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ABSTRACT:

Zipf Law (Zipf, 198) is an empirical evidence which shows a relationship between
rank and size of cities. The largest city shoud be n-times as larger as the n largest city: the
size of ead city is measured by its popuation and the aty with largest popuation hasrank 1,
and the seoondrank 2,and so on.

This Law has performed surprisingly well for the size distribution d cities in most
indwstriai sed courtries, athough a mnvincing theoreticd framework for its existenceis 4ill
laking. Many different analyses have been dme in the literature for explaining such
evidence Generdisations of Krugman (1991 ab) modds -with human capita and
congestion- where their outcome ae rank-size distributions (as contrary to the origina:
spreading of identical size dties).

This paper focus in the analysis of the rank-size distribution for the Spanish regions
since 1960 thru 1998,trying to study the distribution and type of urban aggomeration by
regions. Also, the evolution d these agglomerations is contrasted. The paper concludes
remarking important differences between the regions and analysing the diff erent patterns of

agglomeration d Spanish regions, where Zipf Law is nat fulfill ed.

Keywords. urban agglomeration, scale econamies, negative feedbad, forward linkage.
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. INTRODUCTION

The analysis of cities and urban agglomeration kegan with the seminal works of von
Thiren (1826, Weber (1909, Christaller (1933, Losch (1940, who explained that urban
agglomerationis ascade eonamies process A brief historical overview of this discipline take
us to anayse the initia studies by Adam Smith (177§ abou labou divison and
speaadlisation. Marshall (1890 already started the first contribution to industrial all ocaion,
explaining the benefits of agglomeration through externaliti es. Advantages of agglomeration
explain the dty genesis. These alvantages increase a growing and spedalisation do, b they
beamme aproblem when the urban structure grows too much and congestion costs are too

large.

In the first part of the 20", Christaller (1933 offered an interesting regional location
analysis based onthe Central PlaceTheory. He introduced concepts such as city systems, and
urban hierarchy, usual terms in today reseach papers. Completing this model, Lésch (1940
proves that under certain condtions the obtained equilibrium results in a hexagondl

morphdogy of city systems.

After some empiricd analysis, Zipf (1949) discovered thereis aregular distribution o
the sizes of the dties of a wurtry diredly related to -as a sequence the importance of each
one of them in terms of popuation. This particular case of rank-size distributionis cal ed Zipf
law (ZL).

Isard (1956) renewed urban econamics transating and systematically expasing texts
from the German Schod. It was nat urtil the pioneeing model of Alonso (1964 when urban
eoonamics took df. This model suppacsed the first theoretical analysis, under a standard
microeconamic framework, where residential choices of urban inhabitants are studied. This
model was generalised later on by Mill s (1967, Muth (1969, De Salvo (1977), Fujita (1989)
and ahers. Besides Zipf (1949) reseach and ZL suppcse an empirical evidence for many

different courtries.

Mainly, there ae two theoreticd arguments for explaining ZL. First, Krugman (1997)

did an analysis of urban agglomeration through a simple model of two regions. However, his

general equili brium framework is uselessfor explaining ZL because the model outcome was

aset of identicd (in terms of size) cities or just one dty. New generali sations of this modd -
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where congestion and spillovers (of information) are included- are able to generate rank-size
distributions (see Alonso-Villar, 1996; Brakmant et al., 1999).

Second, according to Simon (1955) arguments on lognormal distributions, Berry
(1961) exposed that lognormal distributions (as terminal points of random pertubances) reach
higher degree of entropy. Gabaix (1999a, 1999b) revisits original arguments of Gibrat (if

growth process is stationary, distribution of cities will follow the ZL) in his late papers.

The target of this paper is to analyse the process of agglomeration of Spanish regions
in the last 50 years, using the estimation of rank-size equation. The second section is
dedicated to theoretical framework. The sample, method and some considerations are

anaysed in the third. Results are performed in the fourth section. The fifth concludes.

II. THEORETICAL BACKGROUND

I1.1. Zipf Law

Zipf described the process of agglomeration as the result of two forces implied in the
growth and development of cities. "Unification" force, derived from speciaisation and
industrialisation of cities (circular causation for Myrdal, 1957, and Hisrchman, 1958),
implies large processes of agglomeration and consequently big cities. "Diversification" force,
driven by commuting cost (the distance between raw materials location and the cities itself),
could be the reason for a dispersed habitat.

Following Zipf arguments, an increase in labour productivity (or a decrease in
commuting cost) produces higher unification force and, therefore, a smaller set of bigger
cities. If cost decreases (or productivity grows) indefinitely, the only outcome should be an
extreme situation: a large city, where the whole population lives (identical result than
obtained in Krugman, 1991). In this sense, urban agglomeration is caused by technology (in
terms of productivity or commuting).

However, since is not possible to allocate all the population in only one city
(maximum level of agglomeration) or in n-identica cities (absolute spreading) the
distribution of population will depend on the intensity of each force, and the outcome will be
an equilibrium between them.

A rank (r) is obtained after ordering the citiesin term of its population:



rPY =K, [1]

wherer is the position of the city in the rank; q is the result of unification and diversification
forces; P; is the j-city population; and K is a constant.

In equilibrium context (under Zipf hypotheses), where unification and diversification

forces are balanced the value of g should be one. Then, ZL can be defined as.
RS =C ;j=1.,r, [2]
where R istherank of the j-th city, § isits size (population) and C is a constant.

