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Abgtract:

This paper seeks to andyse the extent of geographic concentration in Spanish indudry. To
that end the concentration index derived from a modd of indudtria localisation proposad in
Maurd & Sédillot (1999) is used, and a comparison is made with other indices used in
literature. Starting from the modd proposed, an in-depth sectorid and geographic sudy is
made of the spillovers generated by proximity between businesses. The data used are taken
from the Encuesta Industrial de Empresas (Indudtrid Survey of Busnesses) and cover the
period from 1993 to 1999. The results confirm that there is mgor geographic concentration
in a number of indudries with widdy vaying chaacteridics, induding high-tech
busnesses and those linked to the provison of naurd resources as wel as traditiond
indudtries. It is ds0 observed that for mogt sectors spillovers between companies go beyond
the provincd levd, and that in some cases those oillovers afect not just busnesses in the
same sector but aso those in reated sectors.
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1. Introduction

In the early 1990's a new line of research was opened up which used certain ideas from
ealier economigs (Madhdl (1890)) as the bass for dudying the agglomeration of
economic activity with a more rigorous and forma approach. The resulting literature forms
pat of what is known as “New Economic Geography”, and takes up the gpproach of the
creular, cumulaive causaion theory put forward in Myrdd (1957). This theory puts grest
emphass on feedback in processes of economic growth: the author sudtans that if a critica
threshold of development is passed a a particular point, whatever the cause, an even greater
process of concentration of economic activity may ensue Insofar as many companies may
dready have st up in a paticular location, this may atract new investment, which will
gengae higher levds of income and, in turn, consumption, and thus endble more
busnesses to be crested. In the find andyss this leads to serious inequdities between
regions.

These ideas are taken up in the semind work of Krugman (1991), where a theoretica
framework is proposed which can explain why some regions concentrate the gregter part of
indudrid ectivity in detriment to others even though there are no a priori differences
between them in resources or technology (the arguments traditiondly put forward to
explan inter-regiona differences in compardive advantage theory). This work has resulted
in a condderable literature concarned with dudying processes of agglomeration of
economic activity. Such agglomeration can be intendfied & some dages by processes of
economic integration (Ottaviano & Puga (1998)) or by new communications technologies
(Warf (1995)). 1

In our paper we seek to anadyse the geographic concentration of industry in Spain between
1993 and 1999, and to study the spillovers across busnesses which may be behind that
concentration. Frg of al we look a whether locdisstion patterns vary widdy from one
industry to another. Secondly, we atempt to compare patterns in $ain with those obsaerved

! According to Ottaviano & Puga (1998), one conclusion which can be drawn from this literature is that
processes of integration favour increased concentration of economic activity in their early stages, but
subsequently lead to greater dispersal.



elsawhere in order to draw generd conclusons, i.e to determine what indudtries tend to
concentrete to a greater degree in different countries, and what indudries are generdly
more widdy dispersed. Thirdly, we atempt to discover wha role spillovers may play in
these processes of concentration. Findly, we study the evolution of the manufacturing firms
throughout the period.

The method we use is that proposed in Maurd & Sédillot (1999), which enables us not only
to determine the degree of concentration of each sector of industry but dso to andyse the
locdisstion spillovers involved? Two points are andysed in regard to spillovers first of &l
a dudy is made of concentration in each sector a regiond and provindd levd in an
atempt to determine whether or not the spillovers between plants in the sector in question
go beyond provincid level. Secondly, we run a sectorid andyss to determine whether the
Sillovers are highly redricted in nature and are found only between busnesses in the same
sector, or whether they adso affect businessesin related sectors®

The peper by Maurd & Sédillot (1999) discusses the amilarities between the index
proposed by its authors (which is referred to here as M-S) and that put forward earlier in
Ellison & Glaeser (1997) (refered to here as E-G). However, it does not andyse the
differences between the two indices, 0 it is had to peform an empiricd andyss to
determine why they do not dways coincide it may happen that M-S concludes that a sector
is highly concentrated while E-G concludes that it is not, and vice versa. We therefore
analyse the differences between these indices here and indicate the aspects of concentration
on which each one places mos emphass We dso compare these indices with the Gini
index, which is aso widdy used in literature

2 A distinction is drawn in the relevant literature between localisation spillovers (across businesses in the
same sector) and urbanisation spillovers (across businesses in different sectors). See Henderson et al . (1995)
and Glaeser et al. (1992) among others.

% This method is not sitable for a more exhaustive analysis to determine whether urbanisation spillovers
exist.

4 Callgon (1997) and Callejon & Costa (1995) also study the concentration of industry in Spain, though their
methods differ from ours and the period covered is earlier (1981-1992). Another noteworthy study is Paluzie
et al. (2000), which seeks to identify the determining factorsin the localisation of industrial concerns.



The paper is dructured as follows. Section 2 defines the M-S index and presents its main
characteridics. Section 3 discusses the differences between M-S and E-G and compares
both indices with tha of Gini. Section 4 presents the daia used and dudies the
concentration of industry in Spain in 1999. This section ds0 andyses soillovers across
companies, drawing a diginction between the geogrgphicd and sectorid scope of these
oillovers. Section 5 shows the evolution of the M-S index dong the period 1993-1999.
Section 6 gives the main conclusions reached.

2. The Concentration Index in Maurel & Sédillot (1999)

General Approach

This sction defines the concentration index, ¢, which we use throughout this paper to
atempt to determine the degree of spatid concentration of Spanish industry. Concentration
is andysed sector by sector, i.e. a concentration index must be defined for each sector
considered. In what follows we therefore assume that businesses belong to the same sector.

Taking Ellison & Glaeser (1997) as a reference, Maurd & Sadillot (1999) proposes a
modd of indudrid location according to which plants in a particular sector decide to locate
in particular geographica regions ether because of the naturd conditions of those regions
or because of sillovers which may aise from the proximity of other plants in the same
sector which are dready located there®

An outline of the mogt ggnificant eements of the model proposed in M-S are presented
below, with as little recourse as possible to technicd detals. The random variable U is

defined, which takes a vdue of 1 if plant j is located a locetion i, and O otherwise. It is
assumed that dl pars of plants j and k in the sector have the same joint digtribution for ther

binary responses (U ;,U.,) , such that?

