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Abstract: The Barcelona Metropolitan Region (BMR) has been repeatedly characterised as a

polycentric-type urban system. The aim of this study is to corroborate this affirmation by making

use of a methodology that enables the identifying of employment subcentres and valuing of the

degree of polycentrism of the BMR in 1986 and 1996. The results obtained in the two years

confirm the existence and extension of the polycentrism.
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1 INTRODUCTION

The study of polycentric urban areas has been one of the research areas of urban

economics that has advanced most in the last two decades. The evolving of cities towards

polycentric-type structures has been so evident that the theories that seem firmly

established have been obliged to introduce significant changes with the aim of being able to

better understand said phenomenon. To do so, two parallel routes have been followed

without there having been significant crossovers. The first of these is situated within the

framework of the Monocentric City Model (Alonso, 1964; Muth, 1969). Starting out from

the formal simplicity and elegance that characterises this central component of theoretical

urban economics, the suppositions with which it starts out have been extended with the

aim of capturing equilibrium solutions that are compatible with polycentrism. Thus, for

instance, references have been included to congestion, the mechanism for fixing

equilibrium wages, the spatial impact of agglomeration economics, or to the relationship

between the costs of product transport and of commuting. This has been the theoretical

framework from which the polycentrism of North American cities has been focused (Fujita

and Ogawa, 1982; Sullivan, 1986; Wieand, 1987; White, 1990; Henderson and Slade, 1993;

Anas and Kim, 1994) 1.

In the case of Europe, polycentrism has been presented mainly as the result of the evolving

of pre-existing hierarchic urban systems, where the different centres have been functionally

integrated due to the reduction of transport costs. Relationships that in the past were of a

vertical nature (between centres of a different order) are being increasingly replaced by

horizontal relationships (between centres of the same order), which has led to the role

played by the different centres making up the system no longer being explained exclusively

by the specificity of the services they offer, but rather also by the activity sectors in which

they specialise. The metaphor of the hierarchic tree characteristic of the Central Place

Theory (Christaller, 1933; Lösch, 1940) has been replaced by that of the network (Camagni

and Salone, 1993; Dematteis, 1990; Capello, 2000).

In some sense, the reference theoretical framework has been adapted to the conditions in

each place. In the North American case, the creation of subcentres is in general a relatively

recent phenomenon linked to the decentralising trends of population and employment

(Alperovich, 1983; Lahiri and Numrich, 1983; Heikkila et al., 1989; Small and Song, 1994).

                                             
1 For an exhaustive review of this type of model, consult Anas et al. (1998) and White (1999).
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At the other extreme, the subcentres of European polycentric systems tend to be medium

sized cities with a long history (Hohenberg and Lees, 1985; Holmes, 1992; Batty, 2001).

The problem is that the reality is usually situated somewhere between the two extremes.

Not all the subcentres of North American cities are a result of recent employment

decentralisation, nor do all the subcentres of European urban systems have their origin in a

remote past. To be able to deal with the shades of grey that suggests the need for a detailed

examination of the reality of the situation, it would be desirable to integrate both

theoretical approaches, but this unfortunately has not occurred.

One of the effects deriving from the disconnection produced between the two theoretical

approaches is that they have generated clearly separate applied research strategies. In the

North American instance, the emphasis has been placed on the need to find some

methodology that enables subcentres to be identified in a thorough and objective way. A

special emphasis has also been placed on the impact of subcentres on ground rent and the

intensity of land use (McDonald, 1987; McMillen and McDonald, 1998; McMillen, 2003).

In the European case, research has been mainly directed towards the change of economic

base of the systems’ centres, as well as towards all that referring to the relationship between

centres, whether they belong to the same or different hierarchical order (Camagni and

Salone, 1993; Capello, 2000). There have been few studies that have, for instance, looked at

the effects of a local urban system on land rent and population and employment density2.

Neither are we aware of any occasion in which subcentres have been identified using sector

employment data, which would enable the presence of specialised subcentres in a certain

sector to be related to the spatial distribution of the employment in that same sector. This

type of exercise where different theoretical and empirical traditions are mixed are not,

regrettably, particularly common, which means renouncing elements that could contribute

to and strengthen the analysis framework.

In the case of the Barcelona Metropolitan Region, a European and polycentric urban

region, there exists a certain tradition in the analysis of urban structures on the basis of

relationships of commuting (ATM, 1998; Burns et al., 2001). Recently some studies have

gone beyond mere description, and have analysed the change of a hierarchical structure to a

reticular type, by studying the functional relationships produced between the system’s

centres, as well as the specificity of services offered in them   (Boix, 2004). There therefore

                                             
2 An exception worth mentioning is the interesting study by Papageorgiou and Pines (1999).
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exists a research strategy in tune with that carried out in other European metropolises.

Although this manner of tackling Barcelona’s polycentrism is clearly useful, we also believe

it necessary to use a framework of analysis compatible with the theoretical models of the

New Urban Economics, with the aim of focusing the analysis on questions that have up

until now been neglected, such as the identification of subcentres using alternative

techniques to mobility flows, or the analysis of their impact on the spatial structure of

employment.

