
Del Gatto, Massimo

Working Paper

Agglomeration, Integration, and Territorial Authority
Scale in a System of Trading Cities. Centralisation
versus Devolution

Nota di Lavoro, No. 93.2004

Provided in Cooperation with:
Fondazione Eni Enrico Mattei (FEEM)

Suggested Citation: Del Gatto, Massimo (2004) : Agglomeration, Integration, and Territorial
Authority Scale in a System of Trading Cities. Centralisation versus Devolution, Nota di Lavoro,
No. 93.2004, Fondazione Eni Enrico Mattei (FEEM), Milano

This Version is available at:
http://hdl.handle.net/10419/117973

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your
personal and scholarly purposes.

You are not to copy documents for public or commercial
purposes, to exhibit the documents publicly, to make them
publicly available on the internet, or to distribute or otherwise
use the documents in public.

If the documents have been made available under an Open
Content Licence (especially Creative Commons Licences), you
may exercise further usage rights as specified in the indicated
licence.



This paper can be downloaded without charge at:

The Fondazione Eni Enrico Mattei Note di Lavoro Series Index:
http://www.feem.it/Feem/Pub/Publications/WPapers/default.htm

Social Science Research Network Electronic Paper Collection:
http://ssrn.com/abstract=534705

The opinions expressed in this paper do not necessarily reflect the position of
Fondazione Eni Enrico Mattei

Agglomeration, Integration, and
Territorial Authority Scale in a

System of Trading Cities.
Centralisation versus Devolution

Massimo Del Gatto

NOTA DI LAVORO 93.2004

MAY 2004
KTHC - Knowledge, Technology, Human Capital

Massimo Del Gatto, Faculty of Economics, University of Bologna



Agglomeration, Integration, and Territorial Authority Scale in a
System of Trading Cities. Centralisation versus Devolution

Summary
This paper emphasises the importance of the political-institutional dimension in the
understanding of the spatial distribution of economic activity. We introduce the notion
of Territorial Authority Scale, which refers to the degree of devolution (towards sub-
national tiers of government) involved in the authority to decide on Spatial Policy, and
propose a model of 'agglomeration in a system of cities' in which both intra-city trade
and inter-city trade are considered. Enriching both the literature on
integration/agglomeration and that on city size and formation, we show that: i)
devolution results in over-agglomeration (fewer cities, which tend to be over-sized) and
low welfare; ii) the higher the level of spatial (i.e. transport costs) and economic (i.e.
intensity of trade) integration, the higher is the magnitude of the inefficiency. From a
theoretical point of view, the paper represents an attempt to import, into geographical
economics, a 'scale approach', which is an established approach to the notion of space in
sociology.
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1 Introduction

An interesting debate on the relationship between socio-economic integration
and territorial structure of institutions (commonly addressed by the s.c. polit-
ical geography) is currently animated in sociology. A proliferation of studies,
emergent during the 1990s, refers to a greater or lesser extent to Lefebvre's
conception that the tension between global integration and territorial redi®er-
entiation results in a 'generalised explosion of spaces' (Lefebvre [48]). As high-
lighted by Brenner [17], the way of approaching the so called 'urban question' is
increasingly assuming the form of what Lefebvre [47] terms 'the scale question',
an issue strictly linked to the consideration of supraurban spaces, such as the
political-institutional tiers of government. This corresponds to a change in the
way in which the urban dimension is confronted in the literature: 'scale' rather
than 'functions'. Evidence of this process is the use of a series of expressions
aimed at summing up the idea: 'global-local interplay' (Dunford and Kafkalas
[25]), 'local-global nexus' (Peck and Tickell [54]), 'glocalization' (Swyngedouw
[69, 70]), 'glurbanization' (Jessop [42]).
Economic theory seems not to be interested by this tendency and the 'scale

question' appears to be almost totally neglected. What we would like to stress in
this paper is that the inclusion of a political-institutional dimension (supraurban
space) could o®er a further contribution to the comprehension of the spatial
distribution of economic activities. In particular, we show how the relationship
between agglomeration and integration can be better understood taking into
consideration the presence, or the absence, of a spatial planning system, together
with the tier at which the spatial policy is decided.
An initial reason for this thinking derives from the empirical literature pro-

duced to date. The attempts to test for the now famous, and widely accepted,
positive relationship between integration and agglomeration of activities do not
reach unequivocal conclusions, and a result commonly regarded as theoretically
robust have not yet been translated into a stylised fact. Instead, what seems to
be empirically robust is that an increase in concentration, related to a conspicu-
ous reduction in transport costs, is much more di±cult to ¯nd in Europe than in
the US1 (where it is evident in the correspondence of the large development of
the railway network which occurred between 1860 and 1930). Is it pure chance
that the relationship seems to be veri¯ed precisely where an authority explicitly
involved in spatial policies has never existed?
To cope with this theoretical lacuna, we focus on the degree of decentral-

isation, towards subnational tiers of government and/or local authorities (i.e.
'devolution')2, of the authority to decide (and co-ordinate) all those actions in-

1See, among others, Kim [43] for the US, compared with Knarvik et al. [44], BrÄulhart [15],
Hallet [33], BrÄulhart and Traeger [16] for the EU.

2The terminology we adopt is somewhat standard (see, for example, Davey [23]). We
intend decentralisation, latu sensu, as a transfer of decision making power; the concept of
devolution is instead restricted to the transfer of decision making power to representative
bodies with independent political accountability. This distinguishes the notion of devolution
from two other forms of decentralisation, in which we are not interested in this paper: the
transfer to lower echelons within the same organisational hierarchy (i.e. deconcentration), and
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tended to impact on the spatial distribution of economic activities: borrowing
the notion of 'scale' from sociology, we name it 'Territorial Authority Scale'
(TAS)3. Thus, Territorial Authority (TA) will be the authority to control the
size, and eventually the number, of cities. In economic literature, the issue has
been only occasionally addressed by those studies dealing with the formation of
cities as a problem related to that of optimality in city size.
From this point of view, two main paradigms can be highlighted: cities can

be thought of to form by self-organisation or through the action of large scale
city developers, driving the formation of cities and/or managing them after their
birth. The problem can be posed in the following terms. Optimality in city size
is strictly linked to the assumptions about the type of forces fostering agglom-
eration and, once accepted that "cities form in the economy because there are
scale economies in production" (Mills [50]), the mechanism through which cities
form becomes decisive with respect to the achievement of an optimal distribu-
tion of economic activities across cities. Moreover, the solution strictly depends
on the assumptions made concerning the origin of such scale economies. In this
regard, the literature divides again into two principal categories: IRS driven by
positive technological externalities; IRS driven by positive pecuniary externali-
ties. In the ¯rst case, externalities act at city level and not at individual level,
and this makes the hypothesis compatible with the existence of a competitive
equilibrium (Chipman [20]). In the latter, imperfect competition is introduced
using a Spence-Dixit-Stiglitz (Spence [64]; Dixit and Stiglitz [24]) speci¯cation
of the production (or utility) function. The practical consequence of using one
or other approach lies in the fact that, under perfect competition, a welfare
analysis is always possible and, thanks to the usual assumption of purely ex-
ternal negative congestion e®ects (Henderson [34]), optimal size is an intrinsic
result.
Thanks to these properties, the results available, in terms of the relationship

between optimal size and the mechanisms of city formation, are, in the case
of technological externalities, far richer than those available under pecuniary
externalities. Since Henderson [34], we know that cities are always oversized
when they form through self-organisation under perfect competition. We also
know, remaining with Henderson [34], that the presence of city developers4

corrects this form of market failure. Vickrey [73] shows that, in the absence
of city developers, a socially optimal equilibrium is still always possible if a

the transfer to separate legal persons under the same political direction (i.e. delegation).
3Though our attention is mainly focused on the territorial scale, rather than on the dis-

tribution of functions among di®erent tiers of government, our idea of TAS is very similar to
what Giordano and Roller [32], recognising the same lack of information (but providing only
a descriptive analysis of the evolution in Italy and Spain in order to draw some lessons for
the ongoing situation in England), call "relations between the city and the regional scale of
governance".

