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Abstract

This paper aims to analyze the determinants of productive agglomerates in the State of
Parand, southern Brazil, mainly focusing on the effects of economies of specialization and
diversification. To achieve its aim, ten industrial sectors (the most representative in terms of
job offer) were selected and through panel data (using spatial panel), regressions were
estimated, one for each industry, considering the 399 towns and the period between 2000
and 2015. The results from all sectors showed statistically significant externalities originated
in the productive specialization, affecting positively the dynamics of industrial growth in the
Parand towns. Moreover, in many sectors, a spatial effect was observed, with spillover of the
industrialization dynamics to neighboring towns.

Keywords: Industrialization. Externalities. Specialization. Diversification.

Aglomeracdes Produtivas no Parana e seus determinantes
Resumo
Este artigo tem como principal objetivo analisar os determinantes da formacdo dos
aglomerados produtivos paranaenses, focando especialmente nos efeitos das economias de
especializacdo e de diversificacdo. Para isso, selecionou-se dez setores industriais (os mais
representativos em termos de emprego) e estimou, por meio de dados em painel (utilizando
painel espacial), regressdes, uma para cada industria, considerando os 399 municipios e o
periodo entre 2000 e 2015. Como corolario, para todos os setores, as externalidades oriundas
da especializacdo produtiva se apresentaram estatisticamente significativas, afetando de
forma positiva a dinamica do crescimento industrial dos municipios do Parand. Ademais, para
boa parte dos setores existiu um efeito espacial, com transbordamento da dinamica da
industrializagao para municipios vizinhos.
Palavras—chave: Industrializacdo. Externalidades. Especializacdo. Diversificacdo

Aglomeraciones Productivas en Parand y sus determinantes
Resumen
Este trabajo tiene como objetivo analizar los determinantes de los aglomerados productivos
en el estado de Parang, en el sur o Brasil, centrandose principalmente en los efectos de las
economias de especializacidn y diversificacidn. Para lograr su objetivo, se seleccionaron diez
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sectores industriales (los mas representativos en términos de oferta de trabajo) y a través de
datos de panel (usando panel espacial) se estimaron regresiones, una para cada industria,
considerando las 399 localidades y el periodo entre 2000 y 2015 Los resultados de todos los
sectores mostraron externalidades estadisticamente significativas como consecuencia de la
especializacién productiva, afectando positivamente la dindmica del crecimiento industrial
en las localidades de Parand. Ademds, para gran parte de los sectores se observd un efecto
espacial, con desbordamiento de la dindmica de industrializacién a las localidades vecinas.
Palabras clave: Industrializacién. Externalidades. Especializacién. Diversificacion.

1 Introduction

The spatial distribution of productive activities is seen as a decisive factor in
the process of economic development of a certain region. When a company sets up
business in a specific location, positive feedback might be generated, reinforcing
local externalities and attracting new businesses (Krugman, 1991). This positive
process leads to the expansion of the agglomerate, a direct consequence of
workforce concentration, presence of infrastructure, centralization of specialized
services and technological spillovers, among other factors.

Therefore, the initial point of installation of a productive unit tends to benefit
it, generating direct jobs within its specific sector, as well as in other segments
chained to the new enterprise. Moreover, the income effect appears, favoring other
local activities and indirectly promoting economy growth.

These effects might go beyond the territorial limits, benefitting neighboring
regions, through the absorption of workforce, purchase of raw material and, also the
installation of satellite companies in the surrounding area (Hirschman, 1958). That is,
the initial agglomeration in a specific location of certain space might generate
benefits for the surrounding environment, forming an important productive chain
regarding productivity, employment and income.

Other regional spaces are expected to benefit, ex post, of these
agglomeration economies, developing their productive parks and raising the industry
productivity. Saboia and Kubrusly (2008) observed the importance of this
decentralization in the industrial development, mainly due to the overflows that
coming and/or emerging industries bring to the region, as for example, qualified
workforce, technological spillovers, optimization of costs due to the proximity with
their suppliers and infrastructure provided, among other elements.

In such context, identifying the determinants of the distribution of the
industrial agglomerates becomes relevant for the regional development process.
Thus, the objective of this paper is to analyze the factors that lead to agglomerations
in Parand, considering the 10 most representative industrial sectors between 2000
and 2015 (CNAE 95, DIV). With this purpose, the model by Glaeser et al (1992) was
used, in which three theories are tested: Marshallian economies, Porter’s
competitiveness, and Jacobian externalities.