The aim of this study is to satisfy three objectives. The first of these consists of identifying

the employment subcentres of the Barcelona Metropolitan Region for the total number of

jobs, using a methodology inspired by the new contributions to the field of applied urban

economics, for Manufacturing and Services separately, and for eight manufacturing and

eight service two-digit sectors. The second objective is to contrast the hypothesis of

polycentrism and to investigate the impact of the centre and the subcentres on the spatial

distribution of employment by means of an exponential density function with a double

gradient, one for the distance to the centre and the other for the distance to the nearest

subcentre. The third aim consists in analysing the evolution of the polycentrism over the

period 1986-1996.

The study we are presenting is therefore innovative with regard to at least three aspects.

First of all, in the case of the Barcelona Metropolitan Region there was a considerable

vacuum with regard to the use of identifying techniques, contrasting of the hypothesis of

polycentrism and the impact of the subcentres on the location of employment. Secondly, a

sector-based approach has been used here that is not limited to the characterisation of

previously identified subcentres3, but is rather implemented from the identification phase

itself. Thirdly, neither are we aware that employment decentralisation has been studied at a

two digit sector level using comparative analysis of the density gradients estimated from

each industry employment density functions.

                                             
3 This type of sector focus has been used in studies such as McMillen and McDonald (1998) or Giuliano and
Small (1991)
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2 EMPLOYMENT DECENTRALISATION IN THE BARCELONA

METROPOLITAN REGION

2.1 Characterisation of the study area

The Barcelona Metropolitan Region contains 163 municipalities, occupying almost 4,000

km2 within an approximate radius of 55 km. In addition to its polycentric nature, the BMR

has also been defined as a discontinuous, partially disperse, complex and diverse urban

region (Font et al., 1999). The BMR contains a primary city of over a million and a half

inhabitants – the municipality of Barcelona. This is followed by a first, extremely dense and

urbanised metropolitan ring with housing estates, and a second ring that combines

residential uses – with density levels that are markedly lower than those in the first ring –

and industrial ones. Beyond the second ring, there appears a group of medium-sized cities

in the form of an arch and a number of metropolitan corridors where rural and urban uses

are mixed (ATM, 1998, Muñiz et al., 2003a). The BMR is structured on a markedly radial

transport network, where the main agglomerations and corridors are connected to the

centre of the city by various railway lines and the network of metropolitan roads. It should

be pointed out that transport infrastructures have had an important influence on the

pattern of urbanisation (Miralles, 1997; Muñiz et al., 2003a).

2.2 Employment in the Barcelona Metropolitan Region, 1986-1996

Before discussing the employment data, the period being analysed should be put into

context. In 1986 Spain joined the European Economic Community, coinciding with the

beginning of a phase of strong economic growth which would last until the end of 1992,

although from 1991 onwards this was flagging noticeably. Between 1992 and 1993 a deep

economic recession was produced, with worldwide effects, which for the Spanish economy

meant “(…) the most intense recession since 1960, with a rapid destruction of occupation

and a net fall in the value of production (…)” (Trullén, p. 41, 1998).  1994 onwards saw the

beginning of the recovery, finally consolidated by the end of 1996. The ten years being

considered in this study therefore contain a complete economic cycle, in which the
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production sectors together had 38.4% more jobs; an increase of 10.95% for

Manufacturing, and a significant 54.45% for Services (Table 1) 4.

TABLE 1. BMR employment data, 1986-1996
Employment BMR % Total BMR

1986 1996 1986 1996
% Employment Growth

Total 1,063,283 1,471,630 100.00% 100.00% 38.40%

Manufacture 421,363 467,515 39.63% 31.77% 10.95%

Services 591,556 913,683 55.63% 62.09% 54.45%

2.3 The decentralisation of employment

During this period a substantial redistribution of the activity in the metropolitan

environment took place, loosing importance in the centre and gaining it at the periphery.

The indicator used to measure the decentralisation of the activity is the variation of the

average distance of each municipality with respect to the centre weighted by the percentage

of jobs in each municipality.

,
1

1 n
i

CBD i
i RMB

EDCBD d
n E=

⎛ ⎞
= ⎜ ⎟

⎝ ⎠
∑

where n  is the number of municipalities, iE  is the employment in the municipality i  and

,CBD id  is the distance that separates the municipality i  from the centre of the city.

The calculation of the DCBD indicator for the year 1986 shows that the manufacturing

sectors were more decentralised than the services (Table 2). The development between

1986 and 1996 indicates that the speed at which the activity is decentralised is an average of

1% per annum; i.e. in the ten years considered, the average weighted distance increased by

10%, both in the manufacturing and service sectors5.

                                             
4 At two-digit sectors level (see Tables A.1 and A.2 in the Appendix), the most dynamic sectors in terms of
generation of employment are Health, Financial Institutions and Firm Services, the Food industry, Hotels and
Restaurants and Public Administration. In contrast, three sectors present negative employment growth rates,
Other Services, Timber and Furniture Industry, and Textile Industry, with the fall in the Textile industry
being the most important, as it is a traditional sector that concentrates a high proportion of manufacture
employment.
5 The results by sector offer significant differences. The Food and Textile sectors stand out among the most
decentralised manufacture sectors in 1986, while the least decentralised were Transport Material, Paper and
Graphic Arts. In addition, the two industrial sectors that have been most decentralised are Transport Material
and Furniture As regards the service sector, the least decentralised was Transport and Financial Activities and
the most decentralised Trade and Hotels, while the sectors that have decentralised most are Transport and
Public Administration.
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TABLE 2. Weighted average distance to CBD, 1986 - 1996
DCBD (Km.)

