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Abstract

In this paper, we evaluate the spatial locatiotepas of manufacturing firms and we
assess the different tendencies to cluster in satistry. To do this, we use a distance-
based method, more specifically Ripleysfunction, which allows us to treat space as
continuous by counting the average number of neigtsof each firm within a circle of
a given radius. We apply this method to Spanishufsmturing sectors at a two-digit
level. The results are sensitive to the benchmarkl@yed; in fact, if we use ‘complete
spatial randomness’ as a benchmark, every sectalysmu presents a significant
concentration whatever the length of the radiussictared. However, if we use the
locations of all manufacturing firms as our benchmave find different patterns of
location, with dispersion in some sectors and comadon in others, finding also
differences in the spatial scale at which clustgdnocurs.
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1. Introduction

Economic activity is distributed across space loggeneously and this
distribution does not necessarily take into accoamninistrative frontiers or
country boundaries. Some traditional and well-kn@xamples of this geographic
concentration are high-tech firms in Silicon Vallélye auto industry in Detroit or
the carpet industry in Dalton (USA) and, going bégkher in time, the textile
industry in Lancashire (UK). In Spain, the tile irstiry in Castellén or the leather
and footwear industry in Elche are also good exaspf this tendency towards

the geographic concentration of economic activity.

Heterogeneity of the spatial distribution of adyvcan be caused by multiple
and very different factors, and a substantial bofjterature has focused on this
topic, the result being significant advances in ittentification of the forces and
factors that determine the choice of location logn§. Thus, the pioneering work
by Marshall (1890) put special emphasis on the oblgpecialised local markets,
positive externalities and linkages, as sourceaggiomeration. A century later,
the ‘new economic geography’, initiated by Krugn{af91la, b), highlighted the
role of economies of scale and transport costh@snain agglomeration forces,
which interact with the dispersion forces, immol@etors and product market

competition to determine the location of econontitivity.*

However, economists are not only concerned aboet déterminants of
geographic concentration, but also how to measwilecharacterise the patterns of
geographic concentration of firms and industriespace; this paper deals with
this second aspect. In fact, its main objectivel wé to measure the spatial
location patterns of Spanish manufacturing sedigrémproving the application
of some recent methods developed to assess theagbog distribution of

economic activity.

! For further details see Ottaviano and Puga (1988jita et al. (1999), Puga (1999, 2002),
Overman et al. (2003), Venables (1995, 2006), @Gttay and Thisse (2004) Fujita and Thisse
(2009) or Redding (2009).



Many techniques have been employed in the litegatorassess geographic
concentration, but the indices of Gini or Ellisordaslaeser (1997) have been the
most recently used. Krugman (1991a), Brilhart (2081Amiti (1997), among
others, used the Gini index to measure how econatiiwity was distributed
across space. Nonetheless, this index cannot glissim whether concentration of
activity is due to a few huge firms in a specifieaor due to many small firms in
the same specific area. Ellison and Glaeser (1884 to solve this shortcoming
by comparing concentration resulting from a randomd independent location of
firms with the real geographic concentration of iadustry, now taking into
account the size of firms. Thus, this index allawgsto compare concentration
between industries or the concentration of a gimelustry in different countries.
Indeed many authors, such as Devereux et al. (20®d3enthal and Strange
(2001) or Maurel and Sédillot (1999), have usedoitmeasure geographic

concentration of activity in their respective caigs, i.e. UK, USA and France.

In Spain, many authors are also interested inttipi, the most notable being
Callejon (1997), Viladecans (2001), Alonso-Villara. (2003, 2004) or Paluzie
et al. (2004). From a different perspective, ottegoers have also used this kind of
indices in the analysis of the determinants of gtdal localization in Spain, as is
the case of Paluzie et al. (2001) or Tirado ef2402). It should be borne in mind
that most of these Spanish studies use the Girgxind measure geographic
concentration of activity. Callejon (1997), howeveses the Ellison and Glaeser
index, Alonso-Villar et al. (2003) introduce thedex proposed by Maurel and
Sédillot (1999) into their analysis and Viladecd2601) uses an econometric

spatial index, called Moran’s | statistic of sph#iasociation.

These methods, which have been used until now @nSpnd in other
countries to measure geographic distribution ofiviagf have a common
drawback: theyreat space as being discrefEhey restrict the spatial distribution

to justone scaleand analyse the distribution of activity over dete geographic



units, which do not necessarily coincide with tekevant scale from the economic
point of view. In this way, the spatial scale chosea key decision that may alter
the results and conclusions reached. For instavitajecans (2001) uses more
than one geographic level in her analysis, do Alonso-Villar et al(2003)3 to

determine the most suitable administrative unéach analysis.

This paper avoids the inconvenience ggographic scaleas Marcon and
Puech (2003a) or Duranton and Overman (2005) didhis way, we willtreat
space as continuous order to obtain a proper analysis of spatiatatmn
patterns, instead of sticking to administrativelsckata. To do this, we employ a
distance-based methdfat satisfies the essential requirements andeaehiour
aim by enabling us to know and to compare the aunagon intensity for every

spatial scale. To consider space as continuousiabke dataset is also necessary.

Like Marcon and Puech (2003a), the distance-basstiad we are going to
use to measure the spatial distribution of activit@pain is Ripley’K function;
which offers important advantages over traditiot@icentration indices. Indeed,
by means of this method, we can know whether cdraon exists, what its
intensity is and at what distance, or spatial sciédehighest level is obtainéd.
Furthermore, in contrast with Marcon and Puech 3200and like Duranton and
Overman (2005) did, we control for the general &y of the manufacturing

industry to agglomerate and for industrial concaindn of each sector.

In addition, we must emphasise other aspect tHtdrentiate our empirical
analysis others: our location of firms is very aate, because we know the

geographic coordinates (longitude and latitudegwdry establishment. Thus, we

2 She uses the municipal and provincial level, apoading to NUTS 5 and 3.

% They use the provincial and regional level, cqroesling to NUTS 3 and 2.

* For further details, see Ripley (1976, 1977, 1979)

® Marcon and Puech (2003) have previously usedctiigentration index, in France, to measure
the spatial distribution of economic activity.



employ these coordinates to situate each firm @st @n the map, without taking

administrative borders into accotfnt.