Previously, Lotka (1925)° formulated the generalised specification of rank-size
distribution, in the next form,

RIS, =C ;j=1.r. [3]

Then, ZL is only a particular case of Lotka equation. We may conclude that ZL
expresses the rank of cities in terms of their population, where the largest one has rank 1, the
second city holds the 2™ position, and so on. Under ZL (g=1) the most populated city will be
k-times larger than the k-th city.

The empirical test of ZL can be fulfilled through the estimation -in log form- of [3], in
which the value of o is derived,

log(Sze) = log (C) - q log(Rank))+ & [4]

being j=1,2,...n, the number of cities. In terms of distribution, this means that the probability

of the size of any city being larger than any Tisto U/T: P(Sze>T)= a/T® with g1, i.e. LZ*

When g>1, the largest city is bigger than ZL forecast, so there is an inequality in
terms of city sizes, where the biggest one is more populated than ZL prediction. If 0<g<1,

the function gradient is smaller that ZL prediction, resulting in a more homogeneous

* See Parr (1985) and Roehner (1995) for a deeper survey.
*ls very common to find the inverse specification of [3]: log(Rank) = log (C) - g log(Size). Zipf did
analysis in both ways.
* An alternative expression is done in Gell-Mann (1994): P(Size>T)= a/(T+c)q, where c is a constant.
For a deeper insight see Gabaix (1999a, 1999b).
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distribution of cities. Therefore, small values of q (g<0.7) imply a big degree of dispersion
(urban sprawl).

I1.2. Zipf Law in General Equilibrium Framework

Krugman (1991) begun a new research line, revisiting the classical Germans works,
specialy the contributions of Myrdal (1957) and Hisrchman (1958). He avoided the idea of
perfect competition introducing monopolistic competition framework; where scale returns are
produced a firm level®. Nevertheless his model is useless for explaining rank-size
distribution because the model outcome is just one city or n-identical cities (spreading)®. If
real wages are higher in large cities, labours move to big cities, causing higher economic
growth (demand increases — bigger production — higher labour demand, etc.) —"forward
linkage". As a consequence of alarger local market, new scale returns are produced, so the
process will be more intense —"backward linkage'. In the long term, a complete
agglomeration will be produced.

The non-existence of congestion in this model drives to the result mentioned above,
where rank-size distribution can not be analysed. However, new papers introduce congestion
in this framework. Congestion is a consequence of urban agglomeration (increasing with the
city size). Usualy, two types of congestion costs are anaysed in the literature: commuting
and congestion costs, assuming that they limit the growth of cities: (2) commuting costs are
generally compensated with lower housing prices (Krugman & Livas Elizondo, 1996)°. (b)
costs produced by agglomeration: crime, pollution, traffic, etc. Alonso-Villar (1996) explains
this cost introducing an "iceberg" parameter that affects negatively the labour supply. Thus,
commuters (in the case of Krugman-L.Elizondo) suffer high commuting costs and central
householders (A-Villar frame) bare high levels of crime, noise, etc., measured in high prices.
However, Alonso-Villar offers an alternative: if commuting costs are too high, householders
could choose a location outside the city-core -avoiding congestion- generating a more
dispersed habitat. Puga & Venables (1997) introduced the vertical relationship between firms
as another alternative: if commuting costs (related to purchase of intermediate commodities)
are too high, firms have incentive to change their location.

® As opposite to the traditional analysis of perfect competition of Henderson (1974) where scale return
are produced at industry level.
®|f technology is identical for all firms, in the long term real wages depend on size market of each
region. Therefore, in equilibrium, a big agglomeration or identical size-cities is the only outcome. See
Brakman et al. (1999) for a deeper study.
’ Similar to intra-urban location models (De Salvo 1977; Fujita, 1989).
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Despite these references (and improvements in location theory), one of the main
features of increasing return models is that equilibria are not unique and un-predicted. Rauch
(1993) and Arthur (1990) described that the final equilibrium reached by a region is
conditioned by its history. Moreover, the role of its history is not clear, the final outcome
could not be related to its the origin but caused by any historical accident ("big-push”), being
this the only responsible for the final equilibrium.

The last generation of these models introduce human capital. This variable is analysed
as an externdity that arises from the interaction between individuals (“informational
spillover"), reinforcing agglomeration processes. This positive local externality causes an
increase in labour productivity and stimulates the development of the city. The whole process
repeats itself through "forward" and "backward" linkage. The most important consequence of
this model isthat it determines a new kind of equilibrium: co-existence of two kind of cities,
big and small ones. Brakman et al. (1999) generalised that idea in a N-cities model, using
iceberg costs, technological spillovers and congestion. Labour migration is produced until
real wages between cities is balanced, resulting in an equilibrium where city-sizes are not
identical. The final distribution is a consequence of the history ("path-dependent”), where
congestion ("negative feedbacks") is determinant in the final location of firms.

As a conclusion, last papers show that rank-size distribution is perfectly compatible
with genera equilibrium modelling. So, ZL could be the outcome of any particular

modelling.