1986 1996

Total 9.82 10.50

Manufacture 12.23 13.32

Services 7.79 8.79

Chemical Industry 10.06 11.91

Metallurgy, Electrical Equipment 11.34 12.88

Production of Transport Material 5.83 12.61

Food Industry 13.91 13.08

Textile, Leather, and Dressmaking 17.79 17.98

Timber and Furniture 13.75 16.12

Paper, Graphic Arts and Edition 7.22 8.82

Rubber and Plastic 12.22 13.84

Trade and Repair 9.75 10.09

Hotel and Restaurant Services 10.68 11.81

Transport and Comunication 5.48 8.26

Financial Institutions and Firm Services 5.08 6.88

Public Administration 6.29 8.62

Education and Research 8.54 9.35

Health and Social Services 7.89 8.27

Other Services 8.17 8.05

Having confirmed the employment decentralisation trend, questions need to be asked

about the role played by the employment subcentres in this process: Has the

decentralisation been accompanied by a dispersed activity location model? In the event of

the degree of polycentrism having increased, is it due to the growth of pre-existing

subcentres or to the emergence of new subcentres? In the following sections we shall

attempt to respond to these questions.

3 IDENTIFICATION OF SUBCENTRES IN THE BMR

Previous studies that have attempted to identify the subcentres of the BMR are few and far

between. There are some studies where, without it being their main objective, some

extremely simple criterion has been used, such as a threshold of population (Martori and

Suriñac, 2002) or of employment (Asensio, 2000). Somewhat more sophisticated are the

studies where subcentres are identified by analysing commuting flows, such as ATM (1998)
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or Burns et al. (2001). Lastly, the study by Muñiz et al. (2003a) defines as a subcentre those

municipalities that present a population density local maximum, whereas in Muñiz et al.

(2003b) a double filter is used combining employment and density thresholds, to then

examine the significativity of the gradient associated with the distance to each subcentre

candidate in a function of population density (Table 3).

In the light of the few studies that have tackled the question, the forcefulness with which

the polycentric nature of the BMR is normally affirmed is in a way surprising. The already

long list of studies focussing on the identification of subcentres that have appeared in the

last twenty years in the main specialist journals does not seem to have influenced the

research applied to the BMR.

TABLE 3. Selected studies on BMR polycentricity
Study Criteria Year Subcentres

Martori and Suriñac (2002) Population > 50000 1998 11
Thresholds

Asensio (2000) Employment > 20000 1996 5

ATM (1998)
Net in-commuting in

subregional predetermined
zones

1996 7

Commuting
Burns et al. (2001)

Positive net in-commuting> 15
%

Population > 10000
1996 11

Density Peaks Muñiz et al. (2003a) Local maximum in a population
density cubic-spline function 1996 7

Theresholds + Density
Peacks Muñiz et al. (2003b)

(1) a. Dens > 4.5 Empl./ha
b. Density peak
c. Positive residuals in a

employment
exponential density
function, and Empl. >
10000

(2) Candidates a+b+c positive
effect on a polycentric
exponential population
density function

1996

15
11
12

13

3.1. Methodologies for subcentres identification

The literature on the identification of subcentres has evolved over the years, gaining

objectivity, thoroughness and replicability.  The first studies that identified subcentres by

making use of information provided by some official agency (Greene, 1980; Griffith, 1981),

or by the fact of being historical areas (Baerwald, 1982; Erickson and Gentry, 1985; Bender

and Hwang, 19885; Heikkila et al., 1989; Dowal and Treffeisen, 1991; and Shukla and

Waddel, 1991, among others), gave way to studies where the identification was carried out
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using more sophisticated criteria, but whose complexity impeded their replicability in other

realities (Dunphy, 1982; Cervero, 1989). Although this group of studies provided interesting

material, it can only be seen as a first step in the expansion of a literature whose aim is an

interesting mixture of simplicity and objectivity. There follows a brief summary of these

studies.

Beyond the first attempts at identification, the studies carried out to date can be grouped

into five categories. The first method consists of using a reference threshold. The majority

of studies that apply this method consider a double threshold, one for the number of jobs

and another for employment density (Giuliano and Small, 1991; Song, 1994; Cervero and

Wu, 1997; McMillen and McDonald, 1997, 1998; Bogart and Ferry, 1999; or Anderson and

Bogart, 2001), although some studies add an additional threshold for the ratio of jobs per

resident population (Shearmur and Coffey, 2002). The second method is based on the

analysis of the data on mobility, either by means of net entry flows or trip generation density

(Bourne, 1989; Gordon and Richardson, 1996). The third group of studies uses a criterion

based on the identification of “peaks”, i.e. a set of contiguous census sections that present a

local maximum with respect to the area that surrounds them, whether it be employment

density (Gordon et al., 1986; Craig and Ng, 2001), or the ratio of jobs per resident

population (McDonald, 1987; McDonald and McMillen, 1990). The fourth method consists

of identifying the positive residues estimated from an exponential employment density

function (McDonald and Prather, 1994), or with a combination of non-parametric and

semi-parametric methods (McMillen, 2001). Finally, there have recently appeared some

studies where elements of spatial econometrics are used, such as the Moran index (Baumont

et al., 2004; Guillain et al., 2004) (Table 4).