4Henderson adopted the notion of 'city corporations' but since Stiglitz [67, 68], the litera-
ture has used slightly di®erent terminology: 'city developers' or 'land developers' (Henderson
and Becker [36], Helsley and Strange [41]), 'large agents' (Henderson and Becker [35]). We
treat these de¯nitions as synonymous, since they all refer to perfectly informed organisms,
operating under perfect competition, and able to control the movement of people at local
level. For further considerations, see Wildasin [74]and Fujita and Thisse [31].
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perfectly competitive land market is included in the analysis. From this point of
view, the literature on city size intersects that which examines cities as providers
of local public goods. The Henry George Theorem is a point of reference in this
¯eld: given the level of expenditure on a pure public good (in a certain city), city
size is optimal when it maximises the utility level of all residents. The condition
of e±ciency is that the aggregate di®erential land rent (i.e. the sum of the land
rent in each location across the city, less the opportunity cost of land) equals
the public expenditure for the provision of the public good5: this is the size that
would be chosen by a CP. With local authorities, as highlighted by Fujita and
Thisse [31]6, an urban system is e±cient if, and only if, it constitutes a free-entry
equilibrium at city level, thanks to the fact that we can assume that the local
authorities capitalise all the losses resulting form the provision of public goods:
the presence of city developers operating in a perfectly competitive 'market of
cities' assures optimal size (see Henderson and Becker [35, 36]).7

On the other hand, the assumption of pecuniary externalities, though allow-
ing a better explanation of city formation in the presence of trade, has so far
prevented researchers from coping with welfare analysis. Thus, the agglomera-
tion models following the New Economic Geography approach (Krugman [45],
Krugman and Venables [46], Venables [72]), move in the self-organisation frame-
work, neglecting both the presence of a regulatory authority and the problem
of optimality8.
Collating these points, what we know at the state of the art is that city size

is surely optimum, without trade, in presence of a perfectly competitive land
market. In the absence of such a market, and still without trade, a su±cient
condition for optimality is that cities are formed by city developers acting in a
perfectly competitive 'market of cities'. Three considerations, representing the
main reasons for the present study, are in order.
First, what is the role of trade in this context? The above mentioned liter-

ature moves essentially in a homogeneous space, in which trade does not occur
neither within nor between cities. After Starret [65], in this case, and assuming
CRS at ¯rm level, an autarchic equilibrium is always possible, even when trans-
portation is costly. However, there is no trade in autarchy, and the consideration
of transport cost is completely useless (s.c. Folk Theorem of Spatial Economy).
If we assume some form of indivisibility in economic activity, the inclusion of
trade becomes unavoidable but in this case, with locally non-satiated prefer-
ences, there is no competitive equilibrium involving transportation, so that the

5For this de¯nition of the Henry George Theorem see Fujita and Thisse [31], Ch. 5. For
further details: Flatters et al. [27], Stiglitz [66], Arnott and Stiglitz [13].

6See their Proposition 5.2.
7To facilitate the comparison with our ¯ndings, a feasible lecture of the model we use

is to think at the intermediate goods Xi as local public goods. Every unit bene¯ts, in the
production of Y , of the variety of goods both in the city and in other cities, while transport
costs tell us the extent to which the goods are excludible. Owing to the fact each unit produces
one and only one public good, the decision about their optimal provision coincides with the
choice of the optimal city size. In this regard, the fact that the availability of land is assumed
unlimited corresponds to the assumption that sites do not capitalise its value.

8See, however, Ottaviano et al. [52] and related works.
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hypothesis of perfectly competitive markets must be abandoned (i.e. Spatial Im-
possibility Theorem). This is the main reason still keeping the literature divided
between theories dealing with city size with only technological externalities, with
a purely internal (to cities) dimension and a strong °avour of urban economics
(call them 'theory of cities'), and theories of agglomeration under pecuniary
externalities (widely named 'trade and location theory'), in which locations are
admitted to have commercial relationships but, since a competitive equilibrium
is never possible, the problem of optimality in respect of the mechanism of city
formation is not regarded at all.
The issue of trade is directly linked to another problem: though the no-

tion of 'system of cities' has been adopted (at least since Henderson [34]) by
the theory of cities, the extension to a more general context of more than one
city/region has not been fully realised, and very little work has been done in
terms of number and size of cities. The two issues are strictly correlated be-
cause we currently need a better comprehension of the role of inter-city trade
as a centripetal or centrifugal force. Abdel-Rahman and Fujita [3], providing
a uni¯ed framework for using either the former or the latter, show that, when
trade occurs within cities, technological and pecuniary externalities lead to dif-
ferent policy recommendations and to di®erent optimal city sizes, although the
aggregate production function they generate is the same. Therefore, that sort
of 'externality hunting' that characterised the literature in the past years should
now leave place to the study of what happens when we admit inter-city com-
mercial relationships, and the way to do that is to move the analysis into a
system of cities. The problem is currently addressed in two di®erent theoretical
contexts. On the one hand, there are models of a system of cities allowing for
inter-city trade. Anas and Xiong [11], in a model in which both manufactures
and services are admitted to be traded, focus on the e®ects on specialisation and
diversi¯cation of decreasing transport costs (showing that a lower cost of trading
manufactures favours a system of specialised cities, while a lower cost of trading
services favours a system of diversi¯ed cities), but do not analyse the level of
agglomeration neither in terms of number of cities (two city-industries are con-
sidered) nor in terms of city size. Tabuchi et al. [71], studying both number and
size of cities, obtain that in the early stages of an integration process we should
assist to increasing concentration in larger cities (with the smaller ones tend-
ing to disappear), while, in correspondence of su±ciently low transport costs,
further integration should determine deglomeration and creation of new cities.
On the other hand, a series of related contributes9 addresses the problem of the
number and size of countries, which can be viewed as an extensive version of
our problem. In particular, Alesina et al. [8] study the relationship between
economic integration and political disintegration, showing that a reduction in
transport costs and/or political trade barriers can be associated to an increase
in the number of nations.
The third consideration is the following: to what extent is the hypothesis of

9Cfr. Alesina and Spolaore [6]; Alesina and Wacziarg [9]; Alesina et al. [8]; Alesina [4];
Alesina and Spolaore [7]; Alesina et al. [5].
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perfect competition in the market of cities, in which city developers act, feasi-
ble? The assumption is probably dictated by the theoretical need to reproduce
the behaviour of a central authority or the presence of a perfectly competitive
market for land. If this is not the case, however, the hypothesis of perfect com-
petition in the market of cities seems to be not the best one: it implies that the
number of cities approaches in¯nity and that their size is irrelevant with respect
to the market. This reduces the cases we are able to deal with and prevents
the possibility of studying the phenomenon of agglomeration at a local/regional
level. To stress this point, it is useful, following Herrschel and Newman [39],
to distinguish between 'monocentric city regions' and 'policentric city regions'.
The former indicating a geography characterised by the presence of a dominant
metropolitan core, that reduces the role of the region to little more than its own
hinterland; the latter referring to the presence of more than one urban centre,
that assures a certain degree of competition among cities themselves. From this
perspective, a model of perfect competition in the market of cities could be
thought of as an appropriate representation of the relationship between state
and cities, if the number of these latter is su±ciently high, but a more suitable
hypothesis is needed in order to analyse both monocentric city regions and po-
licentric city regions, or even the state-cities relationship, when the number of
cities is not su±ciently large to justify perfect competition. Therefore, the de-
bate concerning the realism of the assumption that cities could form through the
action of city developers notwithstanding10, what seems relevant is the context
in which cities come to light: does a perfect competition market of cities exist?
In all the cases in which the answer is negative, we do require an alternative.
Our model heavily draws from Alesina et al. [8], but, for the reason ex-

plained, it is conceived to apply to a system of cities, and to stress the role
of trade in a local context, in presence of both technological and pecuniary
externalities. More in details, inter-city trade constitutes the vehicle through
which pecuniary externalities are carried across the system, while technolog-
ical externalities assure the presence of cities also if trade does not occur at
all. The concept of TAS is then used to investigate how the inclusion of a
political-institutional dimension (supraurban space) can enrich the understand-
ing of agglomeration. This is done contrasting two situations: the case in which
a central planner set both number and size of cities, and the case in which a
certain number of potential local planners decide the size of their own city, after
having unilaterally decided to form it. Finally, we investigate how a di®erent
TAS can in°uence optimality in equilibrium, a®ecting the relationship between
agglomeration and integration.
In this context, we ¯nd that TA devolution produces a sort of market failure

in terms of agglomeration: too few cities, and oversized, respect to the optimum
(proposition 3). We also show (proposition 4) that trade is chie°y responsible
for this result, and this is due to the fact it represents the vehicle used by
pecuniary externalities to spread over the system.
The rest of the paper is organised as follows. In sections 2 and 3 we present

10On this debate see Henderson and Mitra [37].
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the model and give a general solution. Then, we separately analyse the solution
under fully centralised TA (section 4) and devolution to local planners (section
5). Finally, we compare the two di®erent outcomes and expose our ¯ndings
concerning: i) the relationship between optimality of the agglomeration level
and TAS (section 6); ii) the way in which an integration process (through trade)
a®ects the relationship (section 7). Some conclusions and purposes for further
research are drawn in section 8.