According to Marshall (1890), economies of agglomeration originate from an
increase in the production scale, resulting from the geographical concentration of
businesses of the same industry. These are economies which are external do the
company but internal to the industry, whose increase in the productivity of factors
results from the gains in specialization (hereinafter, economy of specialization).
Marshall (1890) highlights three sources for these externalities: concentration of
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qualified workforce, promoting collective learning processes; centralization of
services, with intersectoral chains and technological spillovers, creating an innovative
industrial atmosphere, which tends to promote more effective technological and
organizational combinations, with intra industry technological spillovers.

This leads to the assumption that the higher the concentration of companies
of the same industry in a large space is, the greater the attraction of specialized
workforce is, available for all companies. In addition, it lowers the global costs of each
company, due to the proximity between the industry chain links, also presenting a
significant local offer of specialized services. Adding to that, the formation of an
industrial atmosphere results in more efficient technological and organizational
combinations and technological overflows for the companies located in that space.
The hypothesis is that these externalities attract new companies intensifying even
more the spatial concentration.

These externalities are also seen in Porter’s competitiveness theory (1990,
2000), through his view of the competitiveness of the industrial clusters. That author
foresees, just like Marshall, that the companies grow faster when they specialize, by
benefitting from the agglomeration effects. The difference is that Porter (1990, 2000)
assumes that local competition accelerates imitation and improves innovative ideas,
and that even if the returns of innovation are reduced, there is an increase in the
pressure to innovate. Such proposal differs from Marshall’s (1890), which defends
that the local monopoly is the greatest booster of this process. Porter (2000) also
suggests that clusters can become an important forum, with open dialogue between
companies, government agencies and local institutions (such as schools, universities
and public entities), elements which lead to the generation of externalities for the
agglomerated companies.

For Jacobs (1969), however, industrial diversification rather than productive
specialization leads to agglomeration in a certain space. This attraction would result
from the availability of public assets and specialized services (such as the
organizational, technological, and financial fields, transportation, entrepreneurship
qualification, etc.) allied to the existence of a large consumer market. In addition, an
incubator of productive factors with a large and qualified job market would exist,
providing the population with institutions of academic and entrepreneurial
qualification, such as research centers. Moreover, the existence of knowledge
spillovers between the companies of different industries is expected, since the
companies are likely to adopt technological solutions for their bottlenecks based on
the solutions found by others. These and other elements make up inter industrial
externalities, called economies of diversification, which tend to make the productive
concentration even more dynamic.

From these three categories, Glaeser et al (1992) tested the elements that led
to industrial growth in some cities in the United States between 1956 and 1987. His
results were favorable to the diversification of the activity, also identifying the
importance of smaller companies in the dynamics of industrial concentration
(Porter’s hypothesis).

As far as this work is concerned, the general objective is to test whether the
economies of specialization or the economies of diversification lead to the formation
of productive agglomerates in the State of Parana. The empirical model to be
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estimated will be specified following Glaeser et al (1992), whose parameters are
estimated through the spatial data panel technique.

More recently, Loibl et al (2018) analyzed the agglomerations of Asia, Europe
and America and inferred that transport infrastructure (roads, public transport
systems) is a factor that triggers spatial dynamics that cause certain concentration
effects. In addition, urban governance also has an impact on the development of
agglomerations, both elements resulting from industrial diversification.

Following this introduction, the work has other four sections. In the second,
the theoretical model by Glaeser et al (1992) is described since it will be the reference
for the specification of the empirical model. Next, the empirical strategy is presented.
The fourth section discusses the results obtained, while section five presents our final
considerations.

2 Determinants of industrial agglomeration: The model
2.1Initial consideration

Theoretically, the intensification of the productive activity concentration
(intra or inter-industrial) results from the individual quest of companies to obtain
economies of agglomeration, which does not necessarily explain the beginning of the
agglomeration', but determine the elements that intensify it cumulatively. In the
model by Glaeser et al (1992), three theories are put forward that explain the factors
driving this productive concentration and test the effect of economies of
diversification and economies of specialization.

The economies of specialization originate in Marshall’s arguments (1890)
about externalities which are achieved when companies of the same industry set up
their businesses in the same space. These externalities result basically from the
concentration of specialized workforce, centralization of services and technology
spillovers resulting from the linkages between these companies. Likewise, Porter
(1990) defends the specialization of industries aiming at a more intense growth,
mainly for the fact that the companies learn from each other when they are closely
located. The point that differs from Marshall refers to competitiveness, since Porter
understands that externalities are maximized in regions with geographically
specialized and competitive industries.