In a recent study, McMillen and Lester (2003) discuss the suitability of the different

methods according to the objectives being pursued in each investigation. The authors point

out that the most objective criteria based on econometric regressions are especially suitable

when the intention is to carry out comparisons between different metropolitan regions, due

to the adaptability of their statistical “thresholds” to local conditions. In contrast, when the

aim of the research is focused on comparing the polycentrism of a particular city at

different moments in time, methodologies based on thresholds, especially Giuliano and

Small-type ones, function better.
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TABLE 4. Methodologies for subcentre identification
Study Criterium City-Year Subcenters

Giuliano and Small
(1991)

Density > 25 Empl./ha
Empleo > 10000 Los Angeles, 1980 32

Song (1994) Density > 37 Empl./ha
Empl. > 35000

Los Angeles, 1980 6

Cervero and Wu (1997) Density > 17 Empl./ha
Empl. > 10000

San Francisco, 1990 22

McMillen and
McDonald (1997)

Density > 25 Empl./ha
Empl. >10000

Negative subcentre density
gradient

Chicago, 1980 20

McMillen and
McDonald (1998)

Density > 25 Empl./ha
Empl. >10000

Negative subcentre density
gradient

Chicago, 1990 20

Bogart and Ferry (1999) Density > 20 Empl./ha
Empl. >10000 Cleveland, 1990 9

Anderson and Bogart
(2001)

Density > 20 Empl./ha
Empl. >10000

Cleveland, 1990
Indianapolis, 1990

Portland, 1990
San Luis, 1990

9
11
11
11

Thresholds

Shearmur and Coffey
(2002)

Empl. >5000
Employment/Population > 1

Montreal, 1996
Toronto, 1996

Ottawa-Hull, 1996
Vancouver, 1996

16
17
7
13

Bourne (1989) Commuting flows Calgary, 1981 0
Commuting Gordon and Richardson

(1996)
Density trip generation>0.8

standard deviation Los Angeles, 1980 18

McDonald (1987) Density or Empl./Pop. Chicago, 1970 9
McDonald and

McMillen (1990) Density or Empl./Pop. Chicago, 1956
Chicago, 1970

8
9

Gordon et al. (1986) Density Los Angeles, 1980
Density peaks

Craig and Ng (2001) Density Houston 7
McDonald and Prather

(1994) Exponential Chicago, 1980 3

Residues
McMillen (2001)

a) Locally Weighted
Regression

b) Flexible Fourier with
subcentre distance

Chicago, 1990
Dallas, 1990

Houston, 1990
Los Angeles, 1990
New Orleans, 1990
San Francisco, 1990

33
28
25
19
2
22

Baumont et al. (2004) Global and local Moran I.
(Employment density) Dijon, 1999 2Spatial

econometrics Guillain et al. (2004) Global and local Moran I
(Employment/Population)

Ile de France 1978
Ile de France 1997

3
7

3.3 Identification of subcentres in the BMR, 1986-1996

Given that the aim of this study is not only the identification of subcentres, but also the

evaluation of how the degree of polycentrism evolves over time, a methodology based on

thresholds has been adopted, where instead of specifying equal and fixed numerical values
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for each type of identification – the most usual technique when subcentres are identified

using total employment data -, fixed statistical values have been defined which adapt

numerically to the conditions in each sector aggregation.

After a number of trials, it was decided to define as subcentres those municipalities with an

employment density6 ( ,i sD ) higher or equal to the average for the BMR in 1986

( , ,1986RMB sD ) and with an employment level ( ,i sE ) equal or higher than 1% of the total for

the BMR in 1986 ( , ,1986RMB sE )7:

, , ,1986

, , ,19861%
i s RMB s

i s RMB s

D D
E E

≥

≥

where i  and s  refer to the municipality8 and to the sector aggregation respectively. These

values generate a reasonable number of subcentres in each sector aggregation and for each

year considered.

Normally subcentre identification methodology has been applied for the total of

employment. Few studies have used a sectorial approach9. This research goes somewhat

further by carrying out an identification for different levels of industries aggregation. The

main argument is that, just as the subcentres identified using the total number of jobs

influence the spatial distribution of the total employment, a sector's employment

distribution may also be conditioned by the presence of specialised subcentres in this same

sector.

To calculate the minimum thresholds of gross employment density and of municipal

employment we used the employment and surface area data obtained from the 1986 and

1996 population censuses. The identification was performed for the Total of employment,

for employment in Manufacturing and Services together, and for a fragmentation of these

                                             
6 In accordance with McDonald (1987), the employment density used is a gross density that takes in the
number of jobs per hectare of the municipality surface area.
7 Note that, unlike the studies by Giuliano and Small (1991) or McMillen and Lester (2003), we do not have
more fragmented spatial units, rather we work with municipalities: highly aggregated spatial units that are
administrative entities. For this reason, we do not consider the continuity or proximity between them in order
to establish the employment threshold.
8 Of the BMR’s 162 municipalities in 1986, 12 municipalities that form the Barcelona spatial continuum are
excluded. According to Hall et al. (1973) these municipalities cannot be considered subcentres but rather the
periphery of a centre that goes beyond the administrative borders of the municipality of Barcelona.
9 An example is that of McDonald (1987) where an identification of subcentres is also carried out for
manufacture employment.
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two major sectors into eight subsectors each10. The criterion used to identify subcentres

means that their number varies on altering the number of sectors and subsectors being

considered.