2 The Model

2.1 Assumptions

Let our economy consist of a urban system whose economic basic units, called
sites, are grouped in cities. Sites can be thought of as homogeneous areas,
themselves made up of one or more individuals. The economy as a whole is
composed of an in¯nite number of potential sites, but only a certain number W
of them is currently developed.
Hence, city k consists of Sk sites, with 0 < Sk · W , and site i occupies an

area equal to Li units of land.
Both individuals and sites are equidistant and spatially immobile; as a con-

sequence, the system of cities, and cities themselves, do not shape according to
an explicit form: we simply assume that our geography coincides with a space
whose dimension is W ¡ 1.11 In such a world, spatial autocorrelation is con-
stant, while spatial concentration varies in accordance with the size of cities and
inversely to their number. Thus, in the symmetric case, the ratio of city size to
the number of cities (S=N) is an exhaustive measure of both concentration and
polarisation, even when size and number move in the same direction.12

11 This spatial structure should be equivalent (Abdel-Rahman [2]) to a system of circular
cities in a space assumed large enough to avoid overlapping.
12This may seem reductive in a model aimed at focusing on di®erent agglomeration out-

comes; nevertheless, this hypothesis is intended to enrich the analysis by allowing a de¯nition
of agglomeration in a multi-city case. In fact, at least two problems, concerning agglomer-
ation, arise in a multi-regional framework. In such a case: i) it is usually impossible to say
if agglomeration is rising or falling when the number of cities moves according to their size;
ii) from a spatial point of view, one should discern between "concentration" meant in the
sense of Gini, that is essentially an a-spatial concept (owing to the fact Gini and similar in-
dices are able to catch di®erences in terms of distribution of units among cities, but they are
not thought to catch changes in terms of physical distance among units), and "polarisation",
usually measured through spatial auto-correlation, a concept that grasps very well the idea
of spatial proximity, but is totally insensitive to di®erent city sizes, once the distance among
units has been set (see Arbia [12] for an overview). Both the problems are solved when sites
are immobile and equidistant. In this case the ratio of the size to the number of cities is
a su±cient statistic for all types of contextual changes in number and size, and the spatial
dimension of the model is reduced to the mere consideration of transport costs. This is of
some relevant importance, since it creates a common ground between two-regional models (e.g.
New Economic Geography) and multi-regional models (e.g. Tabuchi et al. [71]) in matters of
concentration and dispersion, so allowing a comparison of results in terms of agglomeration
obtained in di®erent contexts.
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With regard to production, two goods, both obtained under perfect com-
petition, are considered: a homogeneous ¯nal good Y , and an intermediate,
horizontally di®erentiated good X. The former is produced by each site but is
traded neither between sites nor between cities. The latter is used by all sites
as input in the production of Y and is provided by each site to all the others
in the following way: each site i produces one and only one intermediate input
using a speci¯c stock of an inexhaustible natural resource that permits to obtain
Ri units of intermediate goods. Each type of good X is therefore identi¯ed by
one and only one place of production; according to that, W represents both the
number of sites and the number (of types) of intermediate goods in our system
(overall variety), while Sk represents both the number of sites and the number
(of types) of intermediate goods in city k (within city variety).
In this setting, maximizing utility is the same as maximizing production (i.e.

consumption).
Site i production function for ¯nal good Y assumes the general form:

Yi = Ak(i)X
®
¢iL

1¡®
i with i 2 Sk(i) (1)

where: subscript k(i) refers to the city in which site i is located; X¢i is the total
amount of intermediate goods used by site i to produce Y ; Li is the amount of
land available for site i; Ak(i) incorporates di®erences in fundamentals at city
level (it will be broken up into two factors in section 2.2.1).
Intermediate goods enter the production of ¯nal good according to a stan-

dard CES:

X¢i =

0@ WX
j=1

x
1¡ 1

¾i
ji

1A
1

1¡ 1
¾i

(2)

with i 2 Sk(i); j 2 Sk; k = 1; : : : ; k(i); : : : ; N

where: xji is the amount of intermediate good produced in site j and used
in site i; ¾i > 1 is the elasticity of substitution among inputs.
In order to obtain a more tractable production function for ¯nal good Y , we

simply set ¾i = ¾ = 1= (1¡ ®), and call 0 < ® < 1 "degree of substitutability"
among inputs:13

Yi = Ak(i)

WX
j=1

x®jiL
(1¡®)
i (3)

13Concavity requires 0 < ® < 1; when ® ! 1, the elasticity of substitution tends to be
in¯nite (¾ !1) and the number of inputs is not relevant for the production of Y ; conversely,
when ® < 1, inputs are not perfect substitutes and the number of inputs can strongly in°uence
the production of Y . Note also that (3) is homogeneous of degree one; this means that the
amount of Y produced by each site in a competitive equilibrium is indeterminate. Owing to
the fact the model is here solved in the presence of planners, this is not in°uential: the problem
can be solved assuming that Y is produced by a single city/site, behaving competitively.
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with i 2 Sk(i); j 2 Sk; k = 1; : : : ; k(i); : : : ; N

2.2 Agglomeration forces

Concerning agglomeration forces, we assume the presence of technological e®ects
and pecuniary externalities.14 The literature clearly shows that the existence
of some form of IRS in production is a necessary condition for agglomeration
to occur. Either the assumption of only technological externalities (Henderson
[34]) or the assumption of only pecuniary externalities (Rivera-Batiz [58], Abdel-
Rahman [1], Fujita [28]) has been used to explain spatial concentration, however,
as noted by Ottaviano and Thisse [53], their relative importance depends on the
scale of the analysis: while at the level of cities (Anas et al. [10]) or industrial
districts (Pyke et al. [56]) it appears correct to use technological externalities, on
a larger geographical scale it seems opportune to include pecuniary externalities
(which also presents us with the intellectual advantage of opening the so called
"black-box" of technological externalities). In this respect, it has also to be kept
in mind that Abdel-Rahman and Fujita [3] have clari¯ed that agglomeration can
be obtained both under technological and pecuniary externalities, the unique
di®erence being in terms of
In a context such as that of a system of cities, it follows that each may play

a role in fostering agglomeration or deglomeration. This idea is imported in our
model using inter-city trade as the vehicle through which pecuniary externalities
spread over the system, and technological externalities in order to assure the
existence of cities also when inter-city trade does not occur at all. The reason for
this lies in our preference for a system of autarchic cities, in respect to a totally
dispersed economy, when the level of transport costs does not allow trade.15

2.2.1 Technological e®ects

Concentration at the local level is appealing thanks to "communication e®ects"
which are used, here as elsewhere, in the sense of Marshall16. However, our
technological e®ects are not regarded as external to sites and internal to cities17:
they directly enter the production function of ¯nal goods Y .

14According to Scitovsky [61], we adopt the notion of "technological externalities" to indi-
cate that the production in site i not only depends on the inputs it uses but also depends on
the inputs that other ¯rms use. On the other hand, we use the concept of "pecuniary exter-
nalities" referring to the fact that the pro¯t (not the production) of site i is itself a function of
production and inputs used by other ¯rms. The di®erence is crucial because the former acts
through non-market interactions, while the latter is expressed through market interactions,
such as prices and trade.
15In fact, as shown in section 7, we ¯nd that, with very low spatial integration, agglomeration

is ¯rst of all led by technological spillovers, and the role of the degree of substitutability among
inputs is much less determinant in fostering agglomeration.
16Cfr. "The mysteries of the trade become no mysteries [. . . ]" (Marshall [49], Book IV, Ch.