The remainder of the paper is organised as folldwSection 2, we outline
the methodology employed and the key improvement®rporated into our
application. In Section 3, we describe our data lseSection 4, we present and
discuss the main results achieved, comparing theémtiwose from other authors.

Finally, Section 5 contains the most important casions reached.

2. Methodology

Ripley’'s K function, K(r), is a distance-based method that measures
concentration by counting the average number afhteiurs each firm has within
a circle of a given radius, ‘neighbours’ being urstieod to mean all firms situated
at a distance equal to or lower than the radijisHrom here on, firms will be

treated as points.

The K(r) function describes characteristics of the pomtgrns at many and
different scales simultaneously, depending on thkies of t” we take into
account, that is,

whered; is the distance between tifednd | firms; I(x) is the indicator function;
N is the total number of points observed in the arethe study regionj=N/A

represents its densiti, being a rectangular area covering the study regiodw;;

® Until now most of studies have used the postcodiéise manufacturing firms and the geographic
coordinates associated with each postcode to Idbate in space. See, for example, Marcon and
Puech (2003) and Duranton and Overman (2005).



is the weighting factor to correct for border efécThe indicator functionl(d),
takes a value of 1 if the distance between ‘thand | firms is lower tharr, or 0
otherwise, andw; will be equal to the area of the circle divided the

intersection between the area of the circle anditba of study.

Finally, using the definition of, theK(r) function can be rewritten as:

K(r)=N—A2i ivvij | (dij)

i=1 j=1i#]

Therefore, the(r) function shows the average number of neighbaurani
area of radiusrj, divided by the density of the whole study region

The next step in the evaluation of the locatioriggas of economic activity is
to determine the null hypothesis and compare ithwour results. The null
hypothesis is usually a kind of randomly distrilsliget of locations in the area of
study. Thus, if firms were located in the studyaarandom and independently
from each other, we would have a location patteravkn as ©mplete Spatial

RandomnesfCSR. This is our first benchmark and, as long as ssume CSR,

theK function will be equal tor *.

Consequently, we defin®lcs{r) as the value that quantifies the difference
between the empiricdl value of the real point pattern of each sector tned

theoreticaK value® that is:

If the empiricalK value,K(r), is higher than the theoretidélvalue, 1o %, this

indicates concentration of our point pattern duttion, since the real density is

" These border-effect corrections should be incargatto avoid artificial decreasesk(r) when

r increases, because the increase in the area cdiftfeeunder consideration is not followed by the
increase of firms (outside the study area therearérms).

8 Marcon and Puech (2003) used the normalised fumcti(r), because they considered that
practical limitation of Ripley’s K function is theeed to compare any value 0% However, we
do this directly thanks to the statistical softwareployed.



greater than that of the benchmark. Lower valud&ate dispersion and K(r) is
equal taw?, then this means that our points are independeligtyibuted.
Figures 1 and 2 show two spatial distributions aihfs, both with the same

number of points (100) inside the same area. Hokyéle points in Figure 1 are
distributed at random and independently from eaitterp while the points in

Figure 2 show some tendency to cluster.

o
°

Figure 1. Independent distribution. Figure 2. Concentrated distribution.

Figures 3 and 4 show the empirical and theoreticdlunctions and the
correspondindVcsrfunctions of the point patterns that appearedigués 1 and
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Figure 3. Ripley’s K function (theoretical and empirical) aMifunction corresponding
to the point pattern from Figure 1.

As we can see, on the left-hand side of Figure 3etlare two lines. The
dashed line represents the empirikalzalue, that is to say, thi€ value of the
observed point pattern in Figure 1, and the cootisuline takes a value mf?,

since this represents the CSR benchmf&.can observe that the values of these



two lines are almost the same, no matter what saee take into account
(K(r)=7?). The right-hand graph in Figure 3 shows the vadfiche Mcsg

function. Consequently, it can be seen that an peddent and random

distribution of points produces an almost f\aturve, with a value of around zero.

The graphs in Figure 4 give us the same informad®ithe previous ones, but

refer to the spatial distribution of the pointsHigure 2. Here, in the left-hand
graph we can observe thifr)> 772 at all distances ofr" considered, which

means that the point pattern in Figure 2 preseomgantration at all distances.
Moreover, from theMcsg curve we can determine the distance at which the
highest level of concentration is reached. Thisvewrlso indicates whether the
point pattern observed is concentrated or disperstative to the benchmark
under consideration, depending on its positive egative value. Therefore, the
Mcsrcurve provides concise information with which teabyse different location
patterns and we will use this function throughdé paper to analyse the spatial

location patterns of Spanish manufacturing firms.
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Figure 4. Ripley'sK function (theoretical and empirical) ahtdfunction corresponding
to the point pattern from Figure 2.

In actual fact, considering firms to be randomlg amdependently distributed
from each other within a particular area is not plately correct because
economic activity cannot be located in a random ima@pendent way and the
results are sensitive to the specific area consitleEconomic activities are

spatially concentrated for other reasons, veryediffit to economic factors, for



example because of dissimilarities in such nati@aures as mountains, rivers or
harbours, that is, ‘first nature’. Additionally, thi CSR as our benchmark we
cannot isolate the idiosyncratic tendency of eaebtos to locate itself in

accordance with the general tendency of manufaxguiims to agglomerate.

Consequently, in the second scenario, we use tlodevah manufacturing as a
benchmark, thus minimizing the aforementioned dekb. Indeed, we can
compare the spatial distribution of each sectorhwvilie overall tendency of

manufacturing industry to agglomerate, that is:

May (1) = K(r) = Kn (1)

Here, Mtm(r) is the difference between thevalue of each sector under
consideration and thi€-value of the total manufacturing at radiud.ocalization
or dispersion will appear within a particular seadepending on whether its-
value is higher or lower thak-value of the total manufacturing. In such a case,
our claim is that this sector is concentrated gpeised relative to the whole of

the manufacturing industry.