The results obtained (Table 5) reveal that the region’s polycentrism has changed

substantially over the period under consideration. In 1996 a significantly higher number of

subcentres are identified than in 1986 for any level of sector aggregation. In addition, the

“new subcentres”, those identified in 1996 but not in 1986, are closer to the centre of the

region. These are therefore subcentres arising from the recent employment decentralisation

from the centre towards the nearest periphery.  The maps clearly show how the new

industrial subcentres have tended to concentrate in a triangle whose apexes are Montcada,

Granollers and Terrassa, while the new service subcentres are distributed in a more

disperse way throughout the territory (Figure 1).

                                             
10 The minimum level of aggregation has become conditioned by the fact that in 1986 the 1974 National
Classification of Economic Activities was in force (CNAE74). For 1996 the CNAE93 provided
correspondence with the CNAE74.
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TABLE 5. BMR employment subcentres, 1986-1996

Subcentres DCBD

1986 1996 1986 1996
New

Subcentres
 1996

Total 6 13 23.93 21.32 16.76

Manufacture 8 12 23.36 20.46 16.32

Services 4 13 23.21 21.34 19.23

Chemical Industry 11 16 19.58 19.56 19.88

Metallurgy, Electrical Equipment 10 18 21.04 19.21 16.04

Production of Transport Material 3 14 19.14 20.42 21.27

Food Industry 12 21 24.08 21.99 20.84

Textile, Leather, and Dressmaking 8 7 24.46 24.70 13.94

Timber and Furniture 7 5 24.38 22.20 21.68

Paper, Graphic Arts and Edition 8 13 18.74 18.41 16.92

Rubber and Plastic 13 23 22.55 20.26 21.07

Trade and Repair 6 13 25.74 21.89 14.33

Hotel and Restaurant Services 9 18 31.51 27.73 25.08

Transport and Comunication 4 11 23.05 21.00 18.56

Financial Institutions and Firm
Services 4 14 22.82 20.86 18.63

Public Administration 4 12 23.11 22.23 20.79

Education and Research 6 9 19.32 19.76 25.75

Health and Social Services 4 20 23.29 22.19 21.24

Other Services 4 0 23.21 --- ---
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FIGURE 1. BMR employment subcentres, 1986-1996

Total 1986  Total 1996

Manufacture 1986  Manufacture 1996

Services 1986  Services 1996
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4 POLYCENTRISM: CONTRAST OF HYPOTHESIS AND INCIDENCE OF

SUBCENTRES ON THE LOCATION OF EMPLOYMENT

In order to meet the aims of this section, we started off with an employment density

function typical of a monocentric spatial structure:

( ) 0
CBDd

CBDD d D e γ ε− += (1)

where ( )CBDD d  is the gross employment density at a distance  CBDd  from the CBD; 0D  is

estimated gross employment density in the  CBD; γ  is the density gradient associated with

the distance to the CBD11; ε  is the error term with the usual properties.

In the case of a polycentric spatial structure, McDonald and Prather (1994) show different

examples of density functions. In our case, we adopted the most commonly used one:

( ) 1

0
CBD SUBd d

CBDD d D e γ δ ε−− + += (2)

where 1
SUBd −  is the inverse of the distance to the  nearest subcentre12; and δ  its

corresponding density gradient13. While the interpretation of the coefficient of the distance

to the CBD can be done directly, the reading of the estimated coefficient for the inverse of

the distance to the nearest subcentre is the opposite, i.e. a positive (negative) coefficient

indicates that the employment density growth is less (greater) as we move away from the

employment subcentre under consideration.

Applying neperian logarithms to (2) we obtain:

( ) 1
0ln lnCBD CBD SUBD d D d dγ δ ε−= − + + (3)

                                             
11 The density gradient expresses the density’s percentage variation in the event of a marginal increase of the
distance to the centre. In an exponential function, the gradient is constant for any distance.

CBD

D
D

d
γ

∂

=
∂

12 The use of an inverted distance enables multicolineality problems to be eliminated (McDonald and Prather,
1994). For the same reason, and following the example of studies like those of McMillen and McDonald
(1998), McDonald and McMillen (2000), McMillen and Lester (2003) and McMillen (2004), among others, we
used a single variable that adopts the distance to the nearest subcentre.
13 . Note that working with a direct distance for the case of the CBD (Barcelona) and an inverted
distance for the case of the nearest subcentre means recognising that the CBD’s influence is greater
than that of the subcentres for long distances.
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The equation (3) is estimated by Ordinary Least Squares. In order to correct possible

problems of heterocedasticity in the cross-section sample, the standard errors and the

covariance matrix have been calculated using the White method.

4.1 Contrasting the hypothesis of polycentrism

Following McDonald and Prather (1994), in order to verify the existence of a polycentric

spatial structure, in each estimation of (3) the Wald test is carried out, with which both

structures are compared:

 
( )

( )

r u

u

SSR SSR q
F

SSR n k
−

=
−

where rSSR  and uSSR  are the sum of the squares of the restricted, monocentric and non-

restricted model residues respectively;  n  is the size of the sample; k  is the number of

estimated parameters in the non-restricted model; and  q  is the number of restrictions14.

The significativity of the value F  obtained implies the rejection of the monocentric model

in favour of the polycentric model.

Tables 6, 7 and 8 show the results obtained in 1986 and 1996, for each industry and for

overall manufacture and services. The Wald Test confirms the existence of a polycentric

spatial structure in both years15.