Economies of diversification, in turn, originate in the concentration of
companies of different industries, which benefit from technological spillovers,
resulting from the diversified environment they are inserted in, with the interaction
of different types of knowledge, in addition to the availability of services, workforce
and a consumer market (Jacobs, 1969).

Glaeser et al (1992), when analyzing some cities in the United States, observed
superiority of the effects of diversification for the productive agglomeration process.
In addition, they identified a more dynamic industrial growth in those cities where
the industries were smaller, with increased local competition between the
companies.

'Which might have occurred by chance or resulted from specific public policies, etc.
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2.2 Glaeser et al (1992) theoretical model
Glaeser et al (1992) summarized Marshall’s (1890), Porter’s (1990) and Jacobs’s (1969)

theories in a single model. Initially, the authors hypothesized the existence of a company in a certain
place with the following production function (1):

Acf(le) Q)

Where A is the technology; | is the work needed in time t. Given the technological level,
prices, and salaries (w) the company seeks to maximize:

A Q) — W, (2)

To achieve that, the contribution of the work that matches the work marginal product to
the salary is set:

A" (1) — Wil (3)
Rewriting (3) in terms of growth rate, we obtain:
tog (262 = 1og (22) _ 1o [M] @
A We o)
The level of technology of the company comprises a national and a local component, that is:
A = AjpcalAnacional (5)

Rewriting (5) in terms of growth rate, we obtain:

log (A/t;l) — lOg (Alocal t+1> + lOg (Anacional t+1) (6)

t Alocal t Anacional t

The national technology growth captures the product price change as well as the changes in
the techniques that occur all over the country. Locally, the technology is assumed to growth at an
exogenous rate for the company, however, it depends on the technological externalities present in
the industry of that town, that is:

(A local,,
og|————

Alocal, ) = g(esp, monlocal, diver, condini) + e, @)

Specialization (esp) refers to the industry concentration in the town, which according to
Marshall (1890) and Porter (1990), tends to increase technological progress. The local monopoly
(monlocal) is defended by Marshall (1980) as a positive element for the appropriation of technology
due to the certainty that innovation will result in profits. However, Porter (1990) disagrees with that,
assuming that although competition reduces innovation returns, higher competition raises the
pressure for innovation. Therefore, both Porter and Marshall agree that specialization impacts the
local technology dynamics, however, Porter understands that competition is important for this
process, while Marshall considers monopoly more efficient in promoting innovation.

@ Redes (St. Cruz Sul, Online), v.28, 2023. ISSN 1982-6745




&)

®

Productive agglomerations in Parana and their determinants

Diversification (diver) measures the variety of activities that the town has, testing Jacobs’s
(1969) theory. Finally, initial conditions (condini) aim at measuring, for example, the initial salary and
the company displacements for lower salaries.
If considering f(1) = I'* onde 0 < a < 1 and rearranging (4), (6) and (7), we obtain:

alog (“i) = —log (wt“) + log (w) + g(esp, monlocal, diver, condini) + e, (8)

le Wi Anacional t

Hypothesis (8) defends that the national industrial sector growth captures national
technology and price changes. In addition, the workers are assumed to participate in the national
market and that the salary growth is constant in all industries in the town. Therefore, in (8),
employment growth in one industry of the town is related to the different measurements of
externalities.

Glaeser et al (1992), when testing (8) for some American cities, found a negative relation
between specialization (Marshallian economies) and the industrial employment growth. This result is
different from that theoretically expected. Regarding the variable ‘local competition’, it obtained a
positive and statistically significant coefficient, inferring that more companies from one sector i
increase this sector employment growth, confirming Porter’s and Jacobs’s hypotheses. Likewise,
Jacobs’s interpretation of the relevance of the industrial diversification to achieve industry growth
was confirmed, demonstrating the importance of inter-industrial knowledge spillovers for the
productive concentration.

3. Methodology

This work central hypothesis is that agglomeration externalities are important for the
industrial growth of the towns in Parana. Therefore, this effect was identified through the analysis of
the growth of such externalities in each sector of each town, verifying in which of them the industry
growth rate is more intense.

That is, (8) was estimated for each sector selected, considering the 399 cities in Parana. The
proxy used to measure the industry dynamics in each sector corresponded to the variation of formal
employment [log (final employment/initial employment)], with RAIS data. Ten sectors were chosen
(classification CNAE 95- DIV) which presented the highest participation in the industry job generation
in the initial year (2000).