Now, to evaluate the statistical significance gbaieures from randomness in
a robust way, we should construct a confidencaevatdor Mcsg andMmy. The
traditional technique used to construct this caariice interval is the Monte Carlo
method, which involves generating a large numberinafependent random
simulations. It should be noted that the constounctf the confidence interval will
be different in the two scenarios. In the first rem@0, we simulate Poisson
patterns with the same number of points as in ¢laé distribution of each sector
and then locate them randomly within the area ofiyst In the second scenario,
we also simulate random distributions with the sawmaber of firms as in each of
the sectors under consideration, but this timeldlcation of these hypothetical
firms is restricted to the sites where we can aulydfind firms from the whole

manufacturing sectdrBoth scenarios are generated by running 100 stiook

® This procedure minimizes again the shortcomingsdiated to the specificity of considered area.



and both allow us to reject the non-significantuesl A confidence interval of
95% was utilised. In this way, the constructiontltd confidence interval allows
us to assess the significance of departures fradoraness and to control for

industrial concentration.

Finally, it must be emphasised that, to the besowf knowledge, only
Marcon and Puech (2003a) and Duranton and Overr2@05f have used
distance-based methods to assess the geograpbrcantration of activity. The
methodology of both tests is similar, but not idead{ and we can find some

differences if we analyse them in depth.

On the one hand, Duranton and Overman (2005) erngaththat their test
fulfils all the five requirements that any measafeoncentration should satisfy.
However, Duranton and Overman’s method has a disddge with regard to
Ripley's K function, that is to say, it is not possible taqtify the concentration
or dispersion but only detect the proportion ottgecthat are concentrated.

On the other hand, if we revise Marcon and Pue®032), we can see that
their application of th& function, like ouMcsrfunction, is very sensitive to the
study area consider&dand does not satisfy two of the five above-memtibn
requirements, since it does not control for theraéendency of manufacturing

firms to agglomerate or for industrial concentratio

Now, on examining the properties of our measurecaricentration after
improving the benchmark employed and making mobaisbthe construction of
the confidence interval, that is, tMey function, it can be observed that fulfils all
the five requirements established by Duranton amdr@an and allows us to

obtain a measure that quantifies the concentratrodispersion of all our point

19 As underlined by Duranton and Overman (2005),i(li comparable across industries, (2)
controls for the overall agglomeration of manufaicty, (3) controls for industrial concentration,
(4) is unbiased with respect to scale and aggmegatand (5) gives an indication of the
significance of the results.

'Marcon and Puech (2003) restricted their aredunfysand did not analyse the whole of France,
but instead an industrial area of 40 x 40 km aroBads and a larger rectangular area of France
measuring 550 x 630 km.
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patterns, thus minimizing the drawbacks associtiélde use of rectangular areas

in the analysis.

Obviously, our concentration measure based on R#l& function is
comparable across sectors. Additionally, we corfsothe overall agglomeration
of manufacturing by considering the whole set ofnafacturing firms as our
benchmark and, when constructing the confideneavat, by randomly locating
the firms across the set of locations of all thenaiacturing firms. The third
requirement, control for industrial concentratias, satisfied by considering
hypothetical sectors with the same number of fiamsin each existing sector.
Fourth, as we use a continuous distance methocetsune spatial concentration
and not an administrative scale, information abchdracteristic features of the
patterns of localization at different scales is\Wwnaoand our test is unbiased with
respect to scale and aggregation. Lastly, stadissignificance is also satisfied,
since the confidence interval allows us to know tiveethe observed distribution
is significantly different from conditional randomss. In this case, randomness is
conditioned to the industrial concentration of eaebtor and to the location of the

overall manufacturing.

3. Data

Our empirical analysis uses current establishrmevl Idata, for the year 2007,
from the Analysis System of Iberian Balances dataffavhich contains detailed
information about Spanish and Portuguese compaWes.estrict our database to
Spanish manufacturing establishments, using theiohat Classification of
Economic Activities® and analysing sectors at the two-digit level. emnore,
we add another two requirements to our databagset, ke ensure that our
database contains only Spanish manufacturing fiomgshe peninsula, without

including firms from the Canary and Balearic Islan@euta and Melilla. Second,

125ABI
13NACE 93 - Rev. 1
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we restrict our analysis just to firms employindesst ten workers. Finally, once

these requirements have been applied, our databassns exactly 43,087 firms.

At this point the comparison between our restrigtielated to the number of
employees, and Marcon and Puech (2003)’s restnictiost be considered. In fact,
they used French manufacturing firms employingeaist twenty workers. This
difference, concerning the number of employeegjus to the fact that SMEs
(small and medium-sized enterprises) are predorhimaispain. Consequently,
too many firms would be left out if we only congidé those with twenty or more

than twenty workers, as Marcon and Puech did.

Spanish manufacturing activities are classifiea iB8 sectors according to
‘NACE 93 - Rev. 1" and these are as follows: (16pé& products and beverages,
(16) Tobacco products, (17) Textiles, (18) Wearapparel and dressing, (19)
Tanning and dressing of leather, (20) Wood and yxctsd of wood, (21) Pulp,
paper and paper products, (22) Publishing, prinang recorded media, (23)
Coke, refined petroleum products, (24) Chemical ahdmical products, (25)
Rubber and plastic products, (26) Other non-metatineral products, (27) Basic
metals, (28) Fabricated metal products, (29) Othachinery and equipment, (30)
Office  machinery and computers, (31) Electrical hmaery, (32) Radio,
televisions and other appliances, (33) InstrumdB&), Motor vehicles and trailers,

(35) Other transport equipment, (36) Furniture atieer products, (37) Recycling.

Table A1, situated i\ppendix 1shows us a brief descriptive analysis of the
above-mentioned sectors including additional infation, such as the number of
firms, the number of employees, or the technoldgidansity of each one. Thus,
as we can see in this table, there are great @iftes in the number of firms,
depending on the sector we are referring to. Hetluee of the twenty-three
sectors considered (16, 23 and 30) will not beyesmeal because they are too small

as far as their number of establishments is coecern

12
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Figure5. Maps of spatial distribution of firms.

