this condition is satisfied when the
parameter a does not exceed the unique value of the threshold am for which

ε2τ = ε1τ
2 + ε3t+ ε4tf

holds:20 the market size parameter cannot be too large to sustain a system of mono-
centric cities. Otherwise, when a > am - hence tm > t - the industry is always ag-
glomerated in a single monocentric city. This form of extreme agglomeration arises
because the intensification of price competition that agglomeration brings about is
itself lessened by a sufficiently large market size effect (a > am).

The discussion above may be summarized as follows.

Proposition 4 Assume that th ≤ t. When trade costs take intermediate values, the
economy involves the agglomeration of the whole industry into a monocentric city if
one of the following two conditions holds: (i) th < tm or (ii) a > am. Otherwise,
the economy is formed by two monocentric cities.

Thus, if trade costs take intermediate values, the industry is agglomerated in a
single city when either commuting costs are very small (th < tm) or the market size
is sufficiently large (a > am). Note that decentralization within this city does not
even arise. In such a context, rising commuting costs or reducing trade costs leads
to the dispersion of industry under the form of two monocentric cities.
20Recall that ε2 is linear in a whereas ε1, ε3 and ε4 are independent of a.
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7.2 The case of low communication costs

Assume now that communication costs are sufficiently low for both cities to be
polycentric whatever the interregional distribution of the industry. In other words,
we have θ∗(λ, th) < 1 for all λ ∈ [1/2, 1]. The most stringent case arises at λ = 1/2.
Hence, if K ≤ K/2, then cities are always polycentric. Observe that the existence
of polycentric cities does not require any condition on the value of commuting costs.

In this case, the equation of motion (24) may be rewritten as follows:

∆ppV (λ) = δpp(th)(λ− 1/2)

where
δpp(th) ≡ ε3

3
th + (ε1τ

2 − ε2τ +
ε4tf
3
).

As δmm(th) and δpp(th) are almost identical, the argument is very similar to the
one developed in the foregoing section. The results are not necessarily symmet-
ric, however. Because the slope of δpp(th) is negative, the equilibrium distribution
depends on the sign of the constant

Θp ≡ ε1τ
2 − ε2τ +

ε4
3
tf

which exceeds Θm since ε4 < 0. Clearly, when δpp(th) < 0, dispersion with two
polycentric cities prevails. By contrast, whenΘp > 0 there exists a positive threshold

tp ≡ 3Θp−ε3 > tm > 0

such that δpp(th) < 0 (resp., δpp(th) > 0) if and only if th > tp (resp., th < tp). Hence,
the stable equilibrium is such that the industry is evenly distributed between two
polycentric cities of equal size when th > tp. As in the foregoing, when trade costs
take intermediate values, the entire industry is concentrated in a single polycentric
city if and only if tp > th.

Hence, we may state:

Proposition 5 When trade costs take intermediate values, the economy involves
the agglomeration of the whole industry into a polycentric city if th < tp. Otherwise,
the economy is formed by two polycentric cities.

When commuting costs are large and communication costs sufficiently low, firms
and workers alleviate the burden of urban costs by having two polycentric cities:
there is both dispersion and decentralization. In other words, the spatial organiza-
tion of the production of the differentiated good leads to the lowest level of urban
costs in the global economy. Here also, reducing trade costs leads to the dispersion
of industry, which now takes the form of two polycentric cities.

However, when commuting costs are not “too” large (th < tp) and trade costs
take intermediate values, the industry is agglomerated in a single polycentric city.
As in the foregoing, decreasing commuting costs fosters agglomeration. Yet, as tp
is larger than tm, agglomeration can be sustained as an equilibrium over a larger
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domain of commuting costs. This means that agglomeration is more likely to occur
when decentralization through the creation of secondary employment centers is taken
into account.

Before concluding, observe that Propositions 4 and 5 have two other important
implications. First, they imply that a fall in commuting costs in both cities fosters
agglomeration in a single city. To show it, define

CCh (th) ≡ shΨ
C
h (th) + thx

CSh (th) ≡ shΨ
S
h(th) + th(x− xs)

as the urban costs borne by workers when they are respectively located around the
CBD and the SEC. When cities are monocentric, it is readily verified that

dΨCf (th)

dth

¯̄̄̄
¯
θ∗=1

=
L

2
> 0

dCCh (th)

dth

¯̄̄̄
θ∗=1

=
L(sf + φsh)

2φ
> 0

when cities are polycentric (K < K), some tedious calculations also show that

dΨjf (th)

dth

¯̄̄̄
¯
θ∗∈[1/3,1)

> 0
dCjh(th)

dth

¯̄̄̄
¯
θ∗∈[1/3,1)

> 0 j = C,S

Hence, in both cases, when commuting costs fall, the land rents paid by firms and
the urban costs incurred by workers decrease. As a result, net wages increase in
both types of configurations because firms are able to offer higher wages, whereas
workers bear lower urban costs. Agglomeration in a single city may then arise for the
following reason. For a given utility level, as commuting costs decrease, more workers
and firms are willing to choose to locate in a given city. This larger concentration of
workers and firms makes the agglomeration forces stronger, which in turn increases
workers’ utility so that all workers may end up in the same city.