11.3. Profitsand Costs of Agglomeration

It is common in recent literature to detail the high cost of agglomerating (in terms of
noise, pollution, commuting and so on), but also there many benefits in this process. Along
this section the main benefit/cost and contribution are briefly explored.
11.3.1. Profits
a) Moving commodities. When firms are located close to each other, commuting costs of
moving commodities between them are lower. If many firms are located in the same city, the
local market is larger and "domestic" demand is high too (forward linkage). So, the cost of
moving commodities falls. Scale returns and diminishing commuting cost are obvious
benefits of agglomeration. (Hirschman, 1958; Fujita, 1989; Krugman, 1991; Glaeser, 1998).



b) Moving people. "Econamics of superstars® (Rosen, 198) is an easy way of explaining
this advantage. The market for any professonalsis larger in abig city (than in a vill age) and
their chances of matching are dso higher. That is why skill ed workers usually migrate to hig

cities®, even urskill ed have more oppaturnities in cities™*°

. A larger labou market is another
advantage of urban agglomeration. Similar arguments are related to the bargaining power of
urban workers, an utility derived from human interaction and a lower risk of unemployment.

(Rosen, 1981 Lucas, 1988 David y Rosembloom, 199Q Rauch, 1997).

¢) Informational spillovers and "learning in cities'. Intellectual atmospheres are owmmonin
big cities, the cmncentration d skill ed workers arises to an informational spill over over all
labous (Jacobs, 1969 Lucas, 1988 Saxenian 1999. Some recent papers conned firms
concentration, intelledual spill overs (education) and emnamic growth (Benabou, 1993
Rauch, 1993 Martin y Rogers, 1994 Henderson, Kuncuro and Turner, 1995.

[1.3.2. Costs

a) Costs of living and commuting. Both are dealy correlated to city size. A bigger city means
higher costs of living and commuting. These @sts are arguments against urban

agglomeration and metropditan areas. (Henderson, 1974 Glaessr, 1999.

b) Pollution. Thisis nat just an urban problem, but it is frequently related with the size of the
city (emissons). Kahn (1996 shows that this problem is presently decreasing because of
techndogy and, spedally, governmental legidation.

c) Other costs. Anather kind  common poblems at the dties are high rates of crime (Rosen,
1981), adverse selection and presence of freeriders (Becker, 1968 Glaeser, 1999, and are

caused by the anonymity.

® For seminal paper on labour migration and efficiency see Flatters et al.(1974) and Harris-Todaro
(1970). As a recent reference Kundu (1999) could be useful. See De La Fuente (1999) for a recent
analysis of the Spanish case.
°A higher concentration (market) decreases the variance of labour demand and, wages fluctuations.
1% Glaeser (1998) supplies a simple example: to compare yellow pages as proxy of the level of
specialisation. He finds a clear and direct relationship between size and specialisation.
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[11.METHODS, DATA AND SAMPLE

Source. The Statisticd Information Sedion d the National Institute of Statistics
(Instituto Nadonal de Estadistica, NE) provided us the popuation database. This information
isavailable for al administrative urban nucleus, withou any cut-off. The periodicity is every
ten years data. The sample used in this paper cover the avail able information since 1960thru
1998.

A seondary analysis was performed using information suppated by BBV (stock of
pudic and pivate capita; gross added values ries -by sedors). Even the Encuesta de
Pobladén Activa has been studied for analysing labour productivity (in industrial sedor).

Method. Estimation d distinct values of q from equation [3] -in the logarithmic
spedficaion[4]- is performed by OLS. Sample minimal size (S;i»n=10.000Q iscities of at least
ten thouwsand people, following Brakman et al. (1999 criteria Similar estimations are
repeaed using alarger sample (S,in=5.000 for a better understanding of urban agglomeration
Processes.

Sample (cut off =Syip). The size of the last city (included in the sample) is determinant
in analysing rank-size distribution. Different authors have used several samples. Gabaix
(19991 proposed to use a sample of the 100 largest cities. Zipf (1949 also used the same
cut-off. (100 largest American metropdis) althouwgh, afterwards, he used open samples
($4in=50.00Q. The analysis of Mills & Hamilton (1994 is dore for 2.500people aties (cut-

off). Brakman et al. (1999, used S;ir=10.000 labitants nucleusin Holland.



IV.RESULTS

Along this sdion we will perform the estimation d rank-size equation [4]. This
estimation hes been made for each region for al the periods (19601998). Thus we have five
estimated equations for ead region. The outcome of this analysis is siown in the table
below.

Table 1: g for each region

1960 1970 1980 1990 1998
L) ) 3) (4) (©)

Andalucia 0,74 0,83 0,90 0,90 0,89
Aragon 1,39 1,32 1,41 1,38 1,43
Asturias 0,90 0,99 1,06 1,11 1,12
Baleares 1,06 1,05 1,00 0,98 0,90
Canarias 1,01 1,02 1,06 0,98 0,98
Cantabria 1,57 1,41 1,28 1,32 1,21
Cadtilla-Ledn 0,99 1,10 1,18 1,22 1,19
Catadlufa 1,15 1,10 1,07 1,02 0,96
CadtillaLaMancha 0,62 0,73 0,84 0,88 0,89
Extremadura 0,70 0,89 0,98 1,02 1,01
Gdlicia 0,76 0,82 0,83 0,85 0,83
Madrid 3,05 1,62 1,45 1,40 1,30
Murcia 1,01 1,03 1,04 1,02 0,99
Navarra (---) (---) 1,36 1,38* 1,48
Pais Vasco 1,04 1,01 1,02 1,00 0,99
LaRigja ()  2,00* (=) () ()
Vadencia 0,84 0,82 0,82 0,83 0,79

All the mefficients are significant for a=0.01, except * a=0.05 and ** a=0.10. Where (----)
means nat significant coefficient. LaRiojais not significant, so it isnot analysed.