® This model does not discriminate between these two possible causes of the |ocalisation decision.
® This 2-dimensional random variable is made up of two non-independent Bernouiilli variables.



EU,)=EU,) =X,

probU, =U, =1 = x* +x,(1- x,)g,

probU; =U, =0)=(1- x)*+x (- X)g,

probU; =LU, =0) = probU; =0U, =1) = x(1- x)(1- 9).
This means that dl the plants in the sector have the same probability, denoted by x, of
locating & a particular location i. © Moreover, from the foregoing expressions it can be
deduced that g =corr(U
plants j and k isprecisly g, a parameter which shows both the interdependence of plant
location decisons due to ther interests in naturd advantages and the exisence of spillovers
betweenthem, g1 [- 1,1].

U,) for j1 k, i.e the corrdaion between the locations of

ij

As can be deduced from the above probability didtribution, the probability that any two
plants in the sector will choose the same location, p, 8 can be written as a linear function of
the parameter g <0 that by proposing an estimator for the said probability for p an estimator
can be obtained for g, which is whet ultimately interests us as will be shown beow. M-S's
paper proposes an estimator for p which leads to an estimator for g asfollows®

égz'éxiz
%-H
1- ax

9= 1- H ’

where i denotes the location,®® s is the proportion of employment in the sector accounted

for by locetion i, xis the proportion of indudriad employment & locetion i, and H is the

" This probability depends on the size of the location, measured in terms of aggregate industrial employment
there, so that if one location has twice as much employment than another, the probability of a plant in the
sector analysed choosing to locate there is twice as high as at the other location. In other words, x; isthe
proportion of industrial employment ati.

. g . . o o o 0
8 This probability, p, is precisely a probU; =LU, =1) =a xi2 +g§i- a xizg.
azz
® p=4a 'o“'— ,Where j, kT i denotesthe plantsin the sector that choose to locate at locationi.
i a Zj zZ,

In
10 At empirical level the location may be anatural district, department, province, region, state, etc.



Herfindehl index for the sector, which is given by H :é zl.z, where z; is the proportion
j

of employment in the sector accounted for by plant j. H thus shows concentration of output,
i.e. whether or not the sector's output is concentrated in just a few plants. If dl the
employment in the sector is concentrated in one plant, H takes a vaue of 1, and if there are
many plants of smilar szesitisdoseto 0.

Thisindex isgmilar to that proposed previoudy by E-G, which isexpressed as

é(si - Xi)2
i . - H
1-ax’

Oec = 1 H

Both indices are non biasad edtimators of parameter g, though M-S has the advantage that
it comes from a smpler probabiligic location modd. At empiricd levd there are dso
differences between the two indices, as they do not necessrily emphesse the same points
in assas3ng concentration. Thisis discussed in alater section.

Now let us look a why both indicators can be used as concentration indices. Firg of dl, the
fird terms of the numerators of both ¢ and g, can be interpreted as primary indices
(according to ther terminology) of geographic concentration, insofar as they measure the
differences between spatid didribution in the sector (given by s) and the indudrid
aggregate (given by x). As M-S show, the expectations of both primary indices can be

11

written & H+g@1- H).~ Thus g is adudly <showing the excess of primary

concentration, i.e. that part of geographic concentration which is above the concentration of
production (given by H). Moreover, usng ether g or g, if a sector is randomly
digributed through the different geogrgphic units, or if there are no spillovers across the
vaious plants in a sector, these indices average zero, regardless of how concentrated

production is in a smal number of plants. However this is not true if we directly use the
primary spatid concentration index, as deduced from the mean vaue given above. The fact



that indices ¢ ad g.. have this property makes them espedidly suitable for messuring
Spatid concentration.

This method can be adapted, as proposed in MS, not just to sudy the concentration of a
sector but dso to check for soillovers across busnesses. What follows looks a both the
geogrgphicd and the sectorid scope of these spillovers, e fird an andyss is run to see if
sillovers extend beyond the sub-regiond scope, and then it is dudied whether spillovers
occur across businesses in the same sector or in related sectors.

Geographical Scope of Spillovers

This section looks at the geographic aspect of soillovers, i.e. the gpproach developed above
is weed as a bads for determining whether spillovers, represented by g, extend beyond the
ub-regiond scope. M-S propose comparing the probability that two plants in a sector will
locate together when the geographic unit of reference is gmdler than a region (which in
Spain means taking the province as a unit), as conddered in the previous section, i.e. taking
into account that plants decide ther location in a dngle sage, and then obtaining that
probability through the two-stage process described below. In stage one the plants must
decide in what region they wish to locate, and in stage two in what area of that region (i.e
in what province). Moddling this location process cdls for the caculaion of conditioned
probabilities that could be obtained from the joint probability distribution presented above.

Given tha the probability obtained via one-stage location must coincide with that obtained
in two-gtage location, it can eadly be shown that

reg
gpl _I rlgrl +a l rgp(v)2+a mgrlgp(r)z 1
r r

whereg ,.g,,.9,,,, @€ respectively, the correlation in plant location decisons in the sector a
ub-regiond (provincid) leved in a dngle dage, a regiond levd, and & sub-regiond leved

1 Note that the fraction of employment in the sector at alocation can be written in terms of random variables,
and hence the primary indices can al'so be considered asrandom variables. 5 =4 z,U; .
j



in two stages (i.e. after a region has been selected). On the other hand, 1, +§ 1, +§ m =1,
with

o
& x @ x)w,
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where W, denotes the sum of the squares of the weights of the sub-regions of region r
measured in terms of the proportion of aggregete employment in the region.

Sollovers a sub-regiond leve can therefore be written as a weighted mean of Sillovers
with a regiond scope, spillovers with a soldy sub-regiona scope and the crossed product
of both. Usng the above expression it can thus be cdculated what proportion of spillovers
is due to each factor.

As shown in M-S's paper, when the scope of geographica spillovers extends beyond the
limit of the smdlex geographicd unit we should observe a greater concentration in the

higher arealeve (g, <g,,).