Figure 5 shows the spatial distribution of four @ph manufacturing sectors
(15, 17, 20 and 35). Here, each dot corresponds) testablishment and we can
see that there are great differences in the sghsimlbutions of these sectors.

We know theprecise locationof every establishment through its geographic
coordinates (longitude and latitude), which enableto minimise the margin of
error in each casé.These geographic coordinates are transformed Uiitel ™
coordinates, or flat coordinates, as they are edled. This transformation was
carried out by means of the method proposed by diof2003). This procedure

converts latitude and longitude coordinates intstiag and Northing coordinates,

4 Marcon and Puech (2003) and Duranton and Over®@®5) only know the postcode of each
manufacturing firm and thus obtain a location ewbbetween 100 m and about 2 km. However,
if we had used the Spanish postcodes to locatdirthe, our margin of error would have been
higher, since our postcodes cover larger areastheme from the United Kingdom or France.

'3 Universal Transverse Mercator.
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on a Transverse Mercator projection, the UTM cauatks being expressed in
metres. We should highlight the fact that the awasion of this system allowed
us to move away from the Equator with hardly arstattions, because any point

is a long way away from the central meridian ozime.

4. Empirical Results and Discussion

In the exposition of the methodology above, we hdierentiated between
two scenarios. Consequently, this sequence withbesame in the discussion of
our results, that is to say, first we will analybe results coming from th&€SR

benchmark’ and, after that, those coming from T benchmark™®

In Figure 6 theMcsgcurves of the four sectors presented earlier 1¥5,20
and 35) have been plotted along with their corradprg confidence interval€.
On observing them more closely, we can see diffel@ation patterns among
these sectors. For example, the textile sectou(Eigb) presents a higher level of
concentration than the rest of the sectors. Thaadsrale at which the level of
maximum concentration is reached in each sectéerdifrom one to another. In
fact, as we can see, sector 35 (Figure 6d) reathesximum concentration peak
at a lower distance than the other sectors. Howeter location patterns in
Figures 6b and 6d are similar to each other anférdifit from the other two
sectors, since they present an initial increag@eractivity concentration, reach a
maximum peak and then decrease when the lengteafadius becomes higher.
If we examine theonfidence intervals, we can observe that thesgasenarrow.
This is due to the way they are constructed, stheedifference between the
Poisson simulations and the theoreti¢glvalue is almost zero for every

considered.

'8 We used the free statistical software ‘R’ to cartchur research. This software is downloadable
from the following website: http://www.r-project@t
71t should be noted that all the sectors that veeadysed appear togetherdAppendix 2
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Figure 6. Spatial location patternd/Acsp.

Although only four sectors appear illustrated igu¥e 6, Table 1 summarises

the results obtained from computing Mesgfunction for each sector.
INSERT TABLE 1 ABOUT HERE

First, we must focus on the second and third columhable 1. By so doing,
we can see that every Spanish manufacturing sectalysed, except for (35)
‘Other transport equipment’, presents concentratelative to complete spatial

randomness, whatever the distancerdfae consider.

Second, we should pay attention to théensity reachedby the different
sectors, that is to say, we should point out whach the most and the least
concentrated manufacturing sectors in Spain. Tthes,Spanish manufacturing

sectors that reach the highest level of concentradre, in the following order,

15



(19) Tanning and dressing of leather, (17) Texti@2) Radio, televisions &

other appliances, (33) Instruments, (22) Publishprqting and recorded media,
(24) Chemical and chemical products, and (31) Etdtmachinery. In contrast,
the sectors with the lowest levels of concentratoa (15) Food products and
beverages, (20) Wood and products of wood, (26)Otion-metallic mineral

products, and (35) Other transport equipment.

Third, we should evaluate thmersistenceof this concentration in space, in
other words, the spatial scale dimensions of thstet. If we pay attention to this
characteristic of spatial distribution, we can fitweb clearly differentiated types
of sectors, called 1 or 2 depending on the chanatitefeatures of their location
patterns® ‘Type 1’ sectors present, initially, an increasethe concentration of
activity that reaches an absolute maximum poinpeak, and then they decrease
as the length of the radius becomes higher. Weldhadd that, although the
spatial distribution of each of these sectors msilar to the others, the intensity
and the distance at which the maximum concentrasioeached may be different.
Most of the Spanish manufacturing sectors belonthi® ‘Type 1’ of location
pattern$® and the textile sector is a clear example (seer€igb).

Just six sectors, however, belong to ‘Type 2’ (18, 19, 20, 26 and 36).
These sectors keep a constant or growing conciemtrathatever the value of™
considered, without reaching an absolute maximuak.pk this second kind of
sectors, we assume that this maximum peak willdaehed at a value of the

radius higher than 200 km (see Figure 6c¢).

Last but not least, thdistance(r-value) at which the highest concentration is
reached, or in other words the size of the clusgsegn important point to be
analysed. In fact, this distance may be alteredhlkyscope of the agglomerative
forces that act in and characterise each sectareldre, the intensity and the

distance at which the highest concentration is lredcare distinctive of each

8 We can find this information in the sixth columiiT@ble 1, ‘Type of cluster’.
¥ Sectors 17, 21, 22, 24, 25, 27, 28, 29, 31, 3238335 and 37.
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sector and differ from one to another. In otherdgoeach Spanish manufacturing
sector presents different location patterns, aljhouertain regularities can be

found between them.

For example, paying attention to the spatial s@dlevhich the cluster is
produced, it can be observed that this distanceeng high in all sectors and in
some cases coincides. As we can see in the fiftmgoof Table 1, nine of the
twenty sectors analysed obtain their maximum caomagon peak at a distance of
between 85 and 91 kflThus, it is clear that a common behaviour existthi
distance at which the maximum concentration appdleyeby indicating the
existence of some regularity that affects all ssctGood candidates to explain
this fact are the agglomerative forces associatede ‘First Nature’ or the overall
tendency for economic activity to agglomerate. Qirse, when we use a random
and independent distribution of firms as our beratk{CSRbenchmark), we do
not take into account the ‘first nature’ or the @& tendency of manufacturing
industry to agglomerate, and a regularity that @-attributable to specific

economic factors in each sector is detected.