We will analyse these vaues in three steps. First, severa paths of urban
agglomeration are observed: a very few regions are in process of agglomeration, dhers in
stabili ty and most of them are in processof sprawling. Second, dfferent ecnamic aguments
(scde emnamies, path dependence, stock of capital, etc.) are used for a better understanding
of these stylised fads. Finaly, the path of migration is contrasted; we will use abigger
sample (and the eguation abowe is re-estimated for all the cases).

1) Four phases of urban agglomeration in Spanish regions
A simple view of table 1 reflects that, dong the time, some regions have been
showing processes of agglomeration (Asturias, Castilla la Mancha (CLM) and Navarra);
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other regions (Baleares, Catalufia, Cantabria and Madrid) have been dminishing their level of
agglomeration duing the whole period. A third group (Andalucia, Aragdn, Pais Vasco and
Valencia) show an irregular behaviour: their levels increase sometimes and deaease some
other timer (we will name them "stable"). The last group contains regions (Canarias, Castill a
Leon, Extremadura, Galicia and Murcia) that, duing the period, achieve the top level
(maximum level of agglomeration) and afterwards beginning to invert this process i.e. there
isamaximum. Table @tempts to summarise these scenarios.
Table 2: phase of agglomeration d Spanish regions

Region Sarting point  Final point

1960 1998
Baleaes 1.06 0.90
Catalufia 1.15 0.96
Madrid 3.05 1.30
Asturias 0.90 112
Agglomerating (A) | Navarra () 1.48
CLM 0.62 0.89
Canarias 101 80(*) 098
_ C.Leodn 099 90(*) 119
Maximum (1) | Extremadura 070 90(*) 1.01
Gdlicia 0.76 90 (*) 0.83
Murcia 1.01 80(*) 0.99
Andalucia 0.74 0.89
Sable (9 Aragon 1.39 1.43
Pais VVasco 1.04 0.99
Valencia 0.84 0.79

(*) point (yea) of maximum

Regions in group D, are deaeasing their level of agglomeration duing the whole
period (thus, they suffer from congestion); group A includes regions in phese of constant
unificaion (agglomeration kecomes gronger withou congestion); group | includes regions
with ore maximum; the last group regions with more than ore inflexion pant or stables are
presented.

Abou these results, threestylised fads seem to be relevant:

1) In 1998(right side, table 2), still there ae afew Spanish regions with
very high level of agglomeration (Asturias, Cantabria, Madrid, Navarra

and so on).

" Then, unification force is weaker than diversification force. In other words, these regions suffer from
congestion in theirs largest cities. Although scale economies tend to concentrate production in
centrally located cities, importance of negative feedback may results into less concentration (come
back to smaller cities).

10



2) Most Spanish regions have readhed their maximum level of
agglomeration lefore 1960 o between 19601998. After that point of
inflexion they began to present congestionin their urban structures.

3) Other group -Vaencia or Andalucia presents not clear process of
agglomeration neither congestion for the whoe period. Cities are

unevenly set acrossthe space, na presenting any system of cities.

2) Some economic explanations

Urban agglomeration is the result of processes of scale eonamies (forward linkage)
and increasing locd market size (badkward linkage). Although there is an ugper limit for this
process the gpeaing of congestion. Threeimportant arguments (labour productivity, path
dependence and stock of capital) for explaining the processes of agglomeratior/congestion o
Spanish regions will be used below.

1. Anincreasing level of labour productivity (in industrial sedor) is one of the main
arguments for explaining scde econamies in wban agglomeration. Usually, informational
spill overs, deaeasing costs, spedalisation, etc. are diff erent advantages of agglomeration. On
the other hand, nase, commuting, crime, and so on,are disadvantages that explain low levels
of productivity (and the presence of congestionin the dty).

During the period 1980199%'% the regions with a higher variation o labour
productivity with resped to national average (u=3.19 were™: Extremadura, Pais Vasco,
Galicia, Navarra and Aragon. The first three have never been very agglomerated (gl) and
the other regions do nd present congestion.

On the average we find C. Ledn, CLM and Asturias. C. Lednis onthe maximum, so it
does not present too much congestion yet; CLM and Asturias are still in phase of
agglomeration.

The remaining regions are below average. Baleares, Catalufia, Cantabria, Madrid
readied high levels of aggomeration in the past, and row are in phese of congestion.
Therefore, the results are those expeded.

Andalucia and Vaencia have avery low level of agglomeration (and congestion) but

they have nat ahigh level of industrial labour productivity. We have no explanation for that.

2 |Information published by National Institute of Statistic (INE) and Bilbao-Vizcaya Bank (BBV). All of
them available online: www.ine.es and www.bbv.es).
'3 See appendix for further information.
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Acoording to these results, we may conclude that it seamsto be arelationship between
industrial labour productivity and the level of congestion in urban agglomeration. As we

suppased at the beginning, this relationship is negative.

2. Another argument for explaining the present level of agglomeration is the
dependence of the past (Brakman et al., 1999. The eistence of congestion is the
consequence (not the caise) of any previous process of agglomeration. Regions with initial
very high values of agglomeration are determined to show congestion. In this snse we say
they are path dependent. On the cntrary a region featured by "urban sprawl” shoud na
present congestion.