Sectorial Scope of Spillovers

This section sudies the sectorid scope of spillovers. To that end ther effect is permitted to
extend not only to plants in the same sector but adso to production plants in relaed sectors.
We thus assume that these spillovers will affect the location decisons of both the plants in
a cetan subsector (eg. a 3-digit levd dassficaion in the CNAE (Spanish Naiond
Classfication of Economic Activities)) and those in other subsectors of the same sector (2-
dgt levd in the CNAE). Thexe gsillovers which afect plants bdonging to different
subsectors can be measured from the vaue of the corrdation g,.*? Given that g, is not

expresad in the paper by M-S, we have derived the expresson in the Appendix.

2 |nthiscase g, = corr(U ij,Uik) , withj and k being two plants belonging to different subsectors of the same
sector.
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with g, being the concentration index for subsector |, w, the proportion of employment
accounted for by subsector | within the sector and H, the Herfindahl index for subsector |.

On the other hand, as M-S affirm, it can be shown that

inter
intra

o 2 o) 26
agw(1- H.)+go§1-a W
— 1 |
1- é.W|2H|
|

g

I.e. the correlation between plants in the sector, g, can be written as a weighted mean of the
correlaion between plants in the same subsector, denoted by g, for each subsector |, and
the correlation between plantsin different subsectors, g, .

Using this expression, we can caculate what part of the concentration within the sector, g,

isdueto intra-sectorid spillovers (within the same subsector), and what part to inter-
sectorid soillovers (between plantsin different subsectors of the same sector).

3. Concentration Indices

Although we concentrate in this paper on the use of the MS index, we compare the results
with those obtained with the E-G and Gini indices. This section presents the amilarities and
differences between these indices All three am to measure the geographic concentration of
a sector, teking indudrid activity as a whole as their point of reference. Thus, the fird two
indices differ bascdly in the way in which their primary indices are obtained. M-S cdlls for

the calculaion of the differences between § s and § x°, which are taken as reflecting

the divergences between the territorid location of the sector in terms of employment and



that of the indudrid aggregete. é (s - x)* aopears in the cdculaion of the primary index

of E-G, which ds0 takes into account the differences between what hgppens a sectorid
levd and in the indugry as a whole, though in this case these differences are cdculated
location by location. The Gini concentration index dso messures the extent to which the
spatia distribution of a sector differs from that of the industry asawhole®

For any of these indices the concentration will therefore show the divergences between
what happens a sectorid level and a aggregate leve, so that if the geographic digribution
of a sector coincides with that of the industry as a whole, that sector is sad not to be
concentrated. As shown in our presentation of the method proposed by M-S, both the M-S
and E-G indices messure geographica concentration beyond the concentration of output in
jus a few plants (measured by the Hefindahl index), which means they have advantages
over the Gini index.

It must be borne in mind thet the firg two indices differ in the degree of importance which
they dlocate to divergences between the sector andysed and indudtrid activity as a whole.
A location in which the percentage of the sector is greater than that of tota indudrid
activity is a podtive factor in the M-S index, while one in which the contrary is true is a
negdtive factor (note that the firg term of the numerator of the M-S index can be written as

a(s- x)s +x)). Moreover, if the location hes a high level of aggregate industridl

employment and an even higher leve in terms of the sector, its contribution to the index is
vay gredt, while if it has little indudry, even though the weight of the paticular sector in
quedtion is greater, its contribution is pogtive but smdl (though higher than its contribution
to the E-G index, since in the former case it would contribute (s, - x, )(s + x ) and in the

13 The Gini index is calculated by ordering the various units of territory in accordance with the Hoover-
Balassa index, which measures theratio s /x; . The x-axis represents the cumul ative proportions of industrial

employment as a whole, and the y-axis the cumulative proportions for the sector under study. The Gini index
measures the quotient between the area between the corresponding Lorenz curve and the 45-degree line and

the area below this line. Specificaly, the Gini index would take the form n;‘é_l(pi - qi)/nélpI , Where p,
i=1 i=1

denotes the cumulative proportion of employment in the sector and ¢, the cumulative proportion in industry
for the first i units of territory in the ranking obtained via the Hoover-Balassa index (see Briilhart (2000)). A
sector which is distributed in a similar fashion to the industry as a whole gives a value for Gini's index of

10



latter it would contribute (s, - x )(s - x,)). This is why the M-S index tekes on high velues
when the sector is locdised a those locations where there is mogt indudry, as shown in
some sector discussed below. But if the sector is localised a locations with little indudtria
weight the index shows little concentration. However the EG index takes into account the
divergences between the sector percentage and the indudrid aggregete in each location,
regardiess of the direction of the difference, and the contribution to the index vaue is the
same in both cases Moreover, if a location has more employment in one sector then for
industry as awholeits contribution to thisindex is less than its contribution to M-S

4. Concentration of Industry between 1993 and 1999

The Data

The data used in the andyss are taken from the Encuesta Industrial de Empresas (El)
drawvn up by the INE (Spanish Naiond Inditute of Staidics). The adyss covers the
years from 1993 to 1999, but results are presented only for 1999, because the performance
of the sectors was observed to be similar throughout the period (see Teble 1)."°A more
detaled andyss of this evolution will be presented in the next section. The El provides
data on employment with a maximum teritorid breskdown to provindd levd and a
maximum sectorid breskdown to the 3-digit level as per the CNAE. Table 2 shows the
sectors available.

This andyds uses on the one hand informetion a regiond leve (regiond autonomous
communities, denoted by CCAA) with a sectorid breskdown to two and three digits, and
on the other hand information a provincid levd with a breskdown to two digits (in data
broken down to three digits there is a mgor lack of information due to high leves of

zero. We have also calculated the Gini index, taking population distribution as a reference, and the results are
very similar. Correlation between the two indicesis high.
14 The correlation of the array obtained from the M-S index with that obtained from the EG index in the
Spanish case is around 56%. With the Gini index it is 68%. Using French data, the paper by M -Sfinds higher
correlations on the order of 90% for the two first indices.
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secrecy in datistics).® The andyss peformed using 2-digit sectorid dassification takes in
a totd of 30 sectors, 5 of which were diminaied on grounds of lack of informetion in
practicdly dl locations with postive vaues!’ The degree of secrecy in statistics varies in
the remaning sectors, averaging around 5% for employment & provindd levd and 2% a
CCAA leve.