In order to correct this shortcoming of our firgnghmark, we consider a
different one and, as explained in the methodoldbis second benchmark is
constructed taking into account the location ofraltenanufacturing. The results
of this second analysis are summarised in Tabiegwre 7 shows th®lmy curves
of the four sectors presented earlier (15, 17, 20 85), together with their
associated confidence intervals. At first glances @bserve that the location
patterns of these sectors differ considerably ftbenfirst analysis. In fact, as is
well known, this type of analysis is sensitive he benchmark being considered.
Two aspects related to the confidence intervals siand out. First, they are not
as narrow as in the first case and, second, thdesntiae sector is, the wider the

confidence interval will be.

2 These sectors are 17, 18, 22, 24, 28, 31, 32n834a.
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Figure7. Spatial location patternd/y).

We are going to use sector 3Bther transport equipmento exemplify the

results coming from the two benchmarks. This wilalele us to compare the

resulting location patterns.

In Figure 5d, we can see the spatial distributibfirms from sector 35, in the
Spanish territory. It can be seen that the estabksnts in this sector are
distributed in small clusters around Madrid, Bavoal, Vigo and the Basque

Country, as well as along coastal areas in general.

If we compare the outcomes obtained using bothHreacks (Figures 6d and
7d), it becomes clear that the resulting locatiatigrns are very different. In fact,
the location pattern shown in Figure 7d has charestic features that are more
consistent with the real distribution of firms (ghoin Figure 5d) than Figure 6d.
The apparent concentration of sector 35 that appadfigure 6d is partly due to
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an inappropriate benchmark. Indeed, whenNhkgr function is used, sector 35
presents significant concentration up to a radcdagth of 186 km. However, when
we control for the ‘first nature’ factors and fdret general tendency of economic
activity to agglomerate, using tiry function, we achieve results that are more
realistic. In this case significant concentratisrobserved up to a radius of 28 km
and the maximum significant peak is reached astadce of 9 km. Furthermore,
significant dispersion is found from kilometre 66wards. Thus, we note that the
results obtained from theviry function describe the real distribution of

establishments in space in a more accurate way.

The rest of the sectors analysed using the secendhimark, presented in
Table 2, also show different location patterns.ldac example of this fact is that
not every sector presents concentration comparesiaoufacturing firms as a
whole, whatever the length of the radius consideasdhappens with the CSR
benchmark. Nevertheless, as was to be expectedoumel a coincidence. The
highest concentrated sectors, i.e. those that rdaetighestM value, are the
same as the ones in the first analysis and inaheesorder: 19, 17, 32, 33, 22, 24
and 31. Obviously, th®ly value of these sectors is not as high asvibg:value,
because in this case we compare each sector wihlatation of overall

manufacturing and not with complete spatial randessn

It may be interesting to compare the above-mentioresults with those
obtained by Duranton and Overman (2005) in the Bitprisingly, they are very
similar. On the one hand, they find that the |laeadi sectors in the UK are 17, 18,
19, 22, 30, 31 32 and 33, which almost coincidehwiite most concentrated
sectors in Spain. On the other hand, the leasterdrated sectors in Spain match
those non-localized sectors in the UK perfectly, 15, 20 and 26. Therefore, it
can be observed that manufacturing sectors tenillimv similar patterns of
location between countries, at least this seentsetthe case between Spain and

the UK. Additionally, the most concentrated sectorsrance and the USA are

19



Textile (17) and Leather products (fthese results also coinciding with the
most concentrated sectors in Spain and the UK.

Alonso-Villar et al (2004) also studied the geographical concentratibn
Spanish industry, between 1993 and 18%nd concluded that the most highly
concentrated industries, according to the MaurdlSé&dillot index, are 19, 17, 32,
22, 33 and 24. As we can see, these results asathe as ours. Hence, thanks to
the results obtained by these authors, we candadace that, broadly speaking,
the spatial location patterns of Spanish manufagjusectors have not varied
significantly in recent years, since the highestaemtrated sectors are still the
same as in 1999, thus showing some temporal pamsist

INSERT TABLE 2 ABOUT HERE

In spite of this regularity, every Spanish manufdaoly sector possesses its
own singularities and its patterns of location elifineaningfully from one to
another. In fact, thepersistenceor spatial dimension of the cluster varies
depending on the sector considered. Hence, weifgladisof the sectors analysed
into five groups. First, type 0 sectors are thasened by industries that do not
present statistically significant concentrationdispersion in comparison to the
total manufacturing industry. Second, type 1 sactoclude industries that show a
greater tendency to concentrate than the manufagtas a whole at all distances
under consideration. Type 2 sectors consist of ehosdustries that are
systematically less concentrated than the overahufacturing industry, that is,
they show just relative dispersion patterns. Typen@ustries are relatively
concentrated at low distances and dispersed a¢ ldigfances. Finally, type 4
sectors include those industries that are relativBépersed at low distances,

while at long distances they are more concentridiaa manufacturing as a whole.

1 See Maurel and Sédillot (1999) and Ellison ance€ga (1997).
2 Nevertheless, they only presented results for 188®&e not many differences were observed
throughout the whole period.
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The classification of the different sectors app@atbe last column of Table 2,
‘Type of sector’. On the one hand, it can be skah 10 sectors (17, 19, 21, 22, 24,
25, 31, 32, 33 and 34), half of the total numbext there considered, present a
stronger tendency to cluster than manufacturingdias a whole at all distances
(Type 1), whereas just one sector presents onlgedison in relation to the
manufacturing industry as a whole at all distandggpe 2). Finally, it should be
noted that only sectors 18 and 37 do not presgnifgiant divergence in their

tendency to cluster with regard to manufacturirgg@s as a whole (Type 0).

On the other hand, we can see that the rest ofehtors present different
location patterns depending on the spatial scabsatn that is to say, depending
on the length of the radius being considered. Heseetors 27, 28, 29 and 35
show concentration patterns, as compared to manouiiag as a whole, at low
distances and relative dispersion at large disgnibat is to say, concentration
takes place on a relatively small scale (Type Ingequently, we may deduce
that the establishments in these sectors arehliged in small clusters, presenting
dispersion when the distances become longer. Fjredictors 20, 26 and 36 are
relatively dispersed at low distances and more eotmated than manufacturing as
a whole at long distances (Type 4). In the casseofors 20 and 26, however, this
tendency to cluster in relation to overall manufiaicly at long distances is quite
weak and, in the three cases, the distance at whishiendency appears is very
long. As we can see in Table 2, we only find rekdii significant concentration
patterns in these sectors from 137, 145 and 106muwards, respectively, and so

these three sectors can be considered to be edatiispersed.