The regions with a higher starting point (see table 2) are, in this order, Madrid,
Cantabria, Aragon and Catalufia. With the exception d Aragon (it is quite irregular,
sometime it rises and aher times falls) al of them arein clear processof dispersion. Regions
with a low start point (in this order, CLM, Extremadura, Andalucia and Galicia) present
agglomeration urtil 1990, after that they remain stable or present a very slow inflexion;
moreover, CLM is 4gill growing. With g<1, in 1960,Vaencia and Asturias do nd present
congestion.

Regions beginning with g1l in 1960 do nbshow an inflexion pant until the 80's
(Canarias and Murcia) or the 90's (C. Ledn), whil e Pais Vasco remains dable. Baleares has a
starting point of 1.06 and is decreasing during the whole period. Navarra seans to be an
exception bu the estimation d g for 196070is not significant.

Then, the ideaof dependence of the past in the processof agglomeration seems to be
confirmed in the Spanish case. The stylised fads shown here reved an inverted U curve. This
curve is the tempora path of urban agglomeration. As shown below (figure 1) this curve's
shape is concave. The process of agglomeration is: it increases (>0, q <O0), defines a
maximum (q'=0), and keginsto spread (g<O0, ' >0).

In figure 1, severa tempora paths of agglomeration d Spanish regions (during the
period analysed) are presented. Regions alocaed at the left side ae increasing their level of
agglomeration; onthe ais, are thase regions with stabili sed process In the right side, regions

in phase of spreading are shown.
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Figure 1: Tempora paths of urban agglomeration

The different lines represent several processof agglomeration and there ae various
values of g that define amaximum. Then, regions read their the upper limit (inflexion pant)
for distinct values of q.

Madrid (D), Aragon (S), Navarra (A) and Cantabria (D) are in the first group. The
main fedure of this path of growth is a very high level of agglomeration (g takes a value
higher than 1.4 in the present or in the past time.

In a seand goupthere ae regions that reach -or have readed- values of g close to
1.2, like Catalufia (D), Baleaes (D) or C. Leon (I). Asturias (A) seems to belong to this
group. The regions allocated in the third group reach values of g close to ore, as Pais Vasco
(S), Canarias (1), Murcia (I) and Extremadura (1). Finally, with g<1, regions present "urban
sprawling’, like CLM (A), Andaucia (S), Galicia(l) and Vaencia(S).

With this information we can conclude that, for the case of Spanish regions, there ae
several values of g that define amaximum. Therefore, there are different patterns of urban

agglomerationin Spain.

3. Theleve of stock of pulic and private capital
The third usual argument for explaining urban agglomeration is the level of stock of
cgpital. A higher stock (S>S) of cepita: roads, railways, etc. reduce the cmmmuting cost for

any value of k (Dy is the distance from the cre to any k-locaion) so,
§>S < C(D,,S)<C(D,,S,),Ok<k". [5]
wherek’ are regional border.
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When deaeasing commuting costs make them an irrelevant part of the househaold
budget (transportation costs are not determinant in the maximisation consumer problem of
alocation), a dispersed habitat could be asolution in equili brium (Alonso-Vill ar, 1996*. In
any case, the aeaof influence of any metropdis becomes larger if commuting cost falls,
therefore the level of congestion also decreases.

Using the available information (see gpendix) of the variation rate of pulic and
private caital for the Spanish regions, at the aggregate level, in the period 19811995,we get
the next idess.

A) Variation d pubic stock of capital (nationa average, u=2.65). Gdlicia,
Extremadura, Navarra, Murcia, Cantabria, Pais Vasco, Andalucia and Baleares
are ontop; Asturias, Cataluiia and Vaencia on the average; the remaining regions
are under the average level.

B) Variation d private stock of capital (national average, u=1.4). Canarias, Murcia,
Baleares, CLM, Andalucia and Vaencia ae ontop. Navarra, Madrid and Aragon
onthe average level.

These results sem to indicae that there is not any clear relationship between

aggregate stock of capital andthe level of agglomeration.

3) Re-estimation of [4] for Syin=5000 habitants

Along this sub-sedion the estimation d [4] is repeded again; however, a bigger
sampleis used, in which smaller cities are included (lower-limit is 5,000 labitants in contrast
of 10,000 fabitants). Table 3 summarises the whole analysis. For a deeper analysis of these
results, we will study the regions using the group classfication described abowve (table 2). For
a better understanding we will | abel "vill age” (V) to small cities, "medium cities' (MC) to the
regular-size daties, and "big cities" (BC) to these specific kind.

Group "D" (Baleares, Cantabria, Catalufia and Madrid). Since 60's till 80's (Baeares
until 90s) al this regions are in process of agglomeration and, after 80's begin to show
congestion. If we put together results shown in table 1, 2and 3we got the next explanation.
Table 1 shows that al these regions are in phase of spreading but in table 3 we find

agglomeration.