X, 3. Note, however, that Marshall's idea concerning externalities goes well beyond simple
communication e®ects.
17As it would be adopting a functional speci¯cation of the type introduced by Chipman

[20], that precisely corresponds to the marshallian concept of communication externalities.
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More in details, similarly to Ciccone and Hall [22] and Ciccone [21], we
assume that production in site i, in city k, is also a function of the density
of economic activity in that city, where density is de¯ned as the ratio of total
production of Y to the total area of the city (in terms of units of land).18

Going back to equation (3), the term Ak(i) can be used to incorporate this
idea simply setting:

Ak(i) = ¤k(i)

ÃPSk(i)
i=1 YiPSk(i)
i=1 Li

!¸¡1
¸

(4)

where positive e®ects operate if, and only if, ¸ > 1.
Equation (4) says us that the term Ak(i) consists of two ingredients. The ¯rst

- ¤k(i) - is the standard (Hicks - neutral) total factor productivity, incorporating
the so called "fundamentals" at city level. The second expresses technological
e®ects due to agglomeration in cities, which depends on the density of economic
activity (i.e. production) and ¸ (the parameter measuring technological e®ects
at site level).19 The two terms taken together tell us that cities whose produc-
tivity is higher (¤k(i) is bigger) are those who take the greater advantages from
concentration.20

2.2.2 Input-output linkages and trade

The other agglomeration force that we adopt are input-output linkages in pro-
duction.
The idea that an increase in the number of intermediate goods has a positive

e®ect on production (i.e. Love of Variety) has been widely used in agglomera-
tion theory under monopolistic competition, although in slightly di®erent ways.
Looking at equation (3), similarly to Rivera-Batiz [58], Abdel-Rahman [1], Fu-
jita [28] and other standard models, the number of inputs positively e®ects the
production of Y .21 However, di®erently from them and some others (e.g. Ven-
ables [72]), we assume perfect competition in the ¯nal good market, and this
implies that, apart from the degree of substitutability, centripetal forces directly
rely on the ratio of external on internal transport costs.
To introduce trade, we consider an open economy in which the transport of Y

is free (neither physical nor commercial barriers), while trade in inputs incurs

18Pioneer works about the e®ects of city size on productivity are Segal [64] and Moomaw
[51].
19Looking at Ak as a measure of productivity, the idea expressed in equation (4) is very

close to be a static and spatial version of Verdoon's low, in which productivity is a direct
function of a constant plus the total production.
20Note that with di®erent values of ¤k we would have a system of heterogeneous cities.

Though this could be of some interest, we will assume that ¤k is the same across cities;
besides making the solution easier, this permits the isolation of the e®ects of TAS, that is our
goal.
21This can be shown assuming that intermediate goods are priced symmetrically, so that

Pij = P 8j and 8i. In this case, the demand of each input is R=(WP ), that, once substituted

in equation (3), gives Yi = Ak(i)L
(1¡®)
i W1¡® (R=P )® with i = 1; : : : ; Sk. It is evident that

productivity increases with overall variety (W ), and the strength of this link relates negatively
to the degree of substitutability (®).
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iceberg transport costs µa la Samuelson [60]. The distinction between internal
and external transport costs matters as we assume that inputs are traded both
within and between cities: of one unit of good transported, only a fraction (1¡¿ )
gets destination if trade takes place within a city (home trade)22, while only a
fraction (1 ¡ ¯) reaches destination if trade involves sites located in di®erent
cities (external trade). Hence, the amount of intermediate goods that site i
receives, for Z units he bought, is (1 ¡ ¿ )Zii, in the ¯rst case, and (1 ¡ ¯)Zji,
in the latter.23

Considering that each site uses all the types of inputs available in the econ-
omy, and that all sites in a particular city receive the same amount of interme-
diate goods produced locally [(1¡ ¿ )Zii] and the same amount of intermediate
goods produced in other cities [(1¡ ¯)Zji], equations (3) can be rewritten as:

Yi = Ak(i)L
(1¡®)
i

(
Sk(i) [(1¡ ¿ )Zii]® +

X
k0
Sk0 [(1¡ ¯)Zji]®

)
(5)

with i 2 Sk(i); j 2 Sk0 ; k = 1; : : : ; k(i); : : : ; N ; k0 = fk j k 6= k(i)g

Thus, owing to the assumption of openness, production in city i also bene¯ts
from an increase in the number of sites in other cities. What makes concentra-
tion attractive is that, when ¿ < ¯, an increase in the number of sites internal
to the city where site i is located (Sk(i)) renders a larger number of inputs
available at lower transport costs. As it will be more clear in equation (17),
the two terms in curly brackets can be thought of as indexes of the relative
importance of home trade and export trade among sites, where transport costs
constitute the system of weights. An increase in Sk(i) means, in relative terms,
an increase in the use of locally produced inputs respect to the imported ones.
Imagine that a certain number of sites moves from city j to city i: this does not
e®ect overall variety, but renders more inputs subject to internal, rather than
external, transport costs. If the former are lower than the latter (¿ < ¯), the
production in city k(i) bene¯ts of this increase in within city variety.24 Coeteris
paribus, however, both an increase in Sk(i), the size of other cities being the
same, and an increase in the size of these latter (Sk), Sk(i) being the same, are
good news for city k(i), independently of the level of transport costs. Obviously,
localisation is irrelevant if ¿ = ¯ = 0.

22Referring to the circular structure we mentioned in note (11), this choice for the internal
structure of cities should be equivalent to the assumption of circular cities in which ¿ represents
the cost of commuting with the CBD.
23Note that ¯ could also be intended as a generalised measure of "political distance" (e.g.

protectionism, bureaucracy, etc.). To keep distinct the two aspects, Alesina et al. [8] propose
a multiplicative form: (1¡ ¯)(1¡ ±), where ± is meant as a measure of non-physical costs of
trade.
24Obviously, we assume that city k(i) is (enough) small respect to the system.
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3 Solution of the model

In order to obtain the demands for inputs, we use marginal cost pricing, accord-
ing to which it has to be:

Ak(i)L
(1¡®)
i ®(1¡ ¿ )®Z®¡1ii = Pii (6)

Ak(j)L
(1¡®)
j ®(1¡ ¯)®Z®¡1ij = Pij (7)

with i 2 Sk(i); j 2 Sk(j)

where Pii and Pij are the prices per unit of input i traded, respectively, within
the city and between di®erent cities. All sites belonging to the same city as site
i demand the same amount of intermediate good i, say Zii, and all sites (j)
belonging to other cities k 6= k(i) demand an amount equal to Zij . With no
price discrimination and tari®s of any kind, the price of input i has to be the
same wherever it is sold, so that Pii = Pij 8j.25 Therefore, from equations (6)
and (7), we have:

Zij
Zii

=

µ
Ak(j)

Ak(i)

¶ 1
1¡®

µ
1¡ ¯
1¡ ¿

¶ ®
1¡®

µ
Lj
Li

¶
(8)

Input i is also subject to the following resource constraint:

Sk(i)Zii +
X
k 6=k(i)

SkZij = Ri (9)

with i 2 Sk(i); j 2 Sk 6=k(i); k = 1; : : : ; k(i); : : : ; N

From (8) and (9), and setting the price of Y as the numeraire (PY = 1) we
can write the amount of each domestic input demanded by site i:

Zii =
A

1
1¡®
k(i) (1¡ ¿ )

®
1¡®LiRi

Sk(i)A
1

1¡®
k(i) Li(1¡ ¿ )

®
1¡® +

P
k0 Sk0A

1
1¡®
k0 Lj (1¡ ¯)

®
1¡®

(10)

with i 2 Sk(i); j 2 Sk0 ; k = 1; : : : ; k(i); : : : ; N ; k0 = fk j k 6= k(i)g

25That, under perfect competition, the price of goods in each location has to cover marginal
production costs plus transport costs is clear after Samuelson [60]. Since, in this way, transport
costs are supported by the customers, this is an assumption of mill pricing. Ottaviano and
Thisse [53] note that it is moreover a necessary condition for the absence of missing markets
in perfect competition.
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In the same way26, the amount of each input demanded by site i, but pro-
duced in other cities than city k(i) is:

Zji =
A

1
1¡®
k0 (1¡ ¯) ®

1¡®LjRj

Sk0A
1

1¡®
k0 Lj(1¡ ¿ ) ®

1¡® +
P

k00 Sk00A
1

1¡®
k00 Lq (1¡ ¯)

®
1¡® + Sk(i)A

1
1¡®
k(i) Li (1¡ ¯)

®
1¡®

(14)

with i 2 Sk(i); j 2 Sk0 ; q 2 Sk00 ;
k = 1; : : : ; k(i); : : : ; N ; k0 = fk j k 6= k(i)g; k00 = fk j k 6= k(i); k(j)g

Equations (10) and (14) provide the demand function for each input by our
generic site i; these demand functions can be used in equation (5) in order to
obtain the production of Y as a function of the size of cities in the system.
Before proceeding, however, we would like to make things simpler assuming
symmetry at level of sites and technology.
Concerning sites, let us assume symmetry within cities, and normalise values:

Li = L = 1; Ri = R = 1 8 i = 1; : : : ;W (15)

In this way, sites di®er only for being located in di®erent cities; this means
that subscripts refer now to every site located in a particular city.27

Concerning technology, let us impose symmetry in technology between cities :

¤k = ¤ 8 k = 1; : : : ; N (16)

26Analitically, for every input j we have:

Ak(j)L
(1¡®)
j ®(1¡ ¿)®Z®¡1jj = Pjj (11)

