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s the Polycentrism a Desirable
Feature in the Construction
of Sustainable Residential

Environments?

Revisiting its Conceptualization from
the Travel-to-work Perspective:
an Analysis for the Biggest Metropolitan

Areas in Spain

Abstract

The urban form is an important issue on explaining quality of life or housing environments, since it has implications in terms of social, en-
vironmental and economic aspects. In this paper, taking as case study the seven biggest metropolitan areas in Spain, we explore whether
urban form, understood as polynucleation (morphological) is related to polycentricity (functional) understood as the level of interconnections
depicted by journey-to-work mobility. We found a high correlation between the morphological and functional sides of polycentrism, nonethe-
less, polycentricity succeed in understanding the kind of relations among subcenters, namely it permits to foreseen the kind of transportation
systems needed in each of the studied cities. In terms of social, economic and environmental sustainability, it is exposed the discussion on

whether a high level of polynucleation and interlinking would be more desirable in the construction of the house of tomorrow.
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Introduction

The study of polycentrism has been applied along urban ter-
ritories in order to identify and explain the components of the
structure as well as the transformation of cities in metropolitan
systems, with their impact on the social, demographic, econom-
ic and environmental. It is clear the need to go beyond the para-
digm of monocentric city and conveniently to penetrate in the
analysis of the current metropolis as large artifacts, composed
by a series of settlements which are in fact related to each other.
In practical terms, the study of polycentrism is responsible for
identifying subcenters that integrate urban systems, as well as
measuring the magnitude of the phenomenon in urban reality.
Meanwhile, in regard to the degree of polycentrism of an urban
area, can be clearly identified two currents that have been widely
studied, almost always independent of one another. The first is
related to morphological analysis linked to the analysis of the
density and shape of population distribution and employment
in their cores and its hinterland. The second trend is related to
the functional analysis tied to the study of flows that arise be-

tween different cores and their hinterland, link-
ing complementary areas. The separate study
of both approaches cannot delve into issues
as relevant as some regions tend to be more
functionally polycentric than morphological
(Burger and Meijers, 2012). By contrast, inte-
grating both tasks would lead to conclude that
the coincidence of morphologic and functional
polycentrism would be symptomatic of the ex-
istence of places that are not only dense, but
also that structure territory and become struc-
tural places.

A further development of the measurement of
functional polycentrism is presented by Green
(2007) proposing the “functional polycentricity”
concept, emphasizing the term polycentrism
related to the simple morphological polynuc-
leation, from functional related to the network
operation of the system. According to Green,
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functional polycentricity level is not defined by the proximity be-
tween nodes but by the relationship between them. Based on the
methods of social network analysis, has proposed the indicator
of “network density” that attempts to measure how much flows
are balanced between the nodes: the more connected they are
and such distribution is more uniform, the higher functional po-
lycentricity level is in the system.

The first chapter of this paper reviews the state of the art of the
constituent elements of polycentrism studies; the second will
examine very closely the study of functional polycentricity; in the
third apart it will present the methodology, as well as the scope
and sources of information for the study; and finally, the fourth
chapter presents the results of measuring polycentricity pheno-
menon in Spanish metropolitan areas, and offers insights into
how this issue might play an important role in the construction
of sustainable residential environments.

State of the Art: morphology and functionality

The empirical study of polycentrism has used different methods
of analysis, which may differ, depending on the criteria used,
into two spheres almost always independent each of other. The
first is the morphological criterion, about the study of the shape
and distribution of the population density or workers in the vario-
us cores that make up a metropolitan area and their respective
hinterlands. The second criterion, conceived from the functio-
nal sphere is about connectivity relationships, that is to say, the
amount and intensity of flows between members that make up
the metropolitan phenomenon and complementary relationships
created from these. Thus, the terms polynucleation, referring to
the morphological approach and polycentricity to the functional,
become the pillars of research of modern metropolis transforma-
tions, and integrating both approaches lead to genuine study of
polycentrism (for further discussion see Marmolejo et al., 2013).
All approximations already seen answers two fundamental issu-
es in the study of polycentrism: the detection and identification
of the cores that make up the area, whether they are called sub-
-centers in the metropolitan scale or centers in regional; and to
measure the magnitude of the phenomenon in territorial dimen-
sion and dynamics it involves. What follows is a review of exist-
ing literature, taking as reference the criteria which, as we saw,
underlying the study of polycentrism.