Taking into account thklry value from the fourth column in Table 2, we can
deduce that dispersion happens on different seaddghe most highly dispersed
sectors in Spain are (15) Food products and begsy&g0) Wood and products of
wood, and (26) Other non-metallic mineral produdibese dispersed sectors,
which have an elevated dependence on natural Esyware related to food or to

the primary sector. Moreover, these sectors are lely to be made up of
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specialised manufacturers that disperse their lestafients to supply the different
markets in the best possible way.

Alternatively, if we pay attention to the sectdnatthave been classified as the
most highly concentrated, it can be seen that gigéoeneration forces that explain
this concentration do not exhibit particular chéedastics. On the one hand, the
two sectors that show a higher level of concemnatn Spain, 19 and 17, are
clearly low-tech. We presume that the geographscaicentration presented by
these sectors is wholly duehigstorical trends™ On the other handechnological
spilloversseem to be the main reason for location in se@by82 and 33. Finally,
sectors 22 and 24 are the ones for which the sdardkilled labourappears to
play a decisive role in their decision to concdetraThis indicates that
‘knowledge spillovers’ are not the only factors efetining the concentration of
activity. Indeed, there are also many other facsush as local labour pooling,
natural advantages, tradition, transport costspwand and forward linkagébs
that can be factors determining this concentratind which play an important

role in the patterns of localization of each sector

Hence, although according to the literature higtrteectors may be the most
highly concentrated, this is not so in our analysisfact, it does not occur in the
UK, France or in the USA either. Thus, Devereuwale{2004) stressed thathe
most geographically concentrated industries appedre relatively low-techand
Maurel and Sédillot (1999) found that the most emiated sectors in France are
textile and leather products, two of the most tradal and low-tech sectors.
Similar results can also be found for the Unitedt&. Thus, in Chapter 2 of
Krugman (1991a) it is said that the sectors withigher degree of concentration
are not high-tech, but rather they are sectorsteléao the textile industry.
Nevertheless, we are not trying to say that thehdwgh sectors are not

concentrated, we just want to draw attention tof#toe that low-tech sectors can

% They have probably settled and clustered in theesarea since the Industrial Revolution.
4 Emphasised in this way by Krugman (1991a).
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also be concentrated. As a result, the diversityoodes that, according to the
theory, can cause agglomeration seems to be prestgmdifferent degrees of

intensity in each sector.

With regard to the weight of sectors that show eotr@tion or dispersion, it
can be observed that quite a lot of sectors showerdration patterns (14 out of
20). The percentages of manufacturing firms andkermsr employed in these
concentrated sectors are 65% and 67% respectivetgreas 35% of the
manufacturing firms and 33% of manufacturing woskéelong to dispersed
sectors. Therefore, we can state that a largeroptiop of manufacturing
employees work in sectors with concentration past@and that these sectors have

a larger proportion of firms.

Finally, the agglomerative strengths belonging &she sector, which pull
economic activities together, may weaken at lorgjadices and determine the
differences in the size of the clusters and inrtBpatial sequence. The specific
location of firms is the result of the trade-offtlWween centripetal (external
economies, scale economies, technological spilfo\arecialised factor markets,
and so one) and centrifugal forces (diseconomieaggfiomeration, immobile
factors, land rents, etc.) and this is what willedmine the differences in the size
of each cluster. At first, the increase in firmgdted in an area creates a self-
reinforcing process of agglomeration, which leama progressive increase in the
centripetal forces associated with this locatioive@ the intensity of centripetal
forces, an increase in the radiu$ énd the corresponding increase in distance
may reduce the incentive to locate in a particalaster. Thus, this trade-off
between the centripetal and the centrifugal foomss not necessarily increase or
decrease monotonically with distance. For thisoeat is interesting not only to
analyse the average values of Mdunction at each radius, but also its variations
when we change the radius, that AVi/Ar (the marginalMyy value at each

distance). This margindiry value informs us about the increase in the nuraber

23



neighbours in each sector whebecomes higher as compared to the increase in

neighbours of the overall manufacturing industry.

In Appendix 2, we can see this information for gvesector that was
considered; nevertheless, we are going to give taileeé description of the
location patterns of four sectors, which presemigher level of concentration.
Thus, in Figure 8, we can see thlgy value (continuous line) and the marginal
Mmv value (dashed line) for sectors 17 (textiles), (&ning and dressing of
leather), 24 (chemical and chemical products) @h¢&dio, televisions and other
appliances). On observing these graphics, somdigangxome to mindWhat is
the distance at which the greatest increases inréfhegive density of neighbours

are producedDo these increases present any kind of regularity?
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Figure 8. Spatial location patternd/Ar and marginaMry value).
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The distances at which we can find the maximumease in neighbours
(maximum AM/Ar) vary considerably for each sector, depending be t
agglomerative strengths that are specific to eadtos These distances will be
called distance of maximum increasahd are summarised in Table 3. In this
table, we can compare the distances at which aolibsmaximum inMmy is
found (absolutéviry) with the distances at which maximum increasdd+i take
place (marginaMy). It can also be observed how the two values cemght
each other in order to give us more detailed infdrom about the location

patterns of each sector.
INSERT TABLE 3ABOUT HERE

In sector 17, we can see that the margmial value presents four noticeable
peaks at the distances of 2, 8, 17 and 25 km. Timeseases in the number of
neighbours at short distances can be interpretélueasxistence of nearby clusters
(or micro-clusters) in the textile industry. More@sywe find new peaks when we
increase the distance and the radius measure® &d573 km, respectively. This
can be due to the existence of new clusters, wdnietseparated from the previous
ones, in other regions. Sector 19 also shows nheltigarby clusters up to a
similar distance (27 km). In fact, we find signdit increases in the number of
neighbours whem measures 2, 9, 24, 26 and 27 km. Thus, sectoanil719
allow us to observe similar location patterns airskdistances, and the distances
at which the clusters appear almost coincide with another. However, as you
can see inAppendix 2 the increase in neighbours in the textile setomore
regular than in sector 19, since two great incre@sehe number of neighbours
appear in the latter at distances of 2 and 27 km.