1 When infrastructures improve, an individual who works in a large urban area may choose to
commute from an are where agglomeration costs are lower. Investments that reduce transportation
costs allow individuals to bare larger distances. Therefore, agglomeration decreases. This is the
typical argument for the congestion models in urban areas.
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Table 3: g _for each region (S;in=5,000hab.)

| 1960 | 1970 | 1980 | 1990 | 2000 |

Andalucia 0,72 0,83 0,91 0,94 0,94
Aragon 1,03 1,15 1,21 1,21 1,18
Asturias 0,97 1,06 1,12 1,14 1,14
Baleares 0,86 0,94 0,95 0,97 0,94
Canarias 0,89 1,03 1,09 1,05 1,00
Cantabria 1,04 1,11 1,15 1,14 1,09
Castilla-Ledn 1,03 1,17 1,27 1,28 1,24
Catalufia 1,04 1,07 1,10 1,06 1,02
CLM 0,68 0,75 0,83 0,87 0,88
Extremadura 0,61 0,72 0,83 0,89 0,89
Gdlicia 0,58 0,65 0,73 0,80 0,81
Madrid 1,76 1,47 1,60 1,53 1,46
Murcia 0,97 0,98 1,01 1,03 1,02
Navarra 1,38 1,28 1,19 1,16 1,05
Pais Vasco 0,98 1,03 1,07 1,04 1,03
LaRioja 1,15 1,34 (---) 1,49 (----)
Vdencia 0,81 0,85 0,89 0,90 0,88

All the mefficients are significant for 0=0.01, except * 0=0.05and ** a=0.10. Where (----)
means not significant coefficient. Once aain, La Rioja results not significant, so is not
analysed.

Our view is that during the whale period, people have left the big cities looking for
new residential places in medium cities (sprealing), because of congestion. However, people
who were living in "villages' aso left their small cities and moved to hig cities
(agglomeration). With bah sample (10,000and 5,000hab.) we can capture bath processes.
Then, since 60's thru 80's urban inhabitants moved to medium cities and rural ones went to
big cities. After 80's, big cities and also medium cities suffered high problems of congestion
and, therefore, people moved to vill ages again (spreading in bah samples).

Diagram 1: 1960-1980: population moving

I ‘ (spreading)

(agglomeration)

Diagram 2: 1980-2000: population moving

Q»Q»o

Group"A" (Asturias, CLM and Navarra). If we compare table 1 and 3 we still find

(spreading)

processes of agglomeration in this st of regions. However, we can see that the level of

15



agglomeration is quite lower than those preceding. In this ®nse, our interpretation is that
peoplelivein hig cities or vill ages, na in medium citi es, as we show below.

Diagram 3: 1960-2000: population moving

e « ‘ —> . (agglomeration/spreading)

. Canarias, C. Ledn, Murcia and Extremadura show very similar behaviour

Group
to A. However, Galiciais dill i n agglomeration (so it is different than in table 1), then Galicia
shows anacther path of popuation moving, likethis.

Diagram 4: 1960-2000: population moving

e <+ ‘ <+ . (agglomeration)

Group"S'. Vaencia, P. Vasco and Vaencia show an analogous processin table 2.
Since 80s thru 98's the pattern is very similar to dagram 2. As a result, the distribution in
yea 2000 is more regular than in 1980. However, Andaucia is different, showing
agglomeration duing the whole period, so the pattern is smilar to dagram 1.

This oond analysis with a bigger sample (a smaller cut-off) shows again severa
patterns of urban agglomeration. Then, ou hypothesis of different paths of agglomeration in

Spanish regions emsto be dso confirmed.

V. CONCLUSIONS

Along this paper, recent patterns of urban agglomeration in the Spanish regions
(19601998 have been analysed. To complete this, two dfferent samples have been used.
First, a sample where the aut-off was 10,000inhabitant cities, second, a bigger one, including
5,000 mople dties. The main results of the paper are. A) We find several process of
agglomeration in Spanish regions. B) The agglomeration processis path dependent. C) There
isany relation between labour productivity and pattern of agglomeration. D) In many Spanish

regions congestion has been resporsible for the present urban sprawl.