Given the lack of information in some of the remaning sectors we have assigned a vaue to
those locations for which datidics are secret by udng the information avalable a a more
aggregate levd. Thus for eech sector a two-digit levd the fird dep is to cdculae
employment asocdaed with the whole of the locaions with secret Satidics via the
difference between totd employment in the sector in Spain as a whole and employment in
those locdisations for which informaion is avalable This difference is dlocated among
these locations according with ther weghts in indudrid employment. When the sample is
corrected with a breskdown to the 3-digit leved (respectivdy, breskdown to provincid
levd) the information avalable a 2-digit leve (respectivdly, CCAA levd) is taken into
consideration, so that atributed employmert is as close to actud employment as possble!®
Usng this sample foreddls the posshility that the geographic units congdered may differ
when a compaison is drawvn between regiond and provincid results, producing
discrepancies as a rexult of the non avalability of information a provincd levd for a
sector for which information isavailable a CCAA leve.

15 1n 1993 the survey was modified in two important points: the survey unit changed from establishments to
businesses, and the CNAE93 sectoria classification was adopted. The period analysed beginsin 1993 so that
homogenous data are available for the full period.

18 The INE provides no information on sectors in a localisation (province or CCAA) when there are less than
4 plants.

17 sectors 11, 12, 13, 16 and 23 have been eliminated. These sectors cover part of the mining and extraction
industry, tobacco and coke plants oil refineries/ nuclear waste treatment. In sectors 11 and 12 the INE
provides no aggregate information for the sector. In the rest the number of CCAA in which statistics are secret
is9, 11 and 13 out of 17, respectively.

18 When the sample is corrected at provincial level, CCAA information (if any) is considered and the weight
of the province within the CCAA is taken into account. In correcting the sample to a sectorial breakdown
level of three digits, employment information from the 2-digit sector to which it belongsis taken into account.

12



Concentration at Provincial Level

We now go on to discuss the andyses peformed a provindd levd with a sectorid
breskdown of two digits as per the CNAE. In grouping sectors according to their degree of
concentretion we have followed the M-S concentration index, but the results are compared
with those obtaned via the E-G and Gini indices To endble us to compae the
concentration figures we obtain with those presented in M-S for France and those obtained
by E-G for the USA, we condder the same criteria proposed in both these cases: index
vaues (both M-S and EG) lower than 0.02 are taken as low concentration, vaues from
0.02 to 0.05 represent intermediate concentration and vaues higher than 0.05 are taken as
high concentration.

Table 3 shows the M-S, EG and Gini concentration indices with the corresponding array of
sctors obtained with eech of them, plus the Hefindahl index. The mogt highly
concentrated sectors according to M-S are the fdlowing: Preparation, tanning & finishing
of leather (19),'° Office machinery & computer equipment (30), Textiles (17), Electronic
materials, radio, TV and communications (32), Mining & extraction of anthracite, coal,
lignite and peat (10), Publishing & graphic arts (22), Medical, precison & optical
instruments and watch-making (33), and the Chemical industry (24).%° These sectors are
characterised by the concentration of mogt of their activity in jusd a few provinces,
generally Barcdlonaand Madrid.?

The resllts seem farly robug, in view of the degree to which the three indices used
coincide. In fact, the E-G and Gini indices dso place these sectors among the mogt highly
concentrated, though there are exceptions. sector 24 is conddered as having intermediate
levd concentration under E-G and low under Gini. Employment in sector 24 is

1911 this case the Herfindahl index informs us that employment is distributed across many plants, but in spite
of thisahigh spatial concentration is observed.

20 The concentration of the Recycling sector (37) must be viewed with precaution in view of the high degree
of secrecy in statisticsin this sector.

21 The Preparation, tanning & finishing of leather sector and the Office machinery & computer equipment
sector have experienced a very high concentration between 1993 and 1999. The Measuring & precision
instruments and Publishing & graphic arts sectors are also characterised by an increase in concentration
during the period.

13



concentrated precisely in provinces such as Barcdona and Madrid, which are dready
highly indudridised, which explains the divergence between the two indices M-S is highly
sengtive to patterns of thistype, while E-G isnot.

The sectors which show up as having low concentration under dl three indices used are:
Foodstuff and beverage industry (15), Manufacture of metal products other than machinery
and equipment (28), Manufacture of furniture, other manufacturing industries (toys,
jewdlery, musical instruments & sports articles) (36) and Production and distribution of
electricity, gas, steam and hot water (40).%2

However, there are some sectors in which the indices andysed show certain contradictions
in dasdfication. For indance Mining & extraction of non metallic minerals (stone, sand,
minerals for fertiliser and salts) (14) is the least concentrated sector according to M-S, but
has an intermediate concentration under EG23 Similar divergences are found in sectors 20,
26, 27 and 35.

A more in-depth look a the causes of these discrepancies shows that they are due to
different nuances in the definitions of the two indices, dong the lines of those mentioned
above. For example a look at the digtribution of employment in sector 14 leads us to deduce
that it is not heavily concentraied in the most highly indudridised provinces, and thus is
rated lower under M-S than under EG. Barcdona and Madrid account for less than 12% of
the employment in this sector, but between them they have 33% of employment in indudtry.
Nor is there any other province in which the quota of employment is outdandingly high.
Smilar patterns can be found in the other four sectors, i.e. the divergences between the M-S
and E-G indices for these sectors are due to the reaively high number of locdisaions in
lessindustridised provinces.

221t should be noted that the Gini index does not put sector 40 among the lowest. Thisis probably due to the
high degree of concentration of output at a small number of plants, as can be deduced from the Herfindahl
index.

2 The Gini index in these cases does not show very high figures.
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FHndly we have a group of sectors which are dassed as being of intermediate concentration
under M-S and low under E-G. The sectors involved are 18, 21, 25 and 31. A more
exhaudive andysis reveds that the concentration of these four sectors does not appear to be
low, given tha a mgor pat of the employment in them is located in provinces with a
condderable indudrid weght and in provinces known for ther specdisaion in these
sectors. Thisiswhy M-S gives higher vaues then E-G.