4.2 Incidence of subcentres on the location of employment: a dynamic analysis.

The analysis of the changes produced between 1986 and 1996 in the estimated gradients of

the equation (3) enable the identifying of three different patterns in the evolving of

polycentric spatial structures.

Firstly, only the Textile subsector presents a clear trend towards concentration of

employment in the centre and subcentres, which is reflected by the upturn of both density

gradients.

                                             
14 In our case, to go from the polycentric model (3) to the linearised version of the monocentric model (1)
we simple established a restriction, 0δ = , and thus, 1q = .
15 The only exception is, for 1996, the Other Services subsector where, as seen earlier, there are no
employment subcentres.
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1996 1986

1996 1986

γ γ
δ δ

>

>

Secondly, for the overall Manufacturing and four two-digit industries16, the existence of a

process of spatial homogenising of employment density can be seen as the absolute value

of both gradients diminishes.

1996 1986

1996 1986

γ γ
δ δ

<

<

Finally, the most common result is an increase in the absolute value of the gradient for the

distance to the centre and a reduction in the density gradient of the subsector. This

behaviour is reproduced for the Services17 as a whole, as well as for 10 two-digit industries

being considered.

1996 1986

1996 1986

γ γ
δ δ

>

<

TABLE 6. Estimated coefficients for equation (3)
Total Manufacture Services

1986 1996 1986 1996 1986 1996

0ln D 1.432***
(4.29)

1.914***
(5.74)

0.603***
(1.68)

0.937***
(2.76)

0.504
(1.42)

1.148***
(3.12)

γ -0.080***
(-7.14)

-0.081***
(-7.43)

-0.082***
(-6.96)

-0.080***
(-7.28)

-0.079***
(-6.61)

-0.082***
(-6.89)

δ 2.494***
(6.21)

1.988***
(5.95)

2.611***
(7.70)

2.247***
(8.12)

2.817***
(6.87)

2.108***
(5.80)

2 Adjusted R 0.3414 0.4279 0.3530 0.4297 0.3236 0.4212

 Wald Test 38.61*** 35.45*** 59.30*** 65.99*** 47.18*** 33.70***

***, **, *: significant at the 1%, 5% and 10%, respectively.

                                             
16 Chemical Industry, Metallurgy, Trade and Public Administration.
17 Transport Material, Food industry, Timber and Furniture, Paper and Graphic Arts, Rubber and Plastic,
Hotels and Restaurants, Transport and Communication, Financial Institutions and Services Firms, Education
and Research, and Health and Social Services.



TABLE 7. Estimated coefficients for equation (3) – Manufacture subsectors

Chemical Industry Metallurgy,
Electrical Equip.

Transport
Material Food Industry Textile, Leather

and Dressmaking
Timber and
Furniture

Paper, Graphic
Arts and Edition

Rubber and
Plastic

1986 1996 1986 1996 1986 1996 1986 1996 1986 1996 1986 1996 1986 1996 1986 1996

0ln D -2.145***
(-4.25)

-1.590***
(-3.73)

-0.638
(-1.53)

-0.217
(-0.55)

-2.918***
(-6.40)

-2.101***
(-5.74)

-2.276***
(-5.90)

-1.566***
(-4.41)

-2.009***
(-4.97)

-1.625***
(-4.96)

-2.444***
(-7.82)

-2.375***
(-9.01)

-2.275***
(-5.11)

-1.415***
(-3.91)

-2.716***
(6.04)

-1.938***
(-5.26)

γ -0.090***
(-5.81)

-0.089***
(-6.43)

-0.098***
(-7.38)

-0.092***
(-7.60)

-0.088***
(-6.82)

-0.089***
(-7.85)

-0.068***
(-5.89)

-0.069***
(-6.40)

-0.061***
(-4.73)

-0.073***
(-6.54)

-0.070***
(-6.60)

-0.071***
(-7.45)

-0.097***
(-7.58)

-0.100***
(-9.33)

-0.083***
(-6.47)

-0.083***
(-7.50)

δ 3.282***
(8.43)

2.772***
(9.16)

2.957***
(8.09)

2.292***
(7.47)

3.533***
(3.82)

2.922***
(7.42)

2.717***
(7.41)

2.223***
(8.19

4.154***
(8.13)

4.313***
(7.35)

2.242***
(6.64)

2.008***
(5.88)

2.873***
(6.65)

2.331***
(7.73)

3.229***
(8.16)

2.516***
(9.36)

2 Adjusted R 0.4079 0.4737 0.4343 0.4768 0.3523 0.4718 0.3625 0.4313 0.2590 0.3560 0.3213 0.3530 0.4072 0.5243 0.4165 0.5288

 Wald Test 71.07*** 83.89*** 65.44*** 55.84*** 14.61*** 55.04*** 54.90*** 67.07*** 66.16*** 53.98*** 44.04*** 34.61*** 44.26*** 59.70*** 66.67*** 87.65***

***, **, *: significant at the 1%, 5% and 10%, respectively.

TABLE 8. Estimated coefficients for equation (3) – Services subsectors

Trade and Repair Hotel and
Restaurant

Transport and
Comunication

Financial Institut.
and Firm Services

Public
Administration

Education and
Research

Health and Social
Services Other Services

1986 1996 1986 1996 1986 1996 1986 1996 1986 1996 1986 1996 1986 1996 1986 1996

0ln D -0.551
(-1.54)