Morphological approach

From the point of view of the morphology of cities, the polynuc-
leation basically refers to the plurality of urban centers in a gi-
ven territory, and more specifically to the balanced distribution
in size and importance of these urban centers and interaction
with their areas of influence. Under this perspective, a polycen-
tric development policy can be considered as one aimed at the
distribution of the economic functions on space, attempting the
territorial balance through the modulation of urban hierarchies
(Burger and Meijers, 2012).

Regarding the detection of the components of a polycentric en-
vironment it can be said that the element of analysis has been
largely associated to density workers and their distribution in
space. From this point of view, specialized literature has develo-
ped four methods as follows:
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a. Employment density peaks which consists in
identifying alterations or peaks over surrounding
areas by analyzing the spatial distribution of the
density function based on Geographic Informa-
tion Systems tools, being candidates to subcen-
tres those local employment peaks found. This
method was used in the first instance by McDo-
nald (1987) and taken up by McDonald and Mc-
Millen in 1990.

b. Reference thresholds, which take into acco-
unt both the density (jobs per square kilometer)
and absolute values or critical mass of jobs, of
which are highlighted works by Giuliano and
Small (1991), McDonald and McMillen (1998)
and Garcia-Lépez (2007).

c. A third approximation of density consists of
parametric methods that determine subcentres
by analyzing the positive residuals on an em-
ployment density function, as in the study of
McDonald and Prather (1994).

d. Finally, using non-parametric methods to
identify local employment density peaks, consi-
dering the specific local two-dimensional space
through the use of local or geographically weig-
hted regression, where McMillen and McDonald
(1997), McMillen (2001) Craig and Ng (2001)
and Readfearn (2007) are pioneers.

Meanwhile, in terms of dimensioning and mea-
surement of the phenomenon of polynucleation
at a metropolitan scale, mainly highlights three
practices:

a. The rank size distribution used by Hall and
Pain (2006) Meijers (2008) and Burger and Me-
ijers (2012) measures the equipotential centers
through their demographic size. The flatter the
rank-size relationship is more uniform the distri-
bution of the population, which can be interpre-
ted as a higher rate of polycentrism.

b. The analysis of the distribution of employment
/ population among centers through indicators
such as percentage or as integrated indicators
as entropy studied by Marmolejo et al (2012)
and Masip and Roca (2012).

c. The spatial distribution under the criterion of
measurement of the distance of the cores using
spatial autocorrelation of density or GINI indica-
tor, introduced by Tsai (2005).

Functional approach

The concept of polycentrism approached from
the functional perspective refers to the analy-
sis of flows that for very different reasons occur
between the cores and their hinterland linking
complementary functional areas. However, it is
implied that a number of prominent flows them-
selves do not guarantee the polycentric deve-



lopment of an urban or regional area, for which also necessary
to have some balance in emerging relationships such connec-
tivity. In this sense the more diverse (i.e. multidirectional), bidi-
rectional (i.e. reciprocal) and dense (i.e complementary or not
self-contained / self-sufficient) is the network of flows greater is
polycentricity. The polycentricity seems closer to the concept of
polycentrism of the ETE which presupposes that such develop-
ment reinforces the cores own economy by enabling network
economies (Boix and Trullen, 2012), complementary to the ag-
glomeration within concentrations of economic activity.

The functional approach is derived from the theory of systems
of cities (Berry, 1964; Pred, 1977; Dematteis, 1985), which is op-
posed to the central place theory (Christaller, Losch 1933, 1954)
as an evolution of the same and thus is best inscribed in the field
of geography. In recent literature three methods are applied to
detect subcenters by route of flow analysis:

a. The attraction ratio (multipurpose travelers attracted / employ-
ed people) using the criterion of identifying areas that attract
significantly more journeys than others after controlling for the
number of jobs on the contributions of Gordon, Richardson &
Giuliano (1989), Gordon & Richardson (1996).

b. The spatial interaction models, with criteria for identifying are-
as where attracted flows are higher than predicted by a gravity
model that controls the mass of both the attractor and emitting
area and the distance between them as Camagni applications
(1994); Trullen & Boix (2000).

c. That of the subsystems under the criteria for identifying are-
as that structure functional subsystems, understood by them all
the areas connected by high values of interaction (VI). The VI
is the bidirectional strength of connection of two zones being
calculated from flows, once mass controlled, used by Roca &
Moix (2005) Roca, Marmolejo & Moix (2009) Roca, Arellano &
Moix (2011).