Ak(q)L
(1¡®)
q ®(1¡ ¯)®Z®¡1jq = Pjq (12)

with j 2 Sk(j); q 2 Sk(q)
and the following resource constraint for input j:

Sk(j)Zjj +
X
k 6=k(j)

SkZjq = Rj (13)

with j 2 Sk(j); q 2 Sk 6=k(j); k = 1; : : : ; k(j); : : : ; N

Referring to site i, we have equation (14).
27Two considerations are in order. First, when sites are equal even in terms of land that

they occupy, the production density in a city is constant and equal to yi=Li = Y=L (i.e. the
e®ect of density on output is the same both at site and city level). Second, assumption (15) is
not innocuous from the point of view of returns to scale. In fact, substituting (4) in (1) and
aggregating over all sites in city k(i), we have the following city production function for Y :

Yk = ¤kX
®¸
k;¢iL

1¡®¸
k;¢i , where subscript k; ¢i refers to the sum over all sites in city k. Under the

hypothesis that Li = L = 1 the number of sites a®ects (through ¸) productivity more than
proportionally, both in sites and cities.
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With this assumption, our cities have the same characteristics from a tech-
nological point of view, and they obtain exactly the same bene¯ts from concen-
tration.
Using (15) and (16), and substituting (4) in (5), equation (5) (i.e. the

production function of our generic site i) becomes:

Yi = ¤
¸fµI Sk(i)

[µISk(i)+µE
P

k0 Sk0 ]
®
+

+µE
P

k0
Sk0

[µISk0+µE
P

k00 Sk00+µESk(i)]
®
g¸ (17)

with i 2 Sk(i); j 2 Sk0 ; q 2 Sk00 ;
k = 1; : : : ; k(i); : : : ; N ; k0 = fk j k 6= k(i)g; k00 = fk j k 6= k(i); k(j)g

where, to save notation and to deal with a measure of "spatial proximity",
rather than "spatial separation", we set:

µI ´ (1¡ ¿ ) ®
1¡® ; µE ´ (1¡ ¯) ®

1¡® ; (18)

Equation (17) is the fundamental equation in the model and it will be used,
with the opportune speci¯cations, to determine the agglomeration outcome in
two di®erent cases: i) centralised territorial authority (section 4); ii) decen-
tralised territorial authority (section 5). This will permit the study of how a
di®erent hypothesis on TAS can determine divergences in terms of agglomera-
tion around our system of cities. Through computation, we obtain couples of
values (S,N) which (are not of interest per se but since they) indicate what type
of ine±ciency the devolution of the TA can cause on the spatial distribution of
economic activity, in particular when an integration processes is in act.

4 Optimal size and number of cities with Cen-
tralised Territorial Authority

In this section, we deal with the ¯rst-best solution under the hypothesis that
both size and number of cities are chosen by a central authority, that we call
Central Planner (CP). We assume the maximisation of a Benthamian social
welfare function:

V CP = yCP ¡ hCP (19)

where yCP =
PW

i=1 Yi, and h
CP is the CP's cost function, speci¯ed as follows.

Variety is costly: in addition to the cost that has to be sustained to create a
site, our economy is subject to costs related both to the number of sites in cities
and to the total number of sites in the system. More in details, we assume:

1. Site Cost - The creation of sites involves a ¯xed cost, in terms of units of
the ¯nal good, equal to Ã.
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2. Within city Variety Costs (WV CCP ) - Within city variety (i.e. the num-
ber of sites in single cities) implies costs that, in terms of units of the ¯nal
good, are more than proportional respect to the number of sites in the
city28:

WV CCP (Sk) =

NX
k=1

MS
¹

1¡¹
k (20)

where N is the number of cities and ¹ > 0:5, which we assume to be
the same across cites, is the parameter measuring the congestion due to
variety in cities. Hence, WV CCP are increasing and convex in S.

3. Overall Variety Costs (OV CCP ) - The system of cities as a whole is subject
to costs, in terms of units of the ¯nal good, that we assume more than
proportional respect to the total number of sites:

OV CCP (W ) = RW
½

1¡½ : (21)

where ½ > 0:5 is the parameter measuring congestion due to variety in the
system. Thus, OV CCP are increasing and convex in W .

Therefore, the CP's cost function takes the form:

hCP (N;W;Sk) = PW
½

1¡½ +

Ã
NX
k=1

MS
¹

1¡¹
k

!
N + ÃW (22)

Accordingly, the CP's problem would be a system ofN equations, as many as
cities, and N unknowns, i.e. the optimum dimension S¤k of each city. However,
N is itself unknown, thus we should ¯x the number of cities to solve the model,
so vanishing all our e®orts to determine size and number of cities endogenously.
To solve the puzzle, we use the following property of the model:

Proposition 1 Let it be S 2 (1;W ] the set of possible city sizes; if the produc-
tion function for the ¯nal good Y satis¯es conditions (15) and (16), and if the
resource constraint (9) is satis¯ed 8i (the available resources are fully used), a
CP chooses the size of cities symmetrically, i.e. Sk = S, 8k.
(Proof: see Appendix 1)
Proposition 1 allows us to rewrite (5) (the production function of site i) as:

Y = ¤¸ [(µI ¡ µE)S + µEW ]¸(1¡®) (23)

About 23, it is useful to highlight what follows:

Proposition 2 The production of Y is: i) increasing in W , ii) increasing or
decreasing in S, depending on whether it is µI > µE or µI < µE, iii) increasing
in µI , iv) increasing in µE

29, v) decreasing in ®), vi) increasing in ¸.

28As recognised by Sheshinski [63], congestion should be related to the density of population,
not to the population tout court. However, since each site occupies a ¯xed area Li = L, the
density is here constant and equal to 1

L
.

29Provided that is W > S. This condition is always assumed veri¯ed in what follows.
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Finally, the CP's problem becomes:

max
S;W

V CP =W¤¸ [(µI ¡ µE)S + µEW ]¸(1¡®) ¡RW
½

1¡½ ¡
³
MS

¹
1¡¹
´W
S
¡ ÃW
(24)

in which we used the fact that N =W=S. The problem is graphically shown in
¯gure 1.

5 Size and number of cities with Decentralised
Territorial Authority

In order to study the consequences of a di®erent TAS on the degree of agglom-
eration, we here consider the extreme case in which TA is completely devoluted
to local planners (LP); this means that LP in city k(i) has the authority to fully
and freely decide the size of that city.30

The ¯rst step to determine the equilibrium is to de¯ne an objective function
for each LP. As for the previous case, we use a Benthamian speci¯cation of
social welfare, but we now assume that each LP cares only about his own city,
so that the function he maximizes takes the form:

V LPk(i) = y
LP
k(i) ¡ hLPk(i) (25)

where yLPk(i) =
PSk(i)

i=1 Yi and h
LP
i is the cost function speci¯ed as follows

1. Site Cost - The creation of sites involves a ¯xed cost, in terms of units of
the ¯nal good, equal to Ã.

2. Within city Variety Costs (WV CLP ) - The level of variety internal to the
city implies costs, in terms of units of the ¯nal good, more than propor-
tional respect to the number of sites in the city:

WV CLP (Sk(i)) =MS
¹

1¡¹
k(i) (26)

where ¹, that we assume constant across cites, is the parameter measuring
congestion due to variety in cities. Setting ¹ > 0:5WV CLP are increasing
and convex in city size.

3. City-speci¯c Overall Variety Costs (OV CLP ) - The system of cities as
a whole is subject to costs, in terms of units of the ¯nal good, that we
assumed in section 4 more than proportional to the total number of sites

30As noted by Helsley and Strange [40], the notion of city developers (de¯ned as in note
4), is not equivalent to that of local governments, owing to the fact the former have not the
authority to impose a reduction in city size (they cannot induce people to leave the city they
live in). Our LPs do not identify themselves with local governments, since they do not have
any ¯scal authority, and cannot be merely thought of as city planners, since they are assumed
to have the authority to set city size. Latu sensu, however, they are both local governments
and city developers.
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(W ). Here we hypothesise that a single planner does not take into con-
sideration the cost for the system as a whole, but instead considers only
his own quote of this cost:

OV CLP (Sk(i)) = R

Ã
Sk(i) +

X
k0
Sk0

! ½
1¡½

(27)

where k0 = fk j k 6= k(i)g, and ½ > 0:5 is the parameter measuring
congestion due to variety in the system. Thus, also OV CLP are increasing
and convex in city size.