-0.129
(-0.34)

-2.146***
(-6.52)

-1.625***
(-5.05)

-1.820***
(-4.95)

-0.865***
(-2.36)

-2.120***
(-5.50)

-0.600
(1.52)

-1.675***
(-4.70)

-1.078***
(-3.07)

-1.441***
(-3.68)

-0.995***
(-2.86)

-2.913***
(-7.31)

-1.301***
(-3.15)

-1.962***
(-5.68)

-2.716***
(-10.75)

γ -0.089***
(-6.95)

-0.087***
(-6.86)

-0.069***
(-6.28)

-0.070***
(-7.34)

-0.081***
(-6.76)

-0.091***
(-7.59)

-0.085***
(-6.59)

-0.092***
(-7.30)

-0.087***
(-7.39)

-0.082***
(-7.39)

-0.084***
(-6.75)

-0.088***
(-7.78)

-0.073***
(-5.79)

-0.084***
(-6.71)

-0.084***
(-7.17)

-0.079***
(-8.95)

δ 2.901***
(6.77)

2.263***
(6.38)

3.285***
(6.62)

2.800***
(6.64)

2.754***
(6.10)

2.347***
(6.53)

3.431***
(8.13)

2.288***
(5.84)

2.497***
(5.76)

2.051***
(5.19)

2.463***
(5.35)

2.304***
(5.87)

3.492***
(7.24)

2.685***
(6.70)

3.082***
(7.72) ---

2 Adjusted R 0.3188 0.4122 0.3296 0.4326 0.3218 0.4585 0.3246 0.4544 0.3483 0.4316 0.3485 0.4250 0.3011 0.4745 0.3448 0.3265

 Wald Test 45.90*** 40.68*** 43.78*** 44.10*** 37.16*** 42.71*** 66.13*** 34.11*** 33.15*** 26.95*** 28.58*** 34.45*** 52.40*** 44.94*** 59.57*** ---

***, **, *: significant at the 1%, 5% and 10%, respectively.
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5 DESCENTRALISATION: POLYCENTRIC COMPACTION OR

DISPERSION?

Although subject to certain controversy (Ewing, 1997), polycentrism can be interpreted as

an alternative decentralisation model to dispersion18.  In such a case, a compaction

indicator that is useful for its extreme simplicity is the percentage of employment located in

the centre and subcentres19. The remaining percentage can be used therefore as an indicator

of dispersion. Calculating said indicator in 1986 for the total number of jobs, gave 64.8% of

the employment concentrated in the centre, 14.77% in the subcentres, and the rest, i.e.

20.4% located in a relatively dispersed way in a high number of municipalities (Table 9). In

contrast, the figures obtained in 1996 show the percentage of jobs located in the centre

falling to 60.2%, while that of the subcentres rose to 20.6%.

The rest now represented somewhat less than in 1986, at 19.1%. These results allow us to

maintain that, although very slightly, the degree of polycentrism in the region has increased,

since the centre’s loss of weight has been accompanied by an increasing in the weight of

the subcentres in a slightly higher proportion. It should be noted that this increase in

weight of the subcentres is not due to a greater concentration of employment in the

subcentres identified in 1986, but rather to a significant increase in the number of new

subcentres identified in 199620.

                                             
18 The controversy focuses on the fact that there is no clear dividing line between a polycentric urban system
and a discontinuously dispersed one.
19 Other indicators that have been used to capture the relative concentration of employment or population in
dense environments are the Gini index, that of Theil, or that of Relative Entropy  (Malpezzi and Guo, 2001).
20 The third column referring to subcentres in Table 9 indicates clearly how in general, the percentage of jobs
concentrated in 1996 by the subcentres that had been identified in 1986 has reduced.
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TABLE 9. Empleyment spatial pattern, 1986-1996
CBD

(BCN+Conurbation) Subcentres Other municipalities

1986 1996 1986 1996 Ident.86
1996 1986 1996

689,385 885,958 157,063 303,657 202,178 216,835 282,015Total
(64.84%) (60.20%) (14.77%) (20.63%) (13.74%) (20.39%) (19.16%)
231,636 222,321 87,676 117,523 92,918 102,051 127,671Manufacture
(54.97%) (47.55%) (20.81%) (25.14%) (19.87%) (24.22%) (27.31%)
431,088 617,645 61,921 165,346 94,105 98,547 130,692Servicios
(72.87%) (67.60%) (10.47%) (18.10%) (10.30%) (16.66%) (14.30%)
30,473 28,199 9,093 15,100 10,555 8,867 10,115Chemical Industry

(62.92%) (52.79%) (18.77%) (28.27%) (19.76%) (18.31%) (18.94%)
69,747 69,912 27,868 46,858 32,189 26,063 32,341Metallurgy, Electrical

Equipment (56.39%) (46.89%) (22.53%) (31,42%) (21.59%) (21.07%) (21.69%)
27,212 19,013 3,367 14,912 8,506 4,703 6,864Transport Material

(77.13%) (46.61%) (9.54%) (36.56%) (20.85%) (13.33%) (16.83%)
17,214 29,271 8,307 17,451 11,085 8,334 10,426Food Industry

(50.85%) (51.22%) (24.54%) (30.54%) (19.40%) (24.62%) (18.24%)
35,430 25,768 38,958 26,305 26,703 23,510 21,269Textile, Leather and