On the other hand, functional methods for the measurement of
polycentrism from the functional perspective have been primarily
used on a regional scale where the interaction between the dif-
ferent centers is not as obvious as it is the interaction that arises
between the subcenters within a metropolitan area. In Europe,
in contrast to North America where the polycentric performance
mainly derives from concentrated decentralization from central
cities, the European polycentricity derives priority, but not limited
to, the incorporation of formerly independent centers, and there-
fore the emphasis has been the measurement of the functional
relationships between the centers attached to the network. The
following briefly describes the three methods developed for this
purpose:

a. The spatial distribution that Goei et al. (2010) applies to me-
asure bivariate relationships between centers unexplained by
their mass and the distance between them.

b. The indices based on mobility, for example internal centrali-
ty index, the rate of relative interaction, dominance, entropy of
flows, symmetry index, etc. This family of methods has been
used by authors such as Boix (2002); Limtanakool et al. (2007,
2009), Burger and Meijers (2011), Gallo and Garrido (2012);
Vi uela et al. (2012).

c. Based on social networks analysis, whose criterion is the me-
asurement of inequality in the distribution of flows among cen-

ters, used by Green, N. (2007) and on which we
delve into the next chapter, as it represents the
body of the present work.

Funcional polycentricity in metropolitan
areas

Within the family of methods oriented to study
the polycentrism from a functional perspective, it
highlights the contribution of Nick Green (2004,
2005, 2007). Green retakes graph theory used
in geography (Haggett, 1965; Chorley and Hag-
gett, 1967 and Tinkler, 1977) according to which
could be understood regions as formed by cities
that act as nodes in a network whose vertices
allow establishing complementary relationships
of people, material, energy and information. This
perspective allows us to incorporate aspects of
the topography of the region, as the number of
nodes or zones, and furthermore the level of in-
terlinking (diversity, bidirectionality and comple-
mentarity). Therefore, the author considers that
this is the appropriate framework for analyzing
what he calls “functional polycentricity”. Such
that different topographies (position of the no-
des or zones) can have the same topology (sha-
pe, and intensity of connection between them),
which is extremely useful when the derived in-
dicator is used to compare urban systems with
territorial conditions or different scale.

As with any system, the number of interlinkages
may be important, and the difficulty of imple-
menting the functional polycentricity indicator
lies not so much in the complexity of estimation,
but especially in lack of information. Thus, the
interlinking could be measured, among others,
by financial flows, emails, online shopping, pho-
ne calls, flows of buyers, leisure, medical servi-
ces or to visit friends, and work trips of course.
For Green it is enough to have more than one
node or area in the system and likewise there
are links between them to make it possible to
calculate the functional polycentricity. The theo-
retical development of functional polycentricity
index can be consulted in the original publica-
tions (Hall and Pain, 2006, and Green, 2007).
Here we will just simply say that the steps in-
volved in the estimation, in the case of labor
mobility are:

1) First, density of network interaction is calcula-
ted in terms of commuting A  as follows:

AC=T (1)

‘max

Where L is the total number of flows or mo-
vements of employed persons in the different
nodes/zones in the urban system (metropolitan
area in our case); Lmax is the difference be-
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tween the working population of the system and the resident
employed population in the smallest node.
2) With the previous network density is calculated specific index

of in-commuting polycentricity or inflows to each zone (P, ;) as
follows:
Popje=1- O A, 2

IC max

Where 6, is the standard deviation for in-commuting of analyzed
areas, while o, is the standard deviation between the largest
inflows and zero (since it makes reference to nodal degree of the
simplest network with two nodes, where the first takes a value of
zero and the second takes the largest in receiving flows).