As described in equation (8), the employment growth in an industrial sector of a city depends
on the specialization of this industry in that city, the local competition, and the existing industrial
diversity.

Regarding specialization, it was measured through the location quotient (QL), according to

Glaeser et al (1992):
o= ()2

Where E is the employment; i is the industrial segment; j refers to the city in Parang; p refers
to the employment in Parand. Any value over “one” means an over representation of that industry in
the city j, indicating a productive specialization.

Local competition (LC) was measured using equation (10), where the employment (E) per
facility (ES) of the industry i in the city j in relation to the employment per facility of this industry at the
State level was obtained. If the value obtained was lower than the unit, there was a higher local
competition than the Parand average, inferring higher competitiveness in that city than in other cities

of the State.
Ejj E;i
cy = |(&)/ (=) ()
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Regarding diversification, the Modified Hirschman-Herfindal Index - HHM (11") was used,
representing the economies of diversification. Since Hirschman-Herfindal (HH) measures the
concentration, it reduces the value obtained in (11) in one unit, obtaining a measure of diversification
(11a), so that, the higher its value is, the more diversified the industrial structure in j is.

2
=yn |(Ei) _ (Ee
=31 | (5) - ) R
HHM; = 1 — HH; (11a)

In addition to externality and competitiveness, three control variables were included, seeking
to identify the importance of the initial characteristics, as follows: initial employment in industry i,
initial salary in industry i and the change in sector i employment in the State. Glaeser et al (1992)
pointed out that the companies look for regions where the initial salaries are lower, and also the initial
employment in industry i might signal the existence of production benefits for that sector, even if it is
not over represented in the city yet. The inclusion of the variable “(change in the employment in
industry i in the State (MEP)” aims at capturing the local alteration in the sector resulting from changes
in the State industry demand, calculated using (12):

E.
MEP; = log( P ”1/E, t) (12)
ip

Therefore, the models estimated for each selected sector corresponded to (13).

E
log (ﬂ) i = Bo + B1QLix + BHHM; + BsHHMQy + BoCLiy + BsWip + BoEyr +
L

Et (13)
B,MEP; + ¢

Where: E refers to the employment; t is the year; i is the industrial sector under evaluation; QL
is the locational quotient; HHM is the Modified Hirschman-Herfindal Index; CL is the local competition;
W is the salary; MEP refers to the change in the employment in industry i in the State.

It seems relevant to emphasize that for the variable HHM, the quadratic functional form was
used, following methodological procedures by Klein and Crafts (2015), seeking to measure the effects
of the economies of agglomeration. According to those authors, diversification externalities depend
on the size of the cities, inferring a negative effect on the industrial dynamics when they are small and
a positive effect when they are medium and high demographic density cities.

As an empirical strategy for (13), a spatial data panel was built (given the spatial dependence
assumption, confirmed by the statistics presented in the previous analysis?), considering the 399 cities
in Parang, in the years 2000, 2005, 2010, and 2015. The use of a spatial data panel aims at controlling
the non-observable spatial heterogeneity which manifests in the regression parameters, mainly in the
intercept. The spatial heterogeneity must be controlled, either by using fixed effect or random effect
models, whose choice was based on the Hausman test, opting for the fixed effect model in all sectors.

The general specification of the spatial fixed effect model can be represented by (14).

> An exploratory analysis of spatial data was carried out before presenting the econometric results,
calculating the Moran | statistics for the industrial employment, and for the industrial employment
variation in each sector. A Moran | positive and statistically significant value indicates concentration of
the variable under analysis, so that high values tend to be spatially surrounded by equally high values
(and vice-versa). A negative and statistically significant coefficient infers a dispersion trend, so that the
high values of a variable tend to be surrounded by low values (and vice-versa). Having a Moran | that
is not statistically significant reflects the spatial randomness of the variable under analysis (ALMEIDA,
2012)
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Ve = o+ pWy + X B+ Wi Xt + &

14
& = AW, & + & (0

Where: o is the non-observed heterogeneity; p and A are scalar spatial parameters; W is the
spatial weighting matrix; W,y: corresponds to the variable dependent spatial gap; W.X:are the spatially
gaped exogenous explaining variables; and W,&;represents the spatially gapped error term. From this
general model and imposing some restrictions to the behavior of parameters p, t and A, one can
specify different forms of spatial fixed effect models.