The centripetal forces of the previously analysect@s, 17 and 19, may be
different from those of sectors 24 and 32, sineeitfitial spatial scale at which
multiple nearby clusters appear in these sectorsmaller (16 and 18 km,
respectively, instead of 25 and 27 km). Indeedtosed7 and 19 are traditional,

low-tech sectors whereas 24 and 32 are high-tectorse Therefore, we can
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assume that the technological spillovers may redbeedistance at which the
clusters are produced. Thus, the nature of theipetdl and centrifugal forces of
each sector will determine the differences in the f theclusters and the

sequence in which clusters appear within the teyrit

5. Conclusions

This paper analyses the spatial location pattefnsianufacturing firms in
Spain. To do this, we use a distance-based metiaidh allows us to consider
space as continuous and avoids the drawbacks o&dhenistrative scale, and
thus geographic concentration can be measuredfetedit scales. Therefore, this
method enables us to know the intensity of conegintr or dispersion of each
Spanish manufacturing sector, the distance at whtichmaximum level is
obtained, and the spatial sequence of the increadks said intensity. Moreover,

we can detect whether the departures from rand@raresstatistically significant.

The characteristics of the location patterns of 8pmanish manufacturing
sectors can be attributed, in our first analysis, various forces acting
simultaneously. Thus, the location of the activitgy be due, first of all, to the
dissimilarities in such natural features as mounstarivers or harbours, that is,
‘first nature’. Secondly, it may be due to the gahéendency of manufacturing
firms to agglomerate and, thirdly, to the idiosyata tendency of each particular
sector to concentrate. In fact, by usirgprhplete spatial randomnésas the
benchmark we find that every sector presents argketendency to concentrate,
whatever the distance considered. Furthermore,mgea strong regularity in the
distance at which the highest concentration ishedd85-91 km) that may also
be due to the benchmark employed. Moreover, thet rhighly concentrated
sectors are both traditional (predominated by lexglated industries) and high-
tech industries. This also occurs in the UK, Francehe USA, as we have
already commented, and it coincides with the Sparesults obtained in 1999.
From this, we can conclude that these locationepat have not varied
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significantly in Spain in the last few years andttimanufacturing sectors in
different countries tend to follow similar patterofslocation. These findings lead
us to believe that this is more likely to be dueidimsyncratic features of the
sectors (technology, input structure, transportts;osnd so forth) than to

characteristics of the countries themselves.

In our second analysis, we control for the firstun@a and for the general
tendency of manufacturing firms to agglomerate,clwhallows us to isolate the
specificities of each sector and their idiosyncraéindency to concentrate once
they have been controlled for their industrial camtcation. Besides, we minimize
the drawbacks associated with the use of the rgatanarea as area of study. In
this way, although the most highly concentratedascoincide in both analyses,
not every sector presents concentration as compartéek overall manufacturing
industry. In fact, our results show that about 70%6Spanish manufacturing
sectors and a similar proportion of manufacturingpkyees are localised. With
regard to the specific location patterns of eacttase half of them present a
stronger tendency to cluster than the manufactundgstry as a whole, no matter
what the distance is; in fact just one sector prisseispersion at every radius
measured and the rest present concentration agrdisp depending on the spatial
scale that is chosen. Finally, usirgtal manufacturingas the benchmark, our
index is comparable across industries, it contimighe overall agglomeration of
manufacturing and for industrial concentrations iinbiased with respect to scale

and aggregation, and it gives an indication ofdigaificance of the results.

By means of the margin&liry value AM/Ar), which informs us about the
increase in neighbours whenbecomes higher in every sector relative to the
increase in neighbours in the overall manufactyrimgcan be seen that the
distances at which we can find the maximum incréaseighbouring firms vary
considerably among sectors. In all probability, thiéerences in the size of the
clusters and the sequence in which clusters appehe territory are determined

by the nature of the centripetal and centrifugatdés of each sector. As a result,
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we find multiple nearby clusters in the most highbncentrated sectors, but the
initial spatial scale at which we find these mué&ipnicro-clusters is smaller in
high-tech sectors (i.e. 16 km) than in traditionaly-tech sectors, where it is
25 km. This may be because the centripetal forcess&onger in high-tech
sectors. Finally, when the spatial scale considéezbmes larger, new clusters
appear and this indicates the existence of newoagglations of firms in different

regions.

Finally, we should just add that we are aware efaggregation of data in our
analysis, given that we are dealing with sectoas éine aggregated at the two-digit
level. This aspect may generate a clear compemnsetiect between the different
branches of each sector, since the most aggregatkdhe most dispersed ones
can compensate each other. Consequently, the tegxirsour analysis could be
to try to find out whether the location patterneganted by the different branches
of each sector are similar to or different fromd@alisplayed by the sector itself.
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Table 1. Location patterns of Spanish manufacturing se¢tdesy

o o Significant peak
Sectors (NACE 93 - Rev. 1) Cfé%l'ﬂfriﬂln i:gggﬁ?:; x‘sz D'S(tf)mce Tc}IlSsetgrf
15 Food products and beverages All distances --- 05 @, 100 km 2
17 Textiles All distancegq 0,27 87 km 1
18 Wearing apparel and dressing All distances ---| 0,09 87 km 2
19 Tanning and dressing of leather All distances - - 0,50 | 156 km 2
20 Wood and products of wood All distances 80,0 200 km 2
21 Pulp, paper and paper products All distances -1 0,16 99 km 1
22 Publishing, printing & recorded mefiall distances --- 0,20 85 km 1
24 Chemical and chemical products All distances --| 0,17 90 km 1
25 Rubber and plastic products All distanges 130, 97 km 1
26 Other non-metallic mineral products  All distasige 0,08 | 200 km 2
27 Basic metals All distances 0,1p 80 km 1
28 Fabricated metal products All distances 0,0986 km 1
29 Other machinery and equipment All distanges -1 0,13 96 km 1
31 Electrical machinery All distances 0,16 gok 1
32 Radio, televisions & other appliances All disas 0,21 91 km 1
33 Instruments All distances 0,21 90 kimn il
34 Motor vehicles and trailers All distances 1D,| 100 km 1
35 Other transport equipment 0-186 km 189-200(km 07 0] 64 km
36 Furniture and other products All distances ,120| 183 km 2
37 Recycling All distances 0,09 86 km 1
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Table 2. Location patterns of Spanish manufacturing se¢tdrs,)