In the same way is calculated specific index of out-commuting

polycentricity or outflows (P, )

(o}
Pyoc=1- i'Ac 3)

OC max

3) Then, as a previous step to calculate the General Functional
Polycentricity Index, it is necessary to derive a complementarity
modifier ¢ (fi), since total resident employed population (REP)
equals the total work places (WP) because are only taking into
account the flows that start and end within the urban system,
and therefore specific indexes are complementary. This modifier
is calculated as follows:

P :1—0[6“ e ) (4)
o-OCmax O-ICmax

4. As afinal step is calculated the General Functional Polycentri-

city Index P through the average of specific rates of input and

output flows weighted to the extent that are complementary, in

the following way:

P ¢'RS'F—1C 'PSH)C (5)

GF= 2

Note that the indicator is constructed with flows between zo-
nes, excluding those who stay in them. This is consistent with
the christallerian original concept of centrality and nodality.
For Christaller (1933) the centrality of a place is given by the
ability to attract flows (consumers of goods and services),
while the nodality for its ability to meet domestic demand and
thus is represented by those who live and consumed in the
same area, although in practice nodality has been assimila-
ted to the size of the nucleus. Then could be said that a mul-
tinuclear paradigmatic system would be the one where the
size of the cores is similar (not dominated morphologically by
none), while a paradigmatic in terms of polycentricity would
be one with a diverse, bidirectional and dense network (no
center monopolizes flows that receives or emits), Burger and
Meijers (2012).

As seen from the mathematical formulation, the general functio-
nal polycentricity index takes values between 0 and 1. If is close
to zero means that the system tends to functional monocentrism
with an important center in terms of employment, and also that
monopolizes the destination of labor flows from other areas. If
the indicator approximates one means that the system tends to-
wards functional polycentricity, as there is a more “democratic”
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or plural distribution of flows between areas, that
is, there is no dominating areas as destinations,
nor others left behind and therefore isolated.
Using labor flows, Hall and Pain (2006) have
found that this indicator in practice goes from
0.02 to 0.19. In their study, based on the ana-
lysis of the interlinkage of FUR (Functional Ur-
ban Regions) comprising the eight European
regional megacities1, Paris is the less interlin-
ked, while the RhineRur and Randstad are the
most interlinked and therefore with the highest
rate of polycentricity, as common sense sug-
gests.

Methodology, study area and data

The methodology of this work consists mainly of
the following:

1) Detect functional subsystems and subcenters
of the study area.

2) Delimitate metropolitan areas as the integra-
tion of functional subsystems.

3) Calculate the level of functional interlinking
within each metropolitan area through functional
polycentricity indicator of Green (2007) having
separately as inner unity of analysis municipali-
ties, subcenters and subsystems that comprise
those areas.

For the detection of functional subsystems and
the delimitation of metropolitan areas subject of
this study, it’s been used the municipal integra-
tion method based on the value of interaction
proposed by Roca, Moix and Arellano (2012),
since it is well suited to our interest because:
1) is based on the analysis of commuting flows
by pairs of municipalities and is therefore con-
sistent with the search for the boundaries of
the local systems, 2) considers bidirectional
center-periphery relations and hence is able
to apprehend the complexity of contemporary
mobility, 3) ignores the arbitrary thresholding
of flows in absolute or relative terms as is com-
mon in most of the methods for detecting FUR
(functional urban areas). This method allows
to find urban subsystems within metropolitan
areas that are self-contained by 50%, that is
that at least half of employed people living in
municipalities are actually working in a munici-
pality of the same subsystem. The authors ex-
plain how, through the same interaction value
calculated between subsystems, it is possible
to find metropolitan areas, and for consistency
in this work have been identified likewise the
real cities of study.

The scope of the study is limited to the seven
major metropolitan areas in Spain: Barcelona,
Bilbao, Madrid, Malaga, Seville, Valencia and
Zaragoza.



Atrtificialized soil

Global Density

MA Municipalities (km2) wP Population (WP+Pop/km?)
Madrid 183 860 2.446.400 5.542.843 9.291
Barcelona 184 745 1.903.867 4.530.164 8.636
Valencia 104 308 686.247 1.792.375 8.046
Sevilla 52 237 447.849 1.381.531 7.719
Bilbao 123 112 445.666 1.231.367 15.024
Malaga 32 194 366.525 994.984 7.032
Zaragoza 88 127 301.860 724.335 8.066

MA: Metropolitan areas
WP: workplaces
Source: Corine Land Cover 2000 and Population Census 2001.

il. 1. Main metropolitan areas in Spain

The information sources used are:

1) In terms of demographics and travel-to-work the Population
and Housing Census 2001.