Dressmaking (36.19%) (35.13%) (39.79%) (35.87%) (36.41%) (24.01%) (29.00%)
9,602 4,880 2,671 2,019 1,402 5,909 5,246Timber and Furniture

(52.81%) (40.18%) (14.69%) (16.62%) (11.54%) (32.50%) (43.19%)
27,154 29,974 5,102 9,279 6,780 5,721 7,995Paper, Graphic Arts and

Ediction (71.50%) (63.44%) (13.43%) (19.64%) (14.35%) (15.06%) (16.92%)
14,804 15,304 6,055 12,299 6,376 5,199 6,715Tubber and Plastic

(56.81%) (44.59%) (23.24%) (35.84%) (18.58%) (19.95%) (19.57%)
104,497 134,546 24,263 42,476 29,104 28,968 36,834Trade and Repair
(66.25%) (62.91%) (15.38%) (19.86%) (13.61%) (18.37%) (17.22%)
30,175 42,341 6,744 16,975 11,384 8,338 10,757Hotel and Restaurant

Services (66.67%) (60.42%) (14.90%) (24.22%) (16.25%) (18.42%) (15.35%)
67,277 74,174 6,007 15,584 8,790 9,530 16,794Transport and Comunication

(81.24%) (69.61%) (7.25%) (14.63%) (8.25%) (11.51%) (15.76%)
68,684 149,987 7,634 35,363 20,281 8,137 18,817Financial Institutions and

Firm Services (81.33%) (73.46%) (9.04%) (17.32%) (9.93%) (9.63%) (9.22%)
49,371 63,089 4,480 15,100 8,451 8,833 13,648Public Administration

(78.76%) (68.70%) (7.15%) (16.44%) (9.20%) (14.09%) (14.86%)
50,493 53,988 11,302 16,763 14,237 12,039 14,333Education and Research

(68.39%) (63.45%) (15.31%) (19.70%) (16.73%) (16.31%) (16.85%)
29,069 91,941 6,263 27,938 14,852 4,691 11,153Health and Social Services

(72.63%) (70.17%) (15.65%) (21.32%) (11.33%) (11.72%) (8.51%)
31,522 7,579 5,857 --- 1,111 7,382 3,503Other Services

(70.42%) (68.39%) (13.09%) --- (10.03%) (16.49%) (31.61%)

6 CONCLUSIONS

This study has set out three objectives: to identify subcentres, to contrast the hypothesis of

polycentrism and to evaluate how the BMR’s polycentrism evolved in the period 1986 –

1996. In order to fulfil the aims set out, a operational approach has been used which
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distances itself from the extreme simplicity with which polycentrism has normally been

studied in the case of Barcelona. The criterion used to identify subcentres was a double

threshold with respect to the number and density of jobs. To contrast the hypothesis of

polycentrism, a hypothesis contrast using the Wald test was carried out, where the

restricted model is the monocentric one and the non-restricted model the polycentric one.

Lastly, the way the degree of polycentrism evolved over time was evaluated by comparing

the percentage of jobs located in previously identified subcentres, at the beginning and the

end of the period. The results obtained can be synthesised in three points: firstly, the

number of subcentres identified has increased significantly in the ten years under

consideration; secondly, the Wald test confirms the polycentrism hypothesis; and thirdly,

the degree of polycentrism has increased, not due to the growth of employment in the

subcentres identified at the beginning of the period, but rather due to a substantial increase

in the number of subcentres identified in 1996.
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ANNEX

TABLE A.1. BMR employment data, 1986-1996 – Manufacture Subsectors

Empleoyment BMR % Total BMR

1986 1996 1986 1996
% Employment Growth

Chemical Industry 48,433 53,414 4.55% 3.63% 10.28%

Metallurgy, Electrical
Equipment 123,678 149,111 11.63% 10.13% 20.56%

Production of Transport
Material 35,282 40,789 3.32% 2.77% 15.61%

Food Industry 33,855 57,148 3.18% 3.88% 68.80%

Textile, Leather, and
Dressmaking 97,898 73.342 9.21% 4.98% -25.08%

Timber and Furniture 18,182 12,145 1.71% 0.82% -33.20%

Paper, Graphic Arts and
Edition 37,977 47,248 3.57% 3.21% 24.41%

Rubber and Plastic 26,058 34,318 2.45% 2.33% 31.70%

TABLE A.2. BMR employment data, 1986-1996 –Services Subsectors

Employment BMR % Total BMR

1986 1996 1986 1996
% Employment Growth

Trade and Repair 157,728 213,856 14.83% 14.53% 35.58%

Hotel and Restaurant Services 45,257 70,073 4.26% 4.76% 54.83%

Transport and Comunication 82,814 106,552 7.79% 7.24% 28.66%

Financial Institutions and
Firm Services 84,455 204,167 7.94% 13.87% 141.75%

Public Administration 62,684 91,837 5.89% 6.24% 46.51%

Education and Research 73,834 85,084 6.94% 5.78% 15.24%

Health and Social Services 40,023 131,032 3.76% 8.90% 227.39%

Other Services 44,761 11,082 4.21% 0.75% -75.24%
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FIGURE A.1. BMR employment subcentres, 1986-96 – Manufacture and Services Subsectors

Total Subsectors 1986  Total Subsectors 1996

Manufacture Subsectors 1986  Manufacture Subsectors  1996

Services Subsectors 1986 Services Subsectors 1996
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