Geographic Scope of Spillovers

Thus far we have andysed concentration using the province as our geographic area of
reference. The modd proposed in E-G indicates that the concentration index should not in
theory be sendtive to the definition of the geogrgphicd area (CCAA or province in our
cax). The authors assume that Soillovers are locd in scope, and that their area of influence
is therefore limited to the smdlest unit of teritory. However, they dso indicate that this
assumption could be somewhat redrictive in practice, given tha spillovers may have larger
scopes of action.?

Indeed, if spillovers may have grester scopes it is easy to redise that concentration at
regiond levd should be lower then a provincd levd. We have drawn the following
figuresto show this

[insert Figures1& 2]

Each CCAA, maked by a thick line, has the same number of provinces, the limits of which
ae shown by the thin lines The points represent the plants in each province. A look a
these illudrations shows thet if the plants in a sector are widdy didributed across QCAA’s
but not within eech CCAA (Figure 1), we would expect to find a grester concentration at
provincid then & regiond levd, dnce the neighbouring provinces in the same CCAA do
not contain plants working in the indudry in question. However, if oillovers transcend the

24 Remember that parameter g could be interpreted as the degree of spillovers, as it measures the extent to
which the location of one plant may be conditioned by the location of another, g = corr(Uij ,Uik) , withj and k
being two plantsin the same sector.
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locd (provincd) scope neighbouring provinces should benefit from the location of plants
in the sector in question, and concentration a provincid level may be expected to be lower
then a regiond leve (Fgure 2).

If these results are confirmed, we should observe higher levels of concentration & CCAA
levd then a& provindd levd in Span. A compaison of the cdculaed results of the
concentration index with the two leves of geographic aggregation suggedts that in generd
the index vdue is dightly higher a CCAA levd. This is the case in 17 of the 25 sectors
andysed, 0 it seems that the scope of the spillovers in these sectors is broad.?® However
the arays resulting & regiond and provincd levd do not differ subgantidly, except in
Manufacturing of motor vehicles, trailers and semi-trailers (34), which ranks higher a
provincid level and has a higher index vaue. Obsarvaion of data enables us to date that
employment in this sector is didributed across seved CCAA’'s but within them is
localised in one or two provinces.

By usng the two dage modd presented above we can obtain the proportion of spillovers
due to provincid and regiond scopeThe ranking of indudries derived from the one stage
modd a the provindal leve (see table 3) is roughly the same as the one obtained with the
two dage modd (table 4) but now we are adle to separate the contribution of broader and
closer sillovers. As we can see in table 4, 12 of the 20 sectors congdered show a higher
proportion of regiond pillovers, especidly in textiles, paper, chemical, machinery, other
manufacturing industries, and electricity, gas & water. Thus, it seems dear tha in these
sectors spillovers go indeed beyond the provincid scope.

Sectorial Scope of Spillovers

So far spillovers across plants in the same sector a 2-digit levd have been andysed. We
now go on to discuss the results when a didinction is drawn within each sector between
illovers afecting plants in the same subsector and those affecting plants i different

% Thisisformally demonstrated in M -S.
26 sectors 30, 40, 22, 32, 33, 34, 10 and 18 have higher index values at provincial level, while for the rest the
position isreversed. Thissituation isfound in 5 sectors under the E-G index.
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subsectors of the same sector. To that end the results obtained are compared with the
breskdown of indudries a the 2- and 3-digit levds Given the high degree of secrecy in
datigics invalving information a provincid levd and a breskdown to three digits, the
andyssisredricted solely to CCAA levd.

By andysng intraa and inter-sectorid Spillovers the following results can be inferred (see
Table 5). Of the sectors which ae mogt highly concentrated a provincd levd, sectors 19
(tanning and leather), 32 (electronics material and radio & TV sets etc.), 33 (measuring &
precison instruments etc.), 22 publishing & graphic arts etc.) and 37 (recycling) stand
out as having sectorid spillovers which are greater than nter-sectorid soillovers. From this
it can be deduced that the plants in these sectors benefit more from proximity to other
plants in the same sector than from proximity to plants from related sectors. This may be
because subsectors maintain a certain independence one from another.

It should be noted thet, even though sectors 35 and 36 show up a low concentration index,
ther corresponding intra-sectorid Soillovers are very high. This is manly due to the high
concentration levd that ther subsectors have, which implies that oillovers ae very

intendve within subsactors.

However, agglomeration in sectors 17 (textile indudry) and 24 (chemical indudry) is due
more to Soillovers across plants in different subsectors of ther sector then to those within
each subsector. This may be because of the input-output relaionship between the different
subsectors in the former case (preparation and spinning of textile fibres, finishing of textile
products, etc.), and to the use of skilled labour and research facilities common to different
subsectors (pasic chemicals, pesticides, paint, pharmaceuticals, soaps, €c.) in the latter. In
other words, the inter-relationship between subsectors of sectors 17 and 24 could be greeter
than in other sectors, and spillovers between sectors therefore show up as having a grester

weight than those within sectors.
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5. Evolution of industrial concentration in the period 1993-1999

To andyse the geogrgphic concentration of indugtry in Spain between 1993 and 1999, we
cdculate the M-S index a provincid level with a sectorid breskdown of 2-digits as in
previous sctions We ae paticulaly intereted in andysng how the indudrid
agglomeraion has devedoped dong the period, and whether there exids a tendency to a
greater/lower geographic concentration or not. From the results, we can confirm thet there
is not a generd long-run tendency to concentration. However, data show that some sectors
have experienced remarkable changes in ther leves of concentration (see Table 1 ad
Figures 3-5).