2) In terms of data related to consumption and land use the Co-
rine Land Cover 2000.

3) In terms of road network infrastructure the Tele Atlas in 2001
and the network of stations and halts the RENFE and other su-
pra-regional rail services.

4) The optimal distance matrix between subsystems and muni-
cipalities calculated from the data of the previous point with the
help of a specific transport SIG.

5) Digital Terrain Model with a resolution of 1 pixel = 80 * 80
meters from which has constructed topographic indicators.

Polynucleation and polycentricity

in the Spanish urban system

As mentioned, the vast majority of studies on
polycentrism in Spain have focused on the
analysis of polynucleation. Whether analysis
methods have been based on morphological
criteria, such as the analysis of spatial patterns
of employment density, or functional as the de-
tection of nodes that are especially relevant in
attracting flows, the common destiny of these
studies has been the identification of the po-
lynucleation level. In this work was carried out
the analysis of the magnitude of functional
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polycentricity for the seven major metropolitan areas in Spain.
Firstly, the calculation was performed for each metropolitan area
taking municipalities as the unit of analysis, in the second, the
analysis was based on the subcenters identified in previous stu-
dies (Roca et al. 2009) and in the third part, the analysis was
performed at the level of the subsystems that comprise each
metropolitan area.

The functional polycentricity index estimated considering com-
muting flows between all the municipalities of the seven me-
tropolitan areas is presented in the table below. It was found
a high level of polycentricity in the metropolitan system of Bil-
bao, a medium level of polycentricity in Barcelona, Valencia and
Madrid, and a lower level in systems Seville, Malaga and Zara-
goza. The table also warns that urban systems with higher level
of polycentricity among their municipalities are obviously those
with less self-containment, that is, in these areas there are more
flows or connections between the towns, and in turn, there are
lower levels of functional polycentricity in systems with higher
self-containment levels, as expected.

As a second step it was calculated the level of functional polycen-
tricity between subcenters of the Metropolitan Areas, grouping
the municipalities of the CEC (Continuous Economic Center)? as
the primary subcenter or CBD (Central Business District). The
lower table data reveals that in this case the greater polycentri-

Table 1. Functional polycentricity among municipalities of the Metropolitan Area

city level are precisely those most polynuclear
systems, so is the number of subcenters and
their relative importance in terms of metropolitan
employment concentration (Subcentrers Com-
muting (not CEC)). These are Barcelona, Va-
lencia and Bilbao, followed distantly by, Seville,
Madrid and Zaragoza. Malaga is a very special
case, because having fewer cores, they concen-
trate a significant amount of economic activity,
so that the metropolis would tend more towards
the equipotential, since the presence of major
tertiary centers such as Marbella and tertiary-
industry as Torremolinos or Fuengirola compete
with the central city.

However, polynucleation can also be analyzed
from another reading based on the weight of
CEC subsystem, as a macrocephalic urban sy-
stem would have a large share of employment in
its center, displacing the rest of the subcenters
to a secondary role. In this line of thought, it is
possible to rank urban systems in terms of the
relative importance of their principal core, thus
as a result, Zaragoza would be the most macro-
cephalic system, with a weight of 95.6% of sub-

MA Total Commuting In-commuting Self-containment Municipalities Pgf
Bilbao 430.056 227.460 47,1% 122
Barcelona 1.854.082 792.564 57,3% 184
Valencia 659.612 264.042 60,0% 103 B o3
Madrid 2.328.709 871.477 62,6% 183 ~ 0,306
Sevilla 427.498 120.237 71,9% 52 B ] o187
Malaga 340.105 67.267 80,2% 32 B o114
Zaragoza 283.788 39.473 86,1% 88 B | o101
Pgf: general functional polycentricity
Source: INE, 2005.
Table 2. Functional polycentricity among Metropolitan Area Subcenters

MA Cor:(:r:aulting Con::nflcj:ting gl;?ncr:r;:?r:z Subcenters Pgf

(no CEC)

Valencia 361.110 256.747 19,8% 18
Barcelona 1.218.005 889.210 21,9% 24
Bilbao 257.557 310.317 15,5% 15 B o042
Malaga 241.389 164.442 23,1% 5 B | o022
Sevilla 229.197 202.710 6,9% 8 ‘3 0,013
Madrid 1.480.448 1.376.415 5,5% 9 1 0,011
Zaragoza 250.943 239.905 4,4% 8 1 0,007

CEC: Continuous Economic Center
Pgf: general functional polycentricity
Source: INE, 2005.
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centers commuting, followed by Madrid and Seville, in a second
group would Bilbao, Barcelona, Malaga and Valencia that would
be the center with less significance in relation to the whole me-
tropolitan area.