This article tested four specifications: spatial gap (SAR), spatial error model (SEM), Durbin
spatial (SDM), and Durbin error spatial (SDEM). Regarding SAR, the specification indicates that
changes in the explaining variable of a region affect not only the region itself due to the direct effect
but can also affect the value of the dependent variable in all regions through indirect effects
(ALMEIDA, 2012). These indirect effects are interpreted as spatial spillovers, represented by p . Intype

SEM models, the spatial dependence appears in the error term, highlighting that the errors associated
to any observation are an average of the errors of the neighboring regions, to which a random
component was added. This model informs that the effects on the dependent variable do not result
only from the shock (represented by the error term) of a region, but from the spillover of shocks
coming from neighboring regions, which are captured by A. The SDM model joins the spillover idea
through the explaining variable gap (WX), to which the dependent variable is added ( o ). Finally, the

SDEM includes the spillover through the explaining variable gap (WX), along with the spillover of
shocks coming from other neighboring regions (A).

To choose which model is better adjusted to the data, the Akaike criterion was used along
with the spatial analysis of each model residues (choosing the one that eliminated by a larger
magnitude the spatial dependence of residues. From the ten models estimated, two showed SAR as
the most suitable, four showed SEM as the most suitable, while another four did not present spatial
dependence when the MQO residue was analyzed (ordinary least square), and, therefore, it was
estimated using a conventional panel. Finally, regarding spatial models, the gap matrix choice took
into consideration the type of matrix that best modelled the error spatial dependence.

4. Productive agglomerates in Parana and their determinants

When a company sets up business in a region, theoretically externalities are generated that
benefit, ex post, the development of other productive activities. Therefore, the initial location of
companies is seen as fundamental for the industrial development of a region. As regards Paran3, the
industrial sector was highly concentrated at the beginning of the 2000s, with 49% of the employment
concentrating in only 2.5% of the towns in the State. In 2015, the spatial centralization of the productive
activity was kept, however, the participation of the ten main cities creating industrial jobs (that is, 2.5%
of the cities) was reduced to 40% of the industrial employment, evidencing a reduction (even if small)
in the industrial concentration throughout the State.

Table 1 - Ten cities with the highest contribution to the formation of industrial employment - cities
in Parana — 2000 and 2015

2000 2015
City Employment % City Employment %

Curitiba 67,308 19.2 Curitiba 81,438 12.7
Londrina 19,612 5.6 Sao José dos Pinhais 30,667 4.8
Maringa 16,581 4.7 Maringa 28,335 4.4
S&o José dos

Pinhais 16,493 4.7 Londrina 23,025 3.6
Ponta Grossa 10,987 3.1 Cascavel 18,255 2.8
Arapongas 10,532 3.0 Toledo 16,939 2.6
Toledo 7,963 2.3 Arapongas 15,549 2.4
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Pinhas 7,678 2.2 Ponta Grossa 15,422 2.4
Campo Largo 7,657 2.2 Araucaria 14,724 2.3
Apucarana 7,583 2.2 Apucarana 12,557 2.0
Total 172,394 49.0 Total 256,911 39.9

Source: RAIS, with data organized by the authors.

Figure 1(a,b) shows the spatial distribution of industrial jobs in the State of Parang, in 2000
and in 2015, both maps are seen to show the same profile, concentrating the highest values in more
peripheral areas with a large empty area in the center. It seems relevant to emphasize that mainly in
peripheral areas, the cities that already presented high percentage of industrial employment showed
the highest employment variations; this is confirmed in Figure 1(c). In general, this is in accordance
with the theoretical arguments (for example, Krugman, 1991) who highlighted the generation of
externalities in places where there is high productive density. That author stated that the spatial
concentration of companies ends up attracting other companies to the region, starting a virtuous
circle of development.
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Figure 1 — Distribution of industrial employment in 2000 (a), 2015 (b) and variation
2000/2015 () - cities in Parand

(a) 2000
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Source: RAIS, with data organized by the authors.

A superficial analysis of the spatial distribution of industrial jobs in 2000 and
2015 suggests that the distribution of this variable is not random in space, on the
contrary, it presents a strong spatial component. This means that one town might be
more likely to become industrialized if it is geographically located close to an
industrialized town; and might show lower probability of becoming industrialized if
it is geographically isolated. This hypothesis is confirmed by the Moran | coefficient
(Table 2). The values are seen to be positive and statistically significant, in all
conventions tested, inferring that on average the cities with high numbers of
industrial employment were surrounded by neighboring towns with high values (and
vice-versa). At the same time, when comparing the coefficient values from 2000
against 2015 an increase is observed, indicating a process of industrial spatial
concentration intensification in specific points of the State.