o o Significant peak
Secors (VCE3-Ren 1) | cotmneent | SOnean” [ Distancel 02 ¢
15 Food products and beverages --- All distapce<,04 80 km 2
17 Textiles All distancegq 0,18 87 km 1
18 Wearing apparel and dressing --- --- @
19 Tanning and dressing of leather All distances - - 0,45 157 km
20 Wood and products of wood 137-200 km 0-120 km 0,03 64 km 4
21 Pulp, paper and paper products All distances -+ 0,07 103 km
22 Publishing, printing & recorded mediaAll distances --- 0,12 36 km 1
24 Chemical and chemical products 0-147 km 80,0 83 km 1
25 Rubber and plastic products 0-167 km --- 0,04 Ok®
26 Other non-metallic mineral productg 145-200 km -128 km -0,03 60 km 4
27 Basic metals 42-84 km 127-200 km 0,02 63 km 3
28 Fabricated metal products 34-87 km 97-20Q kn©,01 66 km 3
29 Other machinery and equipment 0-121 km 130-260 k 0,04 77 km 3
31 Electrical machinery 0-131 km 0,08 81 km 1
32 Radio, televisions & other appliances  All distas 0,13 83 km 1
33 Instruments 0-175 km 0,12 81 km 1
34 Motor vehicles and trailers 51-100 km --- 0,02 80 km 1
35 Other transport equipment 0-28 km 66-200 km0,02 9 km 3
36 Furniture and other products 106-200 Km 25-93km 0,06 193 km 4
37 Recycling 0
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Table 3. Distance of maximum intensity of neighbouring firms

Sectors (NACE 93 - Rev. 1) Absolute Marg'&;’" |
Mm Mum

15 Food products and beverages 80 km

17 Textiles 87 km 2/8/17/25 km

18 Wearing apparel and dressing
2/9/24/26/27 km

19 Tanning and dressing of leather 157 km
48/81/113 km
20 Wood and products of wood 64 km
21 Pulp, paper and paper products 103 km 17 km
22 Publishing, printing & recorded med|a 36 km 2-6/17 km
24 Chemical and chemical products 83 km 4-6/13/16 km
25 Rubber and plastic products 90 km 18 km
26 Other non-metallic mineral products 60 km
27 Basic metals 63 km
28 Fabricated metal products 66 km
29 Other machinery and equipment 77 km 11 km
31 Electrical machinery 81 km 10 km

32 Radio, televisions & other appliances
12/16/18 km

33 Instruments 81 km 4/8-10/14/17 km
34 Motor vehicles and trailers 80 km

35 Other transport equipment 9 km 2 km

36 Furniture and other products 193 km

37 Recycling

@ Those sectors in which the ‘margiriy, value’ does not appear is because it
does not add relevant information.
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Appendix 1

Table Al. Additional descriptive information about Spanishratacturing sectors

Number Number of Technological

Sectors (NACE 93 - Rev. 1) of frms employees  intensity”
15 Food products and beverages 5761 356314 L

16 Tobacco products 6 1226 L

17 Textiles 1949 81818 L

18 Wearing apparel and dressing 1710 59286 L
19 Tanning and dressing of leather 1698 46708 L
20 Wood and products of wood 2340 75844 L
21 Pulp, paper and paper products 837 56890 L

22 Publishing, printing & recorded media 3004 130222 L

23 Coke, refined petroleum products 12 16417 M-L

24 Chemical and chemical products 1722 158238 H
25 Rubber and plastic products 2165 138488 M-L
26 Other non-metallic mineral products 3413 225792 M-L

27 Basic metals 986 137066 M-L

28 Fabricated metal products 8094 267568 M-L
29 Other machinery and equipment 3015 161407 M-H
30 Office machinery and computers 77 6374 H

31 Electrical machinery 1099 79357 M-H
32 Radio, televisions & other appliances 344 31593 H

33 Instruments 376 19528 H

34 Motor vehicles and trailers 876 192873 M-H

35 Other transport equipment 451 58274 M-H

36 Furniture and other products 2924 100084 L
37 Recycling 228 8095 L

% This classification of sectors according to thehtelogical intensity belongs to the National
Statistics Institute, meaning H = high, M-H = madibigh, M-L = medium low and L = low.
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Appendix 2

On the one hand, the graphs situated on the hestiate the spatial distribution of
firms from each Spanish manufacturing sector. Gndtiner hand, the graphs in
the middle show the spatial location patterns @séhsectors measured by the
Mcsr function, while those on the right show the spat@cation patterns
measured by means of tNgy function (continuous line), with the addition bkt
marginalMry value (dashed line). These two graphs allow wetect differences
between geographical concentration scales accordingthe sector under
consideration.
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18 Wearing apparel and dressing

18 Wearing apparel and dressing

18 Wearing apparel and dressing
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20 Wood and products of wood

20 Wood and products of wood
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22 Publishing, printing and
recorded media

22 Publishing, printing and
recorded media
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25 Rubber and plastic products

25 Rubber and plastic products

25 Fubber amd plastic products
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27 Basic metals 27 Basic metals 27 Basic metals
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29 Other machinery and

29 Other machinery and equipment

23 Other machinery and equipment
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32 Radio, televisions and other

32 Radlio, televisions and other
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34 Motor vehicles, trailers

34 Motor vehicles, trailers

34 Mator vehicles, trailers
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36 Furniture and other products

36 Furniture and other products

36 Furniture and other products
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