If both forms of reading the urban structure are sorted in a Car-
tesian plane emerges the image of the figure below, where can
be observed very clearly two families of metropolitan systems.
The first one consists of Zaragoza, Madrid and Seville where
the center tends to dominate at the expense of the number and
specific weight of the subcrnters, and the second, consisting of
Barcelona, Valencia, Bilbao and Malaga in which the opposite
occurs: the center has a lesser importance, compared to a more
abundant number of cores and their economic weight.

It is interesting to note how the size of the metropolitan system
has little or no influence on the number of cores, as Madrid and
Barcelona, which are very similar in terms of population and
number of municipalities, are at opposite ends and so it is Ma-
laga in relation to Zaragoza. Instead, the territorial matrix upon
which rest the urban systems seems to have an influence on the
polynucleation as is evident in the case of Barcelona and Bilbao

90%
85%
agoza
75%
Madrid
70% 7
=65%
60% Sevi

55%

in CEC

50%

<<-- Less— Monocentrism —More -->>
% WP

459

40% T T T T
0% 5% 10% 15% 20% 25%
% WP in potential subcenters except for CEC
<<-- Less— Policentrism —More -->>

il. 2. Polynucleation level of urban systems in Spain
Note: The size of the spheres is representative of the number of cores / subcentres of
the metropolitan system.

Table 3. Functional polycentricity between the subsystems of the Metropolitan Area

where the cores follow the valleys or distributed
along watersheds.

The table below details the result of applying
the Green indicator of functional polycentricity
at the level of subsystems that comprise the
metropolitan areas, leading to the third set of
estimations of this work. As shown, Valencia
and Barcelona stand out as the systems with the
largest polycentricity of those studied. Bilbao is
in an intermediate position, and Malaga is clo-
ser to urban systems group with the lowest le-
vel of polycentricity constituted, in this order, by
Zaragoza, Madrid and Seville. Therefore, while
Malaga has a multinuclear structure that moves
toward equipotential in terms of the weight of
the economic activity of its cores, is far from the
cities where the subsystems denote the highest
labor interlinking among them. Instead, we can
say that Zaragoza, Seville and Madrid are less
polycentric cities both in terms of their low level
of polycentricity as polynucleation.

Meanwhile the correlation between the average
of self-containment of the subsystems consti-
tuting each metropolitan area and the general
polycentricity index (r = —0.918) confirms that
the metropolis formed by self-sufficient systems
are those in which there is less interaction within
subsystem, as is apparent. This means that the
greater the policentricity the higher the density
or network opening (measured as the ratio be-
tween the flows and work places), more relian-
ce exists, therefore, between the various subsy-
stems that make up the metropolis.

If the above data are analyzed, unfolding the two
constituent parts of the general polycentricity, it
means, the specific polycentricity of input and
output flows, one can see how the larger metro-
politan areas tend to have greater polycentricity
in their inflows regarding to out commuting. This
correlation may be due to that larger cities have

Subcenters psf psf
MA Subsystems Self-containment Commuting . . . Pgf
(no CEC) (in-commuting) (out-commuting)
Valencia 18 75,3% B ok 0,13
Barcelona 24 77.5% b 0,14
Bilbao 15 86,9% B ls55% 0,07
Malaga 5 89,4% 23,1 0,03
Sevilla 8 94,9% |l 6,9% 0,02
Madrid 9 96% || 5,5% 0,03
Zaragoza 8 96,5% bl 4,4% 0,01

Psf: specific index of Polycentricity
Pgf: general functional polycentricity
Source: INE, 2005.
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il. 3. Polynucleation vs. Polycentricity
Note: The size of the spheres is representative of the number of cores / subcentres of
the metropolitan system.
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Orbital polycentricity

The bigger the sphere, the bigger the radial polycentricity than the orbital

F,GF PGForbitaI PGFradial PGF radial/ orbital
Madrid 002 | 0,00 ] 002 BT 10
Barcelona 013 I | 0,04 HEN o009 B 2,5
Valencia 013 I | 0,02 I 0,10 |l | 42
Sevilla 0,02 | 0,00 B | 0,02 R 164 |
Bilbao 007 I 002 B | o005 E] 2,8
Zaragoza 0,01 0,00 [ J] 0,01 [ 16,6
Malaga 003 [ 001 I | 0,03 | 3,4

Source: own elaboration

il. 4. Radial and orbital polycentricity

Barcelona
Valencia
Bilbao
Malaga
Sevilla
Madrid
Zaragoza

il. 5. Polycentrism in Spanish metropolises
Note: Units are factorial scores, the more positive they are, the greater the level of poly-
centrism (polynucleation and polycentricity).
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bigger subsystems capable of hoard inflows in
a more democratic way in relation to emissions
of workers.

So, is there a relationship between the polynuc-
leation and polycentricity? The simple statistical
conjunction suggests that there is, since the
correlation between the number of subcenters
and general polycentricity is r = 0.918, and the
correlation between the relative weight of the
subcenters in terms of economic activity and
general polycentricity is r = 0.717. As seen in
the chart below the correlation is not perfect,
since, as was said before, Malaga has a higher
polynucleation level than the level of polycentri-
city, while, according to the trend line, Seville,
Madrid and Zaragoza has a higher the level of
polycentricity than their level of polynucleation.
This same finding was highlighted by Hall and
Pain (2006) in his POLYNET project in which the
Greater London, markedly monocentric system,
was found to have a higher level of polycentricity
in relation to their level of polynucleation.

If we repeat the analysis splitting radial (the inte-
ractions of subcenters with the centre) and orbi-
tal relations (the interaction between subcenters
not considering the relation with the centre), it
emerges the image of Figure 4. In such an ima-
ge it is evident that most of the functioning in
urban areas in Spain is radial, it supports the
idea that cities highly rely on the monocentric
paradigm. Nonetheless, some areas, such as
Barcelona, Bilbao and Valencia depict some evi-
dence of orbital polycentricity. Such a finding is
important on discussing quality of life of housing
environments since orbital polycentricity rely on
the existence of connections and public trans-
port connecting the subcentres without passing
thorough the center of the city. This reality con-
trast with the fact that most of the infraestruc-
tures are designed to connect peripheries and
centres and not subcentres with subcentres.
Finally, in an attempt to bring together the topo-
graphy (polynucleation) and topology (functio-
nality) of the network in a more general indicator
of polycentrism, it has been carried out a factor
analysis with the various dimensions of polynuc-
leation (ie number of subcenters, % of WP in
subcenters, % WP in the CEC) and polyfunctio-
nality. The result of it is a principal component
(able to synthesize the 78% of the information)
whose factorial scores are significant of the level
of Polycentrism in metropolitan systems. The
table below reflects the results of this analysis
where are three clear paradigms: polycentric ci-
ties (Barcelona and Valencia), moderately poly-
centric (Bilbao and Malaga) and less polycentric
(Seville, Madrid and Zaragoza).



It could be said that a desirable urban environment is charac-
terized by plurality and diversity reflected in the coexistence of
different land uses to ensure the development of daily living, it
means that its people have the ability and liberty to carry out any
activity they choose from a wide range of options. A simplifica-
tion of human life we can see depicted in the two main activities:
the one that performs within their house and in their workplace.
In terms of urban structure, the confluence of these two activi-
ties in the same environment is knows as self-containment in
the sense that the resident does not have to move out of it to
perform one of the two activities, which in metropolitan, that in-
volves an enlarged scale beyond the city limits, it is understood
that the purpose can be achieved within the development of po-
lycentrism.

But, according to the theoretical framework of this paper, which
of the components of polycentrism are we talking about? What
is more favorable on residential environments in terms of qua-
lity of life and in seeking for that house of tomorrow? Certainly,
a polycentric metropolitan area in morphological terms, charac-
terized by the existence of prominent, robust and self-contained
nuclei, with greater diversity of land uses, leads to a reduction
in mobility through the minimization of long-distance travel and
as a consequence to a reduction in time and cost used in such
movements. In this way the individual, in this case the worker will
have more time for leisure or for performing any other activity that
allows to develop as he/she wish. This side of polycentrism can
advocate for the existence of transport systems environmentally
cleaner that ultimately favor the quality of life and environmental
sustainability of urban places.

On the other hand, the higher level of polycentrism in functional
terms, namely polycentricity, is indicative of a greater number
of journeys from residence to work since at the regional scale
stands for coexistence and complementarity in their different
centers, prominent and vigorous, and also self-contained re-
lative to their hinterland. This network cities cooperation the-
refore requires more efficient transport systems for both radial
and orbital displacements between centers that constitute the
network. A greater polycentricity implies that a greater num-
ber of journeys are supported by the complementary and the-
refore the specialization of economic activities in the nuclei,
so that firms would benefit from agglomeration economies le-
ading to less congested residential environments more apt to
reproductive activities, which undoubtedly can be desirable in
terms of sustainability, economically speaking, of the house of
tomorrow.

So, the idea of polycentrism, far from being a finished concept,
represents the search for an improvement in sustainability of
residential environment and in that sense this work, without
wanting to impose a preconceived and static idea of optimal
level of polycentrism, seeks to point out that greater polynucle-
ation and greater interconnectivity may result in improving the
quality of life of large-scale metropolitan systems. Bearing in
mind that the quality premise involves a number of attributes
and elements as a result of a collective agreement between
economic beings, finding the right balance between both sides
of the coin can be considered indeed a significant task of the
urban planner.

Conclusions

The significance of the concept of polycentrism
has to be understood as a process and not a fi-
nished definition. In this article we try to provide
elements that nourish the debate, in the sense of
supporting a definition certainly based on both
morphological and functional criteria. In this con-
text we are not wrong in saying that a polycentric
urban system should be one structured in several
(poly) centers, which interact both with their im-
mediate surroundings (forming subsystems) and
between them (establishing relations of comple-
mentarity). Not enough, therefore, that there are
many cores but also necessary that there is an
obvious connection between them.

The empirical program undertaken suggests,
for the seven major Spanish cities, that there is
a strong relationship between polynucleation
(defined as the number of sub-centers and their
relative weight) and polycentricity (understood
as the level of functional interlinking among
subsystems structured by subcenters). Howe-
ver, this correlation is not perfect and the case
of Malaga is paradigmatic, as long as its functio-
nal interlinking level is lower than suggests its
high level of multicentric equipotentiality in the
morphological way.

Basically, functional analyzes have shown that
almost every metropolitan area has a strong mo-
nocentric component, being the policentrism an
emerged stadium at most of them, derived from
the integration of former originally independent
cores, than the appearance of new ones as po-
lycentrism in North America. However, in some
areas like in Bilbao, and especially in Barcelo-
na, evidence strongly suggests of functional
polycentric relationships between subcenters
that would justify the creation or enhancement
of road /rail systems promoting complementary
relationships historically created. Improving in
this way the quality of life in such housing and
working environments.

Is the polyfunctionality, namely, functional po-
lycentrism, something desirable? The answer
depends on what is being analyzed. In the case
of labor mobility, as studied here, the level of
functional interlinking is positive, as it enables
territorial complementarity by the flow of human
capital that benefits companies, and provides
more job opportunities for people; but could
also be harmful to the extent that mobility has
an environmental and social cost when travel
time is detrimental to reproductive activities.
Improving the transport systems connecting
subcenters promoting sustainable systems
may help to overcome the negative aspects of
excess-mobility.
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ENDNOTES:

" South East England, Paris Region, Central Belgium, Randstad, RhineRuhr, Rhine-Main,
Northern Switzerland EMR and Greater Dublin

2 The CEC were defined as the group of functionally integrated municipalities via the interac-
tion value, to the central municipality, and also with a workplace density above 700 LTL/km2,
criteria latter resumed GEMACA methodology, which defines central economic agglomera-
tion from contiguous municipalities which in addition to having the density of economic activ-
ity mentioned, have an overall mass of 20,000 workplaces. It is important to mention that in
the seven urban systems, CEC consist in all neighboring municipalities which are consid-
ered as urbanized municipalities whose urban fabric are less than 200 meters apart. In the
case of the Metropolitan Area of Malaga, Seville and Zaragoza, the CEC is defined only by
the municipality of the city center (Marmolejo, et al. 2011).\
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