Thus, LP's cost function in city i is:

hLP = R

0@Sk(i) + X
k 6=k(i)

Sk

1A
½

1¡½

+MS
¹

1¡¹
k(i) + ÃSk(i) (28)

and his problem, i.e. the maximisation of (25) respect to Sk(i), can be written,
using (17) and (28), as:

maxSk(i);Sk0
V LPk(i)

¡
Sk(i); Sk0

¢
= Sk(i)¤

¸fµI Sk(i)

[Sk(i)µI+
P

k0 Sk0µE ]
®
+

+
P

k0 µE
Sk0

[Sk0µI+Sk(i)µE+
P

k00 Sk00µE ]
®
g¸ ¡

¡R ¡Sk(i) +Pk0 Sk0
¢ ½
1¡½ ¡MS

¹
1¡¹
i ¡ ÃSi (29)

with i 2 Sk(i); j 2 Sk0 ; q 2 Sk00 ;
k = 1; : : : ; k(i); : : : ; N ; k0 = fk j k 6= k(i)g; k00 = fk j k 6= k(i); k(j)g

The endogenous determination of size and number of cities requires the simul-
taneous solution of the problem (29) by all potential LPs. This process with
perfect information can be thought of as a two-stage game in which: in the
¯rst stage, all potential LPs decide whether or not to form a city; in the second
stage, those LPs who formed cities simultaneously choose the size of their own
city, given number and size of all the others.31 Therefore, the solution we are
looking for has the characteristics of a SPNE32 and can be found in the follow-
ing way, that corresponds to the determination of the equilibrium by backward
induction:

31Formally, the equilibrium is the solution of the game ¡ = [N; fSkg; fVk (¢)g] withN players
(the planners), in which k = 1; : : : ;N and Sk 2 (1;W ]. Pure strategies consist in choosing Sk
and the equilibrium in pure strategies is the set fS¤kg, formed by the N values of Sk satisfying

the following conditions Vj(S¤j ; Sk¡j) ¸ Vj(S
0
j ; Sk¡j) 8j = 1; : : : ;N and 8S0j 6= S¤j . With

perfect information, it is intended here that city j has a perfect knowledge of its payo® for
each combination (Sj ; Sk¡j).
32The solution should also be trembling hand perfect, since the objective function we cali-

brated is strictly concave.
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1. Impose zero pro¯t in all cities:¯̄̄
V LPk(i)(¢)

¯̄̄
= 0 8k = 1; : : : ; N (30)

2. Derive the ¯rst order condition for LP k(i):¯̄̄̄
¯dV

LP
k(i)

dSk(i)

¯̄̄̄
¯
Sk0

= 0 with k0 = fk j k 6= k(i)g (31)

3. Impose symmetry at level of cities in (30) and (31):

Sk = S 8k = 1; : : : ; N (32)

4. Solve the system (30) - (31) under symmetry.

The zero pro¯t condition (30) means free-entry at city level. Namely, this is
the condition for sub-game perfection: if N is given, since it is not pro¯table to
create new cities, and if each planner is already maximising his own social welfare
function, there are no cities interested in changing their size. Condition (31)
guarantees maximisation33 and represents the reaction function of the planner
in city k(i) to each Sk 6=k(i), once N has been determined. Condition (32) directly
follows from the symmetry in all the reaction functions, due to (15) and (16).
The system we calibrated is reported in ¯gure 2; and the solution can be

read in part (b).34

6 Agglomeration and TAS

The determination of the consequences of TA devolution in our system forms
the basis of the following examination. Within this, we compare the size and
number of cities obtained computing the CP's problem (24), that represent the
¯rst-best outcome, with the number and size that solve the system (30) - (31).
As we shall see, in the latter case the system is characterised by a lower level of
welfare. What we are interested in is whether this situation is associated with
higher agglomeration levels, compared to the optimum; if yes, we also would
like to know what is the relative change in terms of size and number of cities.
Table 1 reports the ratio of the decentralised to the centralised solution for

the following variables: size of cities - i.e. within city variety - (S), total number
of sites - i.e. overall variety - (W ), number of cities (N), agglomeration index
(Aggl:), per capita welfare (Vpc). The agglomeration index is calculated as S=N
and Vpc is, in both cases, the ratio of the value function to the total number of
sites.

33SOCs are fully satis¯ed, thanks to the concavity in S of (29).
34With regard to note (31), the calibration is intended to satisfy the existence of a subset

fSkg 2 fSkg, nonempty, convex and compact (in <1), such that: i) Vk(Sk) is continuous and
quasiconcave; ii) Vk = 0 8k (free-entry condition).
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Beginning with the last column, the level of Vpc that the system is able
to reach with a decentralised TA is, as expected, lower in respect to the op-
timum. The other columns help us in understanding the nature of this form
of ine±ciency. The economic activity is much more agglomerated than with a
centralised authority (the agglomeration index is more than thirteen times those
of ¯rst-best) and the over-agglomeration is characterised by a lower number of
cities, whose size is too large respect to the optimum. Moreover, the economy
as a whole is less developed under devolution, as can be argued looking at the
total number of sites. In other terms, the overall variety tends to lower if it is
managed by local authorities. This is due to the fact that they tend to aug-
ment the variety level in their own city, where it becomes excessive; this form of
competition also provokes a welfare-reducing decrease in the number of cities.
It has thus been shown that:

Proposition 3 Coeteris paribus, and respect to the (¯rst-best) centralised out-
come, TA devolution results in: i) lower social welfare; ii) excessive agglom-
eration, characterised by a smaller number of cities, which also result to be
over-sized (excessive within cities variety); iii) smaller number of sites in the
economy (insu±cient overall variety).

To understand completely why the former result occurs, and, in particular, to
grasp the causes of over-sizing, consider35 an already developed system of cities,
in which city k(i) decides to increase the number of sites. The consequences of
this unilateral decision can be analysed by observing equation (29). Initially,
examine the e®ects of an increase in Sk(i) on internal sites (sites located in
k(i)). A ¯rst positive e®ect comes from the so called love of variety: a larger
number of inputs is now available for the production of Y . The increase in the
¯rst term in curly brackets indicates an increase of the relative importance of
home trade respect to external trade; this e®ect is ampli¯ed by the presence of
technological externalities (¸). Conversely, a negative e®ect arises owing to the
higher congestion costs the increase in Sk(i) produces. If positive e®ects must
more than compensate for negative ones, a city planner manifests the will to
increase the number of sites. Let us go now to the e®ects of this choice on each
other city, that can be read as the e®ect of a change in Sk0 on V

LP
k(i) . As before,

a larger number of inputs is now available to produce Y ; this is a good news
for all sites and it causes an increase in external trade respect to internal trade.
As before, technological externalities intervene in amplifying this positive e®ect
and congestion costs (for the part of variety costs that does not depend on the
choices of city planner k(i)) intervene in contrasting it. Pecuniary externalities
arise due to the fact that city planner k(i) does not take into consideration these
latter e®ects on all the other localities, when it decides to form the city. However,
if bene¯ts dominate costs, the presence of positive externalities should lead to a
system of under-sized cities. The reason of the over-agglomeration is that both
the number and size of cities are free to change and endogenously determined:

35Though the following is not a rigorous explanation of Nash equilibrium, it can successfully
accommodate the idea of over-sizing.
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when city planner k(i) realises that other cities are so small that its existence
is no longer pro¯table, it is faced with two choices: to leave the system or to
increase unilaterally the number of sites. Both these possibilities lead to an
increase in the agglomeration around the system and, under symmetry, this
process stops only when S is large enough to assure that no cities want to leave
the system.
As a remark, note that the ¯nal outcome in terms of agglomeration directly

mirrors the assumption concerning the structure of the market in which cities
form. Our ¯ndings, derived under the hypothesis of an oligopolistic market
for cities, diverge substantially from those obtained by other studies assuming
perfect competition.36 In particular, in contrast with Henderson and Becker
[35, 36], our city size is not optimal when cities form through the action of LPs.
This is due mainly to the fact that the oligopolistic structure of the market
allows the presence of pecuniary externalities, so that each planner does not
take into account the e®ect of his choices (about city formation and city size)
on the others. This given, in the next section we show that the magnitude of
over-agglomeration results to be positive correlated to the intensity of trade.