Table 2 - Moran | Coefficient for industrial employment and employment variation —
cities in Parana — 2000 and 2015.

Variables Queen . 4 . 10 . 15 . >0
neighbors  neighbors  neighbors  neighbors
Employment 2000 0.16* 0.11* 0.10% 0.07% 0.05%
Employment 2015 0.20% 0.15% 0.13% 0.09% 0.06%
Employment variation 0.19% 0.17% 0.14* 0.10% 0.06%

Source: Research results.
Note: * significant at a 5% level with 99999 permutations.

Redes (St. Cruz Sul, Online), v.28, 2023. ISSN 1982-6745




Ot

Augusta Pelinski Raiher, Alex Sander Souza do Carmo, Alysson Luiz Stege

These results signal the existence of externalities resulting from the
agglomeration of the productive activity, making the industrialization more dynamic
over time. The literature points out two types of agglomerations able to produce
externalities: the specialized one and the diversified one. The former, shows the
grouping of companies in the same industry, attracting specialized workforce,
suppliers, services as well as generating technology spillovers, among others. These
elements generate externalities, attracting new companies of the same industry,
resulting in a local positive cumulative process with the promotion of the specialized
sector growth (Marshall, 1890; Porter, 1990). Regarding the diversified agglomerate,
companies of different industries are concentrated, which also benefit from the
externalities generated in an agglomerate, such as, for example, the availability of
infrastructure, workforce concentration, consumer market, as well as technological
spillover between the different industry companies, etc (Jacobs, 1969).

From these hypotheses, the importance of economies of specialization and
diversification was tested in the industrial dynamics of the cities in Parana. To achieve
this aim, the ten industrial segments with larger participation in the industrial
employment in 2000 were analyzed. They were responsible for 80.98% of the
industrial jobs in Parana (Table 3). Altogether these sectors were responsible for the
creation of 246,042 work positions between 2000 and 2015, in which, except for the
“wood product manufacture”, all sectors increased their job offer, becoming more
dynamic throughout the period.

Table 3 - Ten main industrial segments in Parand — 2000
Employment Participation  Variation

Industrial Segment

2000 (%) 2000/2015
Manufacture of food and beverage products 70,589 20.10 121,798
Manufacture of wood products 44,361 12.63 -7,839
Manufacture of clothing and accessories 34,636 9.86 25,008
Manufacture of furniture and other related industries 30,179 8.59 13,338
Manufacture and assembly of automotive vehicles, 20,41 5.81 12,891
trailers, and truck bodies
Manufacture of machinery and equipment 18,928 5-39 27,758
Manufacture of metal products, except for machinery 18,246 5.20 19,008
and equipment
Manufacture of non-metallic mineral products 18,080 5.15 11,814
Manufacture of rubber and plastic products 15,055 4.29 14,199
Manufacture of cellulose, paper, and paper products 13,931 3.97 8,067
Total (selected segments) 635,626 80.98 246,042

Source: RAIS, with data processed by the authors

Figure 2 shows the initial position of each industrial segment and their
variation between 2000 and 2015. The sectors which are less intense in technology,
as “manufacture of food and beverage” and “manufacture of wood products”, for
example, are seen to be more disperse throughout the State. This is illustrated by the
Moran | statistics, indicating that all sectors had a spatial concentration pattern.
However, sectors with higher technological content presented a higher coefficient,
resulting in higher spatial concentration.
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In fact, low technology sectors are related mainly with the primary activity,
which is distributed quite homogeneously throughout the State. While the sectors
which are more intense in technology show specificities which make their distribution
more restrict, being located closer to large centers, where the availability of
specialized service, qualified workforce, etc. is more common. These elements justify
the greater spatial randomness of the low technology sectors, and higher spatial
concentration of industries that are more intense in technology.

Another important element observed refers to the existing correlation
between the employment distribution maps and the variation of work positions
(Figure 2), which tends to show high values mainly in spaces where the initial
employment was high. This fact suggests an intensification in the composition of
existing agglomerates in Parand, with spillovers to the neighboring towns. This
evidence was confirmed by the bivariate Moran | in Table 4.

Figure 2 — Employment in the selected industrial segments in 2000 and variation of
work positions between 2000/2015 — Parana cities
Employment 2000 | Variation 2000/2015
(a) Manufacture of clothing and accessories
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(d) Manufacture of machinery