[insert Figure 3]

Figure 3 shows the evolution of the M-S index between 1993 and 1999 for each
menufacturing sector. The x-axis represents the index vaue in 1993, with respect to the
median, and the yaxis the mean rate of change. Sectors 30 and 19 have strongly increased
thelr concentration in the period. An exhaudive andyss of sector 30 adlows us to observe
that Madrid has ganed employment, wheress Vdendia has log an amount of employment
gmilar to that gained by Madrid. It seems terefore that there has been a reocation of the
sector and, snce Madrid had a high share of manufacturing in 1999 (11%), it is reasongble
to expect this change in the indudrid location to be associaed with a higher vdue of the
index. With respect to sector 19, we observe that Alicante, which aready had a high share
of firmsin 1993, has experienced a remarkable employment increase.

This figure dso dlows us to dassfy sectors in four groups. The firs group includes those
sectors in the 4" quadrant, which had a concentration level below (or equa to) the median
in 1993 and experienced an increase in concentration throughout the period. These sectors
are 15, 20, 26, 35, 36, 41, 28, 30, 21 and 18. The groups in the 39 quadrant are those with
an M-S index bdow the median in 1993 and an decreasing concentration level thoughout
the period. These are sectors 14, 40, 27, and 29. Sectors in the right-hand quadrants are
those with an index over the median in 1993, among them we can didinguish between
sectors 21, 25, 22, 33 and 19, which show an increase in the indudtrid concentration, and
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sectors 34, 31, 37, 24, 17, 32 and 10 which show a reduction. This last sector suffered the
grestest lost of concentration, dnce severd edablishments in the highet specidised
provinces (such as Leon and Oviedo) were closed. Also, sector 32 lost weight in Madrid
and sctor 17 in Barcdona, this leads to lower concentration indices Snce those locations
which have logt weight were highly indudtrialised.

[insert Figures4 & 5]

Fgures 4 and 5 show the evolution of the menufecturing sectors with more ddall,
diginguishing between those sectors that in 1993 were bdow the median (Fig. 4) and those
above (Fg. 5). Between the former we should notice that sector 30 shows a greet increase
in concentration until 1996, but afterwards it tends to decrease. The rest of the sectors in the
group show a roughly dsable concentration pettern. Between those sectors above the
median, we can observe that sector 19 shows a different evolution peth: its geogrgphic
concentration has increased al over the period, even though in the last year it seems to have
decreased. Also, we should highlight that concentration in sector 10 has decreased dl over
the period, even though the highest change took placein 1998.

6. Conclusions

This pagper andyses the extent of geogrgphic concentration in Spanish industry, based on
data from the Encuesta Industrial de Empresas, between 1993 and 1999. The results
confirm the interdependence which exits among businesses as regards locaion decisons
in a large number of sectors This is reflected in a mgor geographic concentration of the
output of those sectors.

The sectors which show up as mog highly concentrated indude especidly those for which
geographic location is drongly determined by access to rav maerids (mining &
extraction); traditiona sectors (textiles and leather), those based on high technology (IT
and eectronics), for which technologica spillovers seem to be important, and those which
require skilled labour (eg. the chemical indusry or publishing & graphic arts). In
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paticular, IT and leather have experienced a remakable increase in thar concentration
levels in the period. It should be noted thet the textiles and leather sectors are dso highly
concentrated in other countries, such as France and the USA, as evidenced by papers such
as Maurd & Séadillot (1999) and Ellison & Glaeser (1997). From this it can be inferred that
these sectors tend to concentrate to a greater extent than others. A comparison between
Spain and France shows amilarities dso in mining & extraction and in optical instruments
& watch-making, which are dso highly concentrated.

In Span, as in France and the USA, the least concentrated sectors include the
manufacturing of furniture and metal products Other sectors with low concentretion levels
in Span indude foodstuffs & beverages and production & distribution of energy, which are
less digpersed in other countries, or for which no information is avaldde in the
aforementioned papers.

The geographic reference unit for pat of our andyss of concentration is the province.
However soillovers may extend beyond the adminidrative limits of provinces If o, as
discussed herein, we should obtain higher levels of concentration & higher geographic
levels, i.e a regiond (CCAA) levd. This is indeed what we find in 17 of the 25 sectors
andysd.

Ancther important result of our paper comes from our andyss of the scope of intras and
inter-sectorid - soillovers. Interest here is centred on andysng whether busnesses benfit
more from proximity to other busnesses in ther same sector or those in other dosdy
related sectors. Our results suggest that in sectors such as the textile industry (17) and the
chemical idudry (24) concentration is due more to spillovers across companies belonging
to different subsectors (but al within the same sector a a 2digit breskdown leve) than to
those within each subsector. In sector 17 this may be due to the input -output relationship
between different subsectors (preparation and spinning of textile fibres, manufacture of
fabrics, finishing of textile products, etc.), while in sector 24 it is due more to the use of
silled labour or ressarch fadliies common to various subsectors (basic chemicals,
pesticides, paint, pharmaceuticals, soaps, etc.). In other words, the degree of inter-reation
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between subsectors in sectors 17 and 24 could be greater than that of other sectors, thus
resulting in spillovers between sectors having more weght then those within a sector.
Smilar reaults for textiles and part of the chemical sector are observed in France. However
in other sectors, such as tanning & leather, precison instruments & watch-making,
Spillovers across companies in the same subsector are observed in both countries.
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Table 1: M-Sindex in the period 1993-1999

Year Mean Median Deviaion
1993 0,053 0,026 0,085
1994 0,058 0,028 0,091
1995 0,060 0,027 0,087
1996 0,064 0,029 0,096
1997 0,061 0,027 0,093
1998 0,059 0,024 0,088
1999 0,058 0,031 0,086
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Table 2. Sectors at 2-digit levd

Sector

Mining, extraction & agglomeration of anthracite, cod, ligniteand
pest

Extraction of crude oil and naturd gas, activitiesin servicesrdaed
to ol and gasfieds other than prospecting.

Uranium and thorium ore extraction

Meta minerd ore extraction

Extraction of non metalic and energy-degtined minerd ores
Foodstuff products and beverage industry

Tobacco industry

Textileindudry

Garment-making and fur industry

Preparation, tanning & finishing of leather; manufacture of lesther
and travel goods, accessories and footwear.