7 Trade, agglomeration and TAS

The following section deals with the study of how trade can a®ect the relation-
ship on which we focused in the previous section. First of all, however, we have
to spend some lines on the channel through which it manifests its in°uence on
the agglomeration process.
As said in section 1, the literature on the spatial distribution of economic

activities can collected in two main categories: theory of cities, and trade and
location theory. It is generally agreed that the former focuses on purely internal
(to cities) agglomeration forces, while the latter mainly addresses the role of
the external dimension, which directly relies on trade. It would be our wish
to stress the fact that this is a very delicate issue in a system of cities, where
there are commercial relationships both within and between cities. In this case,
neither the theory of cities nor the trade and location theory provides a satis-
fying theoretical basis for dealing with agglomeration. In particular, the very
problem with the trade and localisation approach is that, without introducing
some restrictions on parameters (such as the 'no black holes condition' in Fu-
jita et al. [30]), there are no endogenous limits to concentration. Moreover,
one need to assume (Puga [55]) a certain degree of spatial immobility, in order
to obtain dispersion in correspondence of high levels of economic integration.
Thus, though the relevance of trade in fostering agglomeration is evident, its
role in determining dispersion relies only on the e®ect that an increasing con-
centration has on pro¯ts, through competition (the so called market crowding
e®ect). In our model, we assume that each locality either derives some advan-

36Another attempt to provide "an alternative" to the perfect competitive market for cities is
in Henderson and Thisse [38]. They demonstrate that, without perfect competition, a system
of cities can still be obtained if developers behave strategically.
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tage, or disadvantage, from the characteristics of others: if the number of goods
available in a city increases, all the other cities with which it has commercial
relationships can bene¯t from this. This is exactly what a reduction in external
transport costs determines: it renders imported goods less expensive, a thing
that no doubt represents an incentive against the attraction of new ¯rms (pro-
vided that within city trade is not interested by the same tendency). This is the
reason for which we place some emphasis on specifying whether transport costs
are the cost to provide goods to other cities, or simply to other units located in
the same city.37

These arguments are of some relevant importance for the relationship be-
tween trade and agglomeration in our model. To understand why, recall from
section 2.2.2 that pecuniary externalities depends on the relative importance of
internal and external trade, and note that, owing to the fact that commercial
relationships can now play both the role of fostering agglomeration and that of
fostering deglomeration (depending on variations of the ratio of external on in-
ternal transport costs), pecuniary externalities themselves can now be thought
of to contain both elements working in favour of concentration and elements
working against it, even in correspondence of very low external transport costs.
From this perspective, the model provides a probably interesting extension

of Abdel-Rahman and Fujita [3]. Limiting the analysis to the commuting costs,
they show that, both under the hypothesis of technological externalities and love
of product variety (monopolistic competition model), the city size determined
by the market is excessive in respect to the optimum (i.e. the size that would
be chosen by a central authority). Their idea is here extended in the following
direction: though we do not deal with the market solution, we show that, in the
presence of trade among cities, the city size set by autonomous local planners
is surely excessive in respect to the optimum.
In this context, an integration process is described by a decrease in external

transport costs. To isolate its e®ect on the agglomeration process, we assume
zero internal transport costs (¿ = 0) and solve the model, in correspondence
of the whole range of external transport costs (0 < ¯ < 1), both with fully
centralised TA and with decentralised TA. Then, we contrast the two outcomes
calculating the ratio of the latter on former solution. Our results are shown in
¯gure 3, and the ratios for the three key cases of low, intermediate and high
values of ¯ are also reported in table 4. The following statement constitutes the
main ¯nding:

Proposition 4 Coeteris paribus, a positive relationship between (spatial and
economic) integration and ine±ciency of TA devolution arises.

Proposition 4, where the term 'ine±ciency' refers to Proposition 3, says us
that the lower the external transport costs (spatial integration), and the more
intense the external trade (economic integration)38, the higher is the level of

37Relevant 'food for thought', related to such a way of looking at trade, is provided by
Ethier [26].
38Note that, owing to the fact that each site provides a certain type of intermediate good to
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over-agglomeration (i.e. over-sized cities + too few cities) and the smaller is the
total number of sites in the system, thus less social welfare is provided. The
reason for Proposition 4 is clear: we are considering a system of 'open' cities.
Mindful that in section 6 the principal reason for the over-agglomeration has
been identi¯ed in the presence of pecuniary externalities, and mindful that these
latter are positively related to commercial relationships among sites in di®er-
ent cities, it follows that the more integrated the economy, the higher are the
external e®ects caused by city k(i), on each other city, by increasing its size.
At the limit, when the level of trade costs does not allow trade inter-city trade,
this form of external e®ects vanishes and the solution tends to be optimal. This
is evident looking (table 4) at the case in which ¿ = 0 and ¯ = :986, that is a
system of autarchic cities. In this case the decentralised solution coincides with
the centralised one and agglomeration is uniquely driven by technological ex-
ternalities. This latter issue can be argued from the sensitivity analysis relative
to ¸: for (¿ = 0; ¯ = :986), the agglomeration level in the decentralised case
rises from 4.7 up to 11 when ¸ goes from 1.5 to 1.8, and from 4.7 to 7.6 in the
centralised case.
Moreover, note that the negative relation between concentration and trans-

port costs that is usually found in location theory, is no longer true in this
model; that is, it is found to apply when referring to the cost of within-city
trade, but not when referring to external trade. In fact, arguing from the com-
parative static reported in tables 2 and 339, a fall in ¿ leads to higher levels of
agglomeration, together with higher values of S, W , while the number of cities
shrinks. A fall in external transport costs, instead, results in lower levels of
agglomeration. In detail, it provokes an increase in both the number of cities
and the total number of sites in the system, while city size follows a di®erent
path depending on the assumption on TAS: in the centralised case, a decrease
in ¯ results in a decrease in city size, while the reverse occurs under decentral-
isation. Note that this is the main reason for the divergence between the two
agglomeration outcomes underlined in Proposition 4. Why this happens, can
be understood by focusing on the way in which the two di®erent types of plan-
ners regard the cost to carry goods around the system. The centralised planner
perceives transport costs as a weight for the economy as a whole and reacts to
a decrease in external transport costs, attempting to minimise their impact on
each site. The best way to do this is to favour external trade, reducing city size
and increasing the number of cities, so lowering the agglomeration level. LPs
perceive only their own part of transport costs and react to a fall in trade costs
trying to maximise welfare in their own city; the number of sites rises owing to
the fact the reduction in transport costs also increases pro¯ts in each city. For
the same reason, the number of cities increases as well, but in such a manner
(more than city size) that the level of agglomeration decreases.

all the others, economic integration (i.e. the intensity of commercial relationships) is strictly
re°ected in the level of transport costs.
39For completeness, table 2 and 3 report the comparative static for all the other parameters,

but a detailed analysis of them is beyond the scope of our investigation. Any detail, together
with the sensitivity analysis, will be provided on request.
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8 Conclusions

We have focused on the territorial structure of institutions in order to point out
its relevance to a better understanding of the relationship between the process
of socio-economic integration and the phenomenon of agglomeration. From a
theoretical point of view, this paper represents an attempt to confront the spa-
tial distribution of economic activities following a "scale approach". This way
of thinking the local dimension is directly borrowed from sociology, where it
represents an established approach to the notion of space. The core concept
lies in a question posed by Lefebvre [48], wherein the 'tension between global
integration and territorial redi®erentiation results in a "generalised explosion of
spaces" in which the relations among all geographical scales are continuously
rearranged and reterritorialised' (Brenner [17]). Among the numerous inputs
that such an interpretation of the s.c. globalisation o®ers to economic theory,
we have focused on the fact economic change impacts on space, creating new
institutional challenges (Herrschel and Newman [39]). According to this the-
sis, a process of 'rescaling' the arrangement of the state would be associated
to globalisation; including changing boundaries of governing institutions, shift-
ing territoriality in governance, and changing responsibility between established
and newly emerging government levels. There is no unanimous consensus as
to the desirability of such a process. The s.c. 'New Regionalism', for example,
stating 'that the "national economy" is spatially di®erentiated and that local
economic regions are the crucial units for focusing analysis and policy' (Barnes
and Ledebur [14]), asserts that having the 'right institutions' creates economic
advantages. On the other hand, Brenner [18] notes that 'responses to changing
economic geographies and sociospatial characteristics appear to favour a shift
away from centralised structures towards multicentric power structures'; fur-
thermore, Herrschel and Newman [39] note that such a rescaling process risks
to determine 'a loss in coherence and e±cacy of policies and governance, with
a growing danger of competition between a multitude of institutions'.
The model proposed here provides an analytical basis for dealing with the

various spheres involved in such a process, using the notion of 'scale' to merge
this theoretical background with that typical of economic analysis.
As already noted, the sociological notion of space refers to an intricate set

of physical and social spheres and to the complexity in which they intertwine.
According to this de¯nition, an integration process no doubt impacts on space.
The evaluation of the economic aspects of this impact requires, however, a
de¯nition of space that is suitable for modelling. This poses a problem of scale
from at least two points of view: the territorial dimension (urban space), and
the political-institutional dimension (supraurban space).
To cope with this problem, we moved in a multidimensional space whose

dimension is determined by the number of individuals; in this context, transport
costs fully approximate physical distance and an integration process is de¯ned
as a progressive fall in transport costs. We then circumscribed the analysis to
a system of cities, in which trade occurs both within cities (internal trade) and
between cities (external trade), and the volume of trade is a direct function of
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transport costs, hence an integration process is always also a process of economic
integration. Finally, in order to take the supraurban space into consideration,
we introduced the notion of TAS, which in general refers to the tier at which
the spatial policy is set.
Thus, the economic debates to which this paper may contribute are those

concerning: i) the relationship between integration and agglomeration; ii) opti-
mal city size.
Concerning the former, one of the main messages provided by the literature

is the identi¯cation of the now famous negative relationship between transport
costs and agglomeration, which relies broadly on external centripetal forces
related to trade. However, this literature largely neglects the second debate,
that on the optimal agglomeration level, an issue which, on the contrary, is
widely addressed by the literature on city size, which, conversely, may be said
to neglect the role of commercial exchanges in determining the convenience in
shaping the geography of activities.
In this paper, we merged these aspects, looking at the optimality of the

agglomeration level, in a system of trading cities, associated to two extreme
cases of TAS, and investigating the e®ects, on the agglomeration, of (spatial
and economic) integration.
We found that the risks highlighted, among others, by Brenner [18] and