Second, Propositions 4 and 5 reveal that dispersion may prevail for intermediate
values of trade costs, provided that commuting costs are sufficiently large. Although
economic geography models typically predict the agglomeration of activities when
trade costs take intermediate values (Ottaviano and Thisse, 2004), this result tells us
how the level of commuting cost may change the entire space-economy, thus showing
how the local may affect the global.

8 Concluding Remarks

We have presented a model that shows how urban costs and trade costs may affect the
location of economic activities between and within cities. Historical evidence shows
that both trade and commuting costs have been decreasing since the beginning of the
Industrial Revolution. Thus, what matters for the organization of the space-economy
is the relative evolution of these two costs.

Our main conclusions may be organized around the following two ideas: (i) global
forces may affect the local organization of production and employment, whereas
(ii) local factors may well change the global organization of the economy. This
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interaction arises because the spatial decentralization of production and employment
may take different forms as either a single polycentric city or two monocentric cities
may emerge, thus yielding very contrasted economic landscapes.

Regarding the first idea, our thought experiment is about trade costs. When
trade costs decrease steadily, agglomeration emerges gradually and becomes the
more likely outcome. This is because the decentralization of jobs in a polycentric
city allows firms to pay lower rents and wages. This result agrees with the existence
of a huge megalopolis in which employment is decentralized in several centers that
all belong to the same urban region. Interestingly, such an outcome may still prevail
even when full dispersion is also a stable equilibrium, thus showing in a very neat way
the prevalence of hysteresis in urban structures. Yet, eventually, the agglomeration
becomes partial in that it loses jobs to the benefit of smaller cities. During this
process, the internal structure of the megalopolis changes gradually in that the
SECs first gain more jobs, whereas the CBD recovers some of its importance when
trade costs take very low values.

Concerning the second idea, we focus on commuting costs. When these costs
are high, the economic landscape is likely to be formed by cities having the same
size and structure, but trading different varieties. This may be so even when trade
costs take intermediate values. Unsuspectedly, when commuting costs decrease in
parallel, eventually one city becomes dominant. This is because urban costs become
sufficiently low for the benefits of agglomeration to be the stronger force. Once
communication costs are sufficiently low, a single large polycentric city may then
arise.

The interaction between the local and the global could be made more general
by embedding our model within a broader setting in which firms also trade with
the rest of the world, as in Krugman and Livas Elizondo (1996). Another line of
research worth investigating is to introduce different commuting and communication
costs across cities in order to study how local policies affect the global pattern of
location and trade.
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Appendix A

1. Given the share θ of firms located in the CBD as well as their land consumption
sf , it must be that:

xCf =
θnsf
2
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The value of xh may then be obtained by adding to xCf the size of the residential
area formed by the θl/2 individuals working in the CBD:

xh =
θnsf
2

+
θlsh
2

2. We have:

xS =
1 + θ

4
(nsf + lsh) xSf =

1

2
nsf +

1 + θ

4
lsh zh =

1

2
(nsf + lsh)

3. The equation δpp(τ) = 0 has two positive roots given by

τ−pp =
−ε2 −

p
ε22 − 4ε1Ω/3
−2ε1 and τ+pp =

−ε2 +
p
ε22 − 4ε1Ω/3
−2ε1

Likewise, the equation δ1(τ) = 0 has two positive roots given by

τ1 =
−ε2 −

p
ε22 − 8ε1Ω/3
−2ε1 and τ1 =

−ε2 +
p
ε22 − 8ε1Ω/3
−2ε1

whereas δ2(τ) = 0 has two positive roots given by

τ−2 =
−ε2 −

r
ε22 − 4ε1Ω

³
1− 4φK

ΛL

´
−2ε1 and τ+2 =

−ε2 +
r
ε22 − 4ε1Ω

³
1− 4φK

ΛL

´
−2ε1

and δ1(τ) + δ2(τ) = 0 has two positive roots given by

τ− =
ε2 −

r
ε22 − 4ε1Ω

³
1
3 +

4φK
ΛL

´
−2ε1 and τ+ =

ε2 +

r
ε22 − 4ε1Ω

³
1
3 +

4φK
ΛL

´
−2ε1

Appendix B. Proof of Proposition 3

Migration dynamics when both cities are monocentric. Assume that both regions
are monocentric (θ∗r = 1) so that 1/2 ≤ ω < 1 must hold. The equilibrium wages
are given by a bidding process in which firms compete for workers by offering them
higher wages until no firm can earn positive profits, given by (2), in the CBD of
either region. Formally, the equilibrium wage wC1 is given by (26). It is then readily
verified that the utility differential is now as follows:

∆mmV (λ) ≡ δmm(τ)(λ− 1/2) (31)

where
δmm(τ) ≡ ε1τ

2 − ε2τ +Ω+ 12(2bφ+ cL)
2B. (32)
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Clearly, λ = 1/2 is always an intercity equilibrium. As usual, this equilibrium is
stable if and only if δmm(τ) < 0. Assuming that B = 0, this is so when τ falls
outside the two real and positive roots of the equation δmm(τ) = 0 given by

τ−mm =
−ε2 −

p
ε22 − 4ε1Ω
−2ε1 and τ+mm =

−ε2 +
p
ε22 − 4ε1Ω
−2ε1

which exist in so far as a, is sufficiently large for ε22 − 4ε1Ω > 0 to be satisfied.
It is straightforward to check that the expressions (32) and (25) are described

by two concave parabolas, which have the same axis of symmetry at τ = ε2/2ε1 > 0
(see Figures 3 and 4). As the pp-parabola corresponding to (25) includes the mm-
parabola corresponding to (32), the domain of τ -values for which dispersion prevails
is wider when both cities are monocentric than when both are polycentric. This
already points to the fact that allowing for the decentralization of activities within
the same city fosters the agglomeration of firms in this city.

To sum-up:

Lemma 3 Assume that migration is governed by the utility differential ∆mmV (λ).
Then, the configuration formed by two monocentric cities is a stable equilibrium if
and only if τ < τ−mm or τ+mm < τ . Otherwise, the economy is formed by a single
monocentric city.

As in the section 5, when B rises, τ+mm increases and τ−mm decreases so that a
single monocentric city emerges as the unique stable outcome for a wider range of
trade cost values. Note also that the same increase in B makes the case of agglom-
eration lesser than in Case 1 because a polycentric city allows workers and firms to
bear lower urban costs.

Again, the intercity equilibrium depends on the relative position of these parabo-
las through their respective roots. It is readily verified that the following inequalities
always hold: τ+mm < τ+1 < τ+pp and τ+mm < τ+2 < τ+pp. Consequently, the pp-parabola
includes the parabola corresponding to (28), which itself includes the mm-parabola.
More precisely, when ω > 1/2, we have:

τ−2 < τ−1 < τ− < τ−mm < τ+mm < τ+ < τ+1 < τ+2

For ω > 1/2, λ = −δ2(τ)/δ1(τ) is a stable equilibrium if and only if τ > τ+2 or
τ < τ−2 . Stated differently, when τ

−
2 < τ < τ+2 for ω > 1/2, λ = −δ2(τ)/δ1(τ) is not

a stable equilibrium. When 0 < −δ2(τ)/δ1(τ) < 1 is an interior stable equilibrium,
the economy involves a polycentric city of size −δ2/δ1 > ω and a monocentric city
of size smaller than ω.

The impact of trade costs when ω > 1/2. When trade costs are above τ+mm, the
equilibrium λ∗ = 1/2 is stable and the two cities are monocentric and have the same
size (Lemma 3). Once τ falls below τ+mm but remains above τ−mm (see Figure 4),
∆mmV (λ) becomes positive so that λ rises because λ∗ = 1/2 is now unstable. As
soon as the value ω is reached, the utility differential changes and is now given by
∆pmV (λ), which is also positive so that λ keeps rising. Hence, λ∗ = 1 is the only
stable equilibrium (Lemma 2).

33



When trade costs are below τ− but above τ−1 , we have δ1(τ) + δ2(τ) < 0 and
δ1(τ) > 0 so that ∆pmV (1) < 0. This implies that λ∗ = 1 is no longer an equilibrium.
Because δ1(τ) > 0, region 1 keeps shrinking until the value ω is reached. Below this
value, the two cities become monocentric so that the equation of motion is given by
∆mmV (λ), which is also negative. This implies that the new stable equilibrium is
given by dispersion (Lemma 3). Hence, the economy involves two monocentric cities
once trade costs fall below the level τ−, as stated in Proposition 3.
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