Wood and cork industry other than furniture, basket-making and
mat making

Paper industry

Publishing, graphic arts & reproduction of recorded media

Coke, ail refining and nudlear fud trestment plants

Chemicd industry

Manufacture of rubber goods and plagtics

Manufecture of other non metdlic minerd products

Medlurgy

Manufacture of metal products other than machinery & equipment
Machinery and mechanica equipment congruction industry
Manufacture of office machinery and computer equipment
Manufecture of dectrical materid and machinery

Manufacture of eectronic materia, manufacture of redio, TV and
communication equipment and sets

Manufacture of medicd & surgical, precison and optica equipment
and ingruments and watch- making

Manufacture of motor vehides, trallersand sami-trailers
Manufacture of other trangport materia

Manufacture of furniture, other manufacturing industries
Recyding

Production & didribution of eectricity, gas, seam and hot water
Catchment, trestment and digtribution of water

CNAE
2-digit

10
11

12
13
14
15
16
17
18
19

20

21
22
23
24
25
26
27
28
29
30
31
32

35
36
37
40
41

Number
of
subsectors

WWNPFR, OUIN N

WORLRN~NOITONNWWN ol

a1

R WNO 01w
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Table 3: Concentration indicesin 1999

Sector M-S EG Gn Herfindar
14 0044 (1) 0036 (15 0378 (10) 00022 (12)
40 0033 (2) -0003 (1) 0475 (14) 00348 (23)
15 0032 (3 0012 (8 0192 (1) 00005 (3)
20 0028 (4 002 (13) 0273 (3 00005 (4)
26 0024 (5 0032 (14 0310 (6) 00008 (7)
27 0007 (6) 0046 (18) 0528 (16) 00116 (17)
35 0004 (7) 0041 (17) 0577 (18) 00146 (18)
36 0001 (8 0015 (1) 0316 (7) 00004 (2
28 0009 (9 0004 (4 0202 (2 00002 (1)
4 0010 (100 0013 (9 0441 (12) 00250 (21)
34 0019 (11) -0003 (2) 0481 (15) 00255 (22)
29 0020 (12 001l (6 0309 (5 0,0010 (10)
18 0031 (13 0014 (10) 0387 (11 00008 (8)
25 0032 (14 0007 (5 0321 (8) 00034 (14)
21 0034 (15 0004 (3) 0280 (4 00029 (13)
31 0040 (16) 0011 (7) 0348 (9 00041 (15)
37 0058 (17) 0017 (12) 0582 (19) 00173 (19)
24 0111 (18) 0037 (16) 0451 (13) 00018 (11)
33 0123 (199 0062 (20) 0599 (20) 0,0076 (16)
22 0128 (20) 0056 (19) 0531 (17) 00007 (6)
10 0178 (2) 0320 (25) 0944 (25) 01714 (25)
32 0179 (22) 0086 (22) 0747 (22) 00218 (20)
17 0182 (23) 0087 (23) 0676 (21) 00009 (9)
30 0221 (24) 0074 (21) 0906 (24) 01342 (24)
19 0235 (25 0292 (24 0790 (23 00005 (5)
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Table 4. Shares of regiond and sub-regiond spillovers

Sector®”  Concentration  Fractionof regiond Fraction of sub- Fraction of the
index, g soillovers regiond spillovers cross product
(%) (%) (%0)
14 -0.032 41.9 62.8 -4.7
15 -0.025 49.3 54.1 -3.4
17 0.160 87.2 5.0 7.8
18 0.036 44.5 48.8 6.6
19 0.211 66.2 128 210
20 -0.025 42.7 59.9 -2.6
21 0.030 A3 -1.2 6.9
22 0.082 64.5 255 10.0
24 0.084 89.6 5.9 45
25 0.032 66.9 26.5 6.5
26 -0.012 -16.9 1154 14
27 0.022 30.1 66.0 39
28 0.012 574 40.0 2.6
29 0.018 95.7 1.9 2.4
31 0.028 77.3 16.8 59
33 0.077 710 19.1 9.9
34 0.021 5.0 938 1.2
35 0.018 513 754 34
36 0.003 110.9 -17.3 6.4
40 -0.021 171.6 -128.9 57.3

27 Sectors 10, 30, 32, 37 and 41 have not been considered in the analysis since some regions have not
employement in tese sectors, which makes the calculation of the concentration indices for these regions

(%(ry2) impossible.
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Table5: Intra- and inter-sectorid spillovers’®

Sector g Intra Inter
14 -0,025 -0,194 1,194
15 -0,023 0,207 0,793
17 0,262 0,102 0,898
18 0,030 2,916 -1,916
19 0,262 0,938 0,062
20 -0,020 -0,257 1,257
21 0,053 0,625 0,375
22 0,099 1,782 -0,782
24 0,141 0,312 0,688
25 0,041 0,842 0,158
26 0,004 2,198 -1,194
27 0,013 0,848 0,152
28 0,013 1,103 -0,103
29 0,032 0,691 0,309
31 0,041 0,223 0,777
32 0,152 0,907 0,093
33 0,103 1,364 -0,364
34 0,002 2,604 -1,604
35 0,007 11,71 -10,71
36 0,007 18,36 -17,36
37 0,070 0,627 0,373
40 -0,067 -0,501 1,501

28 These spillovers have been written as a percentage, i.e. the ratio between intra (or inter) spillovers and g
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Appendix

Lemma 1. L& p be the probability that two plants in an indudry locate in the same areg,

and g =corr @J,;,U, g, Where j and k represent two plants of sector r, j k. It can be
shown that
p=gfl- & x’ 2+ &%’
e i g i
é z;z,
R
Besides, p =g Lo isanesimator of p2° From which it follows that
i j’RrZiZk
p-ax’
g= 1- é, Xiz
isan estimator of g 3°
Proof. See Maurel & Sédillot (1999). O

Lemma 2. Let usassumethat sector r has two subsectors, | and |'. Then,

.2 .2
o _ es) 0 & 0
a ZJ Zk —1' a ZJ _ - a ZkZ ]
i mn g K 4
K

where z; isthe employment share of plant j insector r .

Proof. Taking into account that § z, =1, we can writethat
iir
(_:_)2
1:&05- ii:éziz+ézjz+ézjzk+ézjzk+é.zjzk' (A1)
irog i i i K jkI I
[

A draghtforward cdculation shows that

2By j,kl i wemesnthat j and k locatein the same geographic area i .
%0 Analogous expressions can be found when j T |,kT |',1and 1’ being two subsectorsin sectorr, | 1 | .