Herrschel and Newman [39] seem to be not groundless. In particular, we show
that a TAS characterised by a high level of devolution (i.e. a rescaling of the
arrangement of the state towards subnational tiers of government) leads to sub-
optimal agglomeration levels: fewer cities, which also results in them being
over-sized and having a lower level of economic development together with a
lower level of individual welfare (Proposition 3).
With respect to the integration process, we obtained that, if the level of com-

mercial exchanges can be thought of as directly mirroring the degree of transport
costs (spatial integration), the integration level (thus, the amount of trade) can
be shown to be principally responsible for the above result (Proposition 4).
This suggests that the role played by the territorial structure of the institutions
in shaping the spatial distribution of economic activities grows alongside the
process of socio-economic integration.
A further result is that the negative relationship between agglomeration and

transport costs is no longer of consequence when we assume the presence of
an authority involved in spatial policy. In our model, a fall in transport costs
is associated, in equilibrium, and in both the cases analysed, to a decrease in
agglomeration.
A way to reconcile our ¯ndings with existing theory on agglomeration and

integration is to consider that, if we accept the idea that more integration is
associated with more concentration in certain localities, we also have to accept
the idea that giving more power to those localities may lead to further agglomer-
ation, promoting the position of the already developed centres and determining
a progressive loss of importance of the smaller or less developed areas (i.e. the
periphery).
According to this, a row test for our results probably lies in the empirical
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¯ndings on the relationship between transport costs and concentration in the
EU and the USA40. A further and more interesting investigation, suggested by
this work could examine the concentration of cities in countries characterised by
di®erent histories of devolution (i.e. by a di®erent TAS). We have already tried
to do this for Germany and the United Kingdom, which represent two extreme
examples of countries with a long tradition of, respectively, federalist and cen-
tralised arrangements of state. On the basis of the administrative boundaries,
Germany seems to demonstrate a higher degree of agglomeration, with people
concentrated in fewer and larger centres, and a regional structure that broadly
approaches, unlike England, the idea of the monocentric city region. Further
insights into this point are presented in a recent paper by Rodr¶iiguez-Pose and
Bwire [59], which analyse the "historical trajectory of devolution" in six coun-
tries, in order to study its role in explaining cross-regional di®erences in growth
patterns within each country.
From a theoretical point of view, at least three problems remain to be ad-

dressed.
First, our model describes devolution as an oligopolistic market of cities.

However, this can be the case if, and only if, in the relationship between a certain
tier of government and the tiers that follow in the hierarchy (e.g. state/regions,
or region/cities), the number of these latter does not justify the assumption of
a perfect competitive market. While providing an alternative to the theoretical
apparatus of Henderson and Becker [35, 36], this is an aspect that has to be kept
in mind when considering the policy implications of the model: under perfect
competition, Henderson and Becker [35, 36] show that city size is still optimal
if cities are formed by developers (i.e. local planners).
Second, the idea that a more decentralised spatial policy is associated with

less e±cient outcomes in terms of agglomeration represents a clash with other
ine±ciencies brought about by centralisation. However, this critique does not
intrude here, since our model does not o®er any general rule, aiming instead to
consider only one of the aspects, of one of the types, of decentralisation.
Finally, the assumption of symmetry is surely the most relevant weakness of

the model. Though it could be thought not to in°uence our main ¯ndings, it
would be worthwhile extending the message about integration and agglomera-
tion in a system of di®erently sized (or simply di®erent) cities. We are aware of
the arguments against the assumption of a representative city (Richardson [57]),
and we agree, for example, with Capello and Camagni [19] that the notion of
"e±ciency" in city size should ¯rst of all refer to its relationships with the rest
of the system - notably the core of the sociological notion of space, from which
we started here. However, it is di±cult to deal simultaneously with so many

40The idea relies on the fact that the EU's authority is faced with two goals: on the one
hand, it is called to favour economic integration, on the other hand, it has to ¯ght poverty and
to promote economic development. If the positive relationship between integration and ag-
glomeration and is valid, one of the main e®ects of the European Spatial Policy, which aims at
foster the process of spatial and economic integration, is to advance the concentration of activ-
ities in certain areas, and its principal negative e®ect is therefore a progressive impoverishment
of peripheral regions. Thus, the authority is called on to implement actions to counteract the
main e®ect of its policy, thus preventing agglomeration and/or over-agglomeration to occur.
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disparate elements if you want to recognise the e®ect of each element in the
eventual outcome. Perhaps consideration of the insights of Tabuchi et al. [71],
or of a hierarchical structure (Fujita et al. [29]) may o®er a desirable extension
to this thinking.
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Appendix A. Derivation of proposition 1

Let vCPs and vCPns be the CP value function in the two cases of symmetric
and non-symmetric city size, with S¤ and S¤k the respective optimal city size
(k = 1; : : : ; N). Indicating by V CPk the CP value function concerning city k, we
have:

vCPs = NV CP (S¤) vCPns =

NX
k=1

V CPk (S¤k) (33)

The condition under which the former solution always dominates the latter
is vCPs > vCPns 8k = 1; : : : ; N . Dividing both sides by N , this condition can be
written as:

vCPs
N

>

PN
k=1 V

CP
k (S¤k)
N

(34)

Thanks to the concavity of V CP (¢), equation (34) is always true within the
interval S¤ 2 (1;W ], while it is not satis¯ed when Sk = W , i.e. complete ag-
glomeration, and Sk = 0 (N = W ), i.e. complete dispersion; hence proposition
1 and the assumption that S¤ 2 (1;W ] throughout the analysis.
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FIGURE 1: CENTRAL PLANNER’S PROBLEM: (EQUATION 24).
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FIGURE 2: LOCAL PLANNER’S PROBLEM.
FIG. 2.A. SYSTEM (30-32): FREE-ENTRY CONDITION (CLOSE-MESH) AND FIRST
ORDER CONDITION (WIDE-MESH).
FIG. 2.B. SYSTEM SOLUTION: FREE-ENTRY CONDITION (THIN LINE) AND FIRST ORDER
CONDITION (THICK LINE).
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FIGURE 3: PROPOSITION 4: RELATIONSHIP BETWEEN
INTEGRATION AND (IN)EFFICIENCY OF TA DEVOLUTION.



Table 1. Centralisation versus TA devolution.

2.5 0.47 0.19 13.16 0.88

Table 2. Integration and TA devolution.

τ=0, β=.1 5.04 0.42 0.08 60.58

τ=0, β=.5 1.97 0.49 0.25 7.85

τ=0, β=.986 0.99 0.99 1.00 1.00

Table 3. Central Planner's solution. Comparative statics.

τ - - + -
β + - - +
α - - - +
λ + + + +
ψ + - - +
μ - - + -
ρ + - - +

Table 4. Local Planners' solution. Comparative statics.

τ - - + -
β - - - +
α - - - -
λ + + + +
ψ - - - -
μ - - + -
ρ - - - -

V (per capite)

Starting points (centralised equilibrium): W=83; S=4; N=16; 
Y= 927.491.

S W N Aggl.

S W N Aggl.

Starting points (decentralised equilibrium): W=39; S=12; 
N=3; Y= 242.280.

S W N Aggl.

S W N Aggl.

Ratio of the decentralised to the centralised solution
for: τ=.4; β=.6; α=.4; λ=1.5; ψ= .5; µ=.8; ρ=.75.

Ratio of the decentralised to the centralised solution.
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