16



VI. BIBLIOGRAPHY
ADES, A.y GLAESER, E. (1999: «Trade and Circuses. Explaining Urban Giants», Quarterly Journal of
Econamics, n° 110, pags. 195228.
ALONSO, W. (1964: Location ard LandUse: Towards a General Theory of land Rent, Harvard U. P., Camb.
ALONSO-VILLAR, O. (199%): Configuration of Cities: the effeds of congestion cost and government, WP
96-17, Universidad Carlos Il , Madrid.
ALONSO-VILLAR, O. y DE LUCIO, J.J. (1999): «Una groximadén a la eonomia urbana», Revista de
Econamia Apli cada, n°20.
ARTHUR, B. (1990): «Silicon Valley’ locaiona clusters: when do increasing returns imply monopdy?»,
Mathematical Social Sciences, n° 19, pags. 235-251.
AUERBACH, F. (1913): «Das Gesetz der Bevilkerungskonzentration», Petermanrs Geographische Mitteilungen,
n° 59, pégs. 73-76.
BECKER, G.S. (1968): «Crime and Punishment: An Economic Approach», Journal of Political Economy, n° 76,
pégs. 169-217.
BENABOU, R. (1993): «Working of a city: locaion, education and production», Quarterly Journal of Econamics,
n° 106, pégs. 619-652.
BERRY, B.J.L. (1961): «City Size Digtribution and Economic Development», Econamic Development and
Cultural Change, vol.9, reeditado en J. Friedman and W. Alonso (1964), Regional Development and Planring, pégs.
138-152, Cambridge.
BRAKMAN, S.;; GARRETSEN, H.; VAN MARREWIJK, C.y VAN DEN BERG, M (199): «The Return of
Zipf: Towards a further Understanding of the Rank-Size Didtribution», Journal of Regional Science vol. 39,
february, pags. 183-213.
BRANAS, P. y ALCALA, F. (2000): «Entropia, aglomeradon urbana y la ley del "1":Evidencia para las
regiones espafiol as», mimeo.
CHRISTALLE R, W. (1933): Die Zentralen Orte in Siddeutschland, Berlin, Gustav Fisher Verlag. Traducddn
ingesa: The Central Places of Southern Germany, EngewoodCliffs (N.J.), Prentice-Hall (1966).
DAVID, P.A. y ROSENBLOOM, J.L. (1990): «Marshallian fador market externalities and the dynamics of
industrial locdizaion», Journal of Urban Economics, n° 28, pags. 349-370.
DE LA FUENTE, A. (1999): «Ladindmicaterritorial de la poblad6n espafiola: un panoramay algunos resultados
provisionales», Revista de Economia Aplicada, n° 20, pags. 53-108.
DE SALVO, J. (1977): «Urban Household Behavior in aMode of Completely Centrali zed Employment», Journal
of Urban Economics, n°4, pags.1-14.
DOBKINS, L.y IOANNIDES, Y. (1998): «Dynamic Evolution of the U.S. City Size Digtribution», in J.M. Huriot
and J.F. Thiss eds., The Economics of Citi es, Cambridge University Press New Y ork.
EATON, J. y ECKSTEIN, Z. (1997): «City an Growth: Theory and Evidence form France and Japan», Regional
Science and Urban Economics, n° 27, pags. 443-474.
FLATTERS, F.; HENDERSON, J.V. y MIESZKOWSKI, P. (1974): «Public Goods, Efficiency, and Regional
Fiscd Equalizaion», Journal of Public Economics, n° 3, pags. 99-112.
FUJITA, M. (1989): «Urban Economics Theory: Land use and city size», Cambridge U.P.
FUJITA, M.y THISSE, J. F. (1996): «Economics of Agglomeration», Journal of the Japanese and International
Economies, n° 10, pags. 339-378.
GABAIX, X. (1999a): «Zipf's Law and the Growth of Cities», American Economic Review, Papers and
Proceedings, LXXX X, pags. 129-132.
GABAI X, X. (1999b): «Zipf's Law for Cities: An Explanation», Q. J. E., vol. 104, pags. 739-767.
GASPAR, J. y GLAESER, L. (1998): «Information Technology and the Future of Cities», J. Urban Econam,,
43:1, pags. 136-56.
GELL-MANN, M. (1994): The Quark and the Jaguar, Freeman, New Y ork.
GIBRAT, R. (1931): Lesinégalités économiques, Paris, Librairie du Recuell Sirey.
GLAESER, E. (1998): «Are Cities Dying?», Journa of Economic Perspedives, vol. 12, n° 2, p4gs. 139-160.
GLAESER, E.; SCHEINKMAN, J.y SHLEIFER, A. (1995): «Economic Growth in a CrossSedion of Cities»,
Journa of Monetary Economics, n° 36, pags. 117-143
GOLDSTEIN, G.S.y MOSES, L.N. (1973): «A Survey of Urban Economics», J. E. L., val 11, jure.
GOODRICH, E. (1925): «The Statiticd Relationship between Population and the City Plan», in E. R. Burgess
(ed.), The Urban Comnunity, Chicago, The University of Chicago Press pags. 144-150.
HARRIS, J.R. y TODARO, M.P. (1970): «Migration, unemployment and development: a two sedors analysis»,.
American Economic Review, n° 40, pags. 126-142.
HENDERSON, J.V. (1974): «The Sizes and Types of Cities», American Economic Review, n° 44, pags. 640-656.
HENDERSON, J. V. (1985): «Econamic Theory and Cities», Academic Press Orlando.

17



HENDERSON, J.V.; KUNCURO, A.y TURNER, M. (1995): «Industrial Development in Cities», Journa of
Political Economy, n° 103, pags. 117-143.

HIRSCHMAN, A.O. (1958): The Srategy of Economic Devdopment, New Haven, Conn.: Yde University Press
IMAGAWA, T.(1997): «Essys on Telecommunicaions, Cities and Industry in Japan», Harvard Ph.D.
Dissrtation.

ISARD, W. (1956): Location and Space Economy, Cambridge, Mass, MIT Press

JACORBS, J. (1969): The Economy of Cities, New Y ork, Vintage Books.

KAHN, M.(199): «The Silver Lining of Rust Belt Dedine: Killing off Poll ution Externalities», mimeo.
KRUGMAN, P. (1991): «Increaing returns and economic geography», J.P. E., n° 99, pégs. 483-499.

KRUGM AN, P. (1996): The Self-Organizing Economy, Cambridge, Bladkwell.

KRUGMAN, P.y LIVAS ELIZONDO, R. (199%): «Trade pdlicy and the third world metropdies», Journal
of Devdopment Economics, n° 49, pags. 137-150

KUNDU, A. (199): «To migrate or not to migrate», The Indian Econamic Journal, vol 46-2, pags. 121-128
LASUEN, J.R.; LORCA, A. y ORIA, J. (1967): «Desarrollo econémico y distribucién de las ciudades por
tamafio», Arquitedura, n° 101, mayo.

LOSCH, A. (1940): Die Raumliche Ordnung dre Wirtschaft, lena, Gustav Fisher. Traducdon inglesa: The
Economics of Location, New Haven, Coon. Yale University Press(1954).

LOTKA, A.J. (1925): The Elements of Physical Biology, Baltimore, Willi ams and Wilkins.

LUCAS, R.J. (1988: «On the mechanics of economic development», Journal of Monetary Economics, n° 22,
pags. 3-42

MARSHALL, A. (1890): Principles of Econamics, London, Macmillan.

MARTIN, P.y ROGERS, C.A. (1999: «Trade effeds on regional aid», CEPR Discussion Paper 910.

MILL S, E.S. (1967): «An aggregate model of resource all ocaion in a metropditan area», American Econamic
Review, n° 57, pags. 197-210.

MILL S, E.S. (1992: «Sedora clustering and metropditan development», en Millsy McDonald, eds., Souces
of Metropditan Growth, Rutgers Center for Urban Policy Research, New Brunswick.

MILLS, E.S. y HAMILTON, B.W. (1994): «Studies in the Structure of the Urban Economy», Urban
Economics.

MILL S, E.S.y TANG, J.P.(1980): «A Comparasion of Urban Population Density Functions in Developed and
Developing Countries», Urban Studies, 17:3, pags .211-22.

MUTH, R.F. (1969): Cities and Housing, Chicago University Press Chicago.

MYRDAL, G. (1957): Econamic Theory and Under-devdoped Regions, Duckworth, London.

PARR, J.R. (1985): «A Note on the Size Distribution of Cities over the Time», Journal of Urban Economics,
n° 18, pags. 199-212.

PUGA, D.y VENABLES, A.J. (1997): «Preferential trading arrangements and industrial locaion», Journal of
Internationd Econamics, n° 43, pags. 347-368.

RAUCH, J.E. (1991): «Comparative advantage, geographic advantage and the volume of trade», The Econamic
Journal, n° 101, pégs. 1.230-1.244.

RAUCH, J.E. (1993): «Does history matter only when it matters little? The cae of city-industry locaionl75,
Quarterly Journal of Economics, n° 108, pags. 380-400.

RODERO, J., BRANAS, P. y FERNANDEZ, I. (1998: «Urban microeconomics without Muth-Mills: a new
theoreticd frame». IV YoungMeding Economist, 10-11 April 1999 Tinbergen Ingtitute, Amsterdam.
ROEHNER, B.M. (1995): «Evolution of Urban Systems in the Pareto Plane», Journal of Regiond Science n°
35, pégs. 277-300.

ROSEN, S. (1981): «The Economics of Superstars», American Econamic Review, vol. 71-5, pags. 854-858
SAXENIAN, A. (1994: Regional Advantage: Culture, and Competition in Slicon Valley and Route 128,
Harvard University Press Cambridge (Mass).

SIMON, H. (1955): «On a Classof Skew Distribution Functions», Biometrika, n° 42, pégs, 425-440.

SMITH, A. (1776): Investigacion sobre la nauraleza y causas de la riqueza de las naciones, Oikos-Tau,
Barcdona, 1988.

VON THUNEN, J.H. (1826): Der Isolierte Saat in Beziehung auf Landwirtschaft un Nationaokonomie,
Hamburg, Perthes. Traducdon inglesa: The Isolated State, Oxford, Pergammon Press(1966).

WEBER, A. (1909: Ueber den Standort der Industrien, Tubingen, J.C.B. Mohr. Traducdon inglesa: The
Theory of the Location of Industries, Chicago University Press(1929.

ZIPF, G.K. (1949: Human Behavior and the Principle of Least Effort, Harvard University (reimpresion de
Hafner Publishing Co., N.Y., 1972.

18



APPENDI X
Table A-1. Industrial labours productivity (variation 1981-1998)

Region A81/98
Extremadura 4,15
Baleaes 3,89
Cadtill a-Ledn 3,67
Asturias 3,55
Gdicia 3,47
CastillaLaMancha 3,20
Pais VVasco 3,16
Vaencia 3,13
LaRioja 3,11
Aragon 3,04
Canarias 3,02
Cantabria 2,98
Andalucia 2,95
Madrid 2,89
Murcia 2,78
Catalufia 2,74
Navarra 2,53

Source BBVand EPA.

Anexo A-3. Public and private stock of capital (variation: 1981-1995)

Region public private
Gdlicia 3,18 Canarias 1,60
Extremadura 3,00 Murcia 1,59
Navarra 2,99 Bdeaes 1,56
Murcia 2,97 CastillaLaMancha 1,50
Cantabria 2,96 Andaucia 1,50
Pais Vasco 2,92 Vaencia 1,50
Andalucia 2,86 Navarra 1,48
Baeaes 2,80 LaRioja 1,46
Asturias 2,66 Madrid 1,44
Catalufia 2,64 Aragon 1,40
Vaencia 2,62 Catalufia 1,35
Canarias 2,48 Gdlicia 1,33
LaRioja 2,43 Extremadura 1,32
CastillaLaMancha 2,39 CadtillarLedn 1,32
Cadtill a-Ledn 2,24 Cantabria 1,18
Madrid 2,10 Asturias 1,16
Aragln 1,90 PaisVasco 1,11
Source BBV.
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