In this case, we denote by g, =Corr(UijUik)' Othewise, that is, if j,kI |, we denote by

o] :corr(Uij,Uik)-
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o _ éo 2 ] l}' éo 2 o l\;l
aZ;Zk—l' eaZ; + aZ,-Zku' eaZ,- + aZ,-Zkg’

|: éijll ik a ejir ki a
i

F=

which leads to the expression we wanted to obtain. [

Propogtion 1. We propose an edimator of the probability of two plants in indudry r
choosing the same location as given by the following expresson
é 32' H- é Wz(l‘ Hl)@l +é Xizé. le(l' HI)(gl - 1)
= _i Inr i I ,
po 1- é Wz
r

where s is the employment share of sector r inlocation i, H is the Hefindehl index in

sector r, w, is the share of subsector | in sector r employment, H, is the Herfindahl index
in subsector |, g, is the geogrgphic concentration index in sector |, and x is the
proportion of the whole manufacturing employment inlocation i .

Proof. The edimator of p, we use is andogous to the one proposed by Maurd & Sédillot
(1999) for the case in which plants belong to the same sector®*

o}
a 44
LR
~ 9 jiLAT
po_ o ’
i a ijk

LA
where z; denotesthe shareof plant j inemployment sector r .
Sep 1. Wefird provethat § z,z, =1- § w’.
i Ir
Using Lemma 2 when more than two subsectors exigt, we can write

2
& 0

a zz=1-acaz- . (A2)

IR reijl 7]

31n order to simplify notation, by j and K we mean two plants belonging to the same sector r without
making it explicit in the equation. By jT |, kT |' wemeanthat j belongsto subsector | ,while k doesto

subsector |', | and |" being two subsectors of sector r .
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Dencting by z, the proportion of plant j’s employment with repect to subsector |, it

falowsthat z; = w,z;, . Introducing this expression in equation (A2) we obtain that
2

2 2
o oS 0 o
a zz-= 1-agaw =1- agwa =1-aw2gazj.+=1-aw2-
NNk Ihr @jil g ire jil g Ir eijil 1] Ihr

Step 2. Now we are going to prove thet the numerator in p, can be written as

o] o é,\ o ( [¢] U
zz=35-H-§ V\f(l- H )églgi a>g29+a XZLJ
i e i i u

] ~
I

Z

= Qo

a
i K
LR

Andogoudy to the steps followed to obtain (A1) we have thet

zl z, .

2
é’l Z,zk Az--az-a
eijli 7] i |

== QJO

i I
J| I

Using the above expression and teking into accountthat § z, =s,and § Q z,

i il

2=H,we

have tha
o} o _o 2 O O O
aa fa=as - H - aaa gk
i M i |IIrj,I»1i
frLednr NN

Snce z; = w,z;, , we can write

The edimator of the probability, p,, of two plants in subsector | choosng the same

locationis
601 é ZjIZkI
i ki
P =—a—
| %lznzk.

Using this estimator the above expresson can be written as
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o o o o a\ o O
a- a Zizk:a. S12'H'a.W|2(;p|a 24 =

Hi'm Imr e IR 7]
Besdes,
.2
1=ca z+ =a z°+a 7%
ejTI 7] ]I j,ﬁ(l
Hence
R 0
é é Z,Zk=é§ -H- aVVuzplgi' azj|2+.
i }flﬂiﬁll i Ir e i [}

il

Snce H, =§ z,°,itfolowsthat
j

Using Lemma 1 in subsector | we have that

n n o 0 o
o] =g|g1' a )§25+a)§2’

from whichwe get to Step 2

o o 0 0 €. o 20 o U
a a ijk:aSZ_ H- § WZ(]_- H')@I?' a x2++a XZQ
T i ce Pt

Step 3. Finaly, weuse Steps 1 and 2in p, and after

o] [¢] é,\ o O o l:l
as-H-aw(l-H)g ? ax‘=ax’y
~ i Ir e i [ u

0 1-5.“42

mr
&5’ H- AW (L H)G+Aw (1 H)GA x*- Aw’(1-H ) Ax
— i Iir Ir i lMr i

1-aw’
Mr
as’-H- aw(L-H)g +axaw(l-H)G -1
— i Ir i Ir
1- g w’

Mmr

2
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Theorem 1. The edimaor of the corrdaion between the location decison of two plants

belonging to different subsectors of the same sector, g, = corr (Uij Ui ) , Can be written as

G-H-aw (- H)§
go_ Mr ,
1-aw’

Mr

as’-ax

WhereG:%
1- a X;

Proof. Usng Lemma 1 when plaits bdong to different subsectors we have that

o 2
-aX
g, = l—'z where p, is the edimaor of the probability of two plants in different
a X

Subsectors choosing the same location. Using expresson p, in Propostion 1, we can

rewrite g, as
, fas-H-aw@-H)g+axiaw-H)G-y 9
S = i [ Iir -
Jo 1- § x> § 1-aw atuy
i g nr | H
éO o] o o u
A S - H-& W (1- H)G +8 & w’ (1- H)(G - - & X ¢l- & W=
- 1 @i Ihr i Iir i 8 Mr [o]%
1-ax’é 1-aw’ v
i € Mr u
e u
L @as-ax-H-aw(l H).+a>ﬁ aW “1-H)G -D+a x‘aw
— i i Ir i |
1-8 %" AW
i |
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1-éV\42
Ir
1 I' 1 s 0
I ee 0 ~ U
) 2|'G+ o 2A'1+é )ﬁ2+é.wlz(1' H|)g|u
1-aw g 1-ax i aii v a
Ir | i
U
e H- AXA W (L H )+ & XA Wy
1'a)§ S i Mr i Mr UL
1 ! 1 Uu
e o 2 ~ U 20 2 i
i aG - 1- H)gnt a H+ ( W H, v
- 3w & aw(-H)ggris rgHraxan 3{)
Inr | i
G- H- 3 W (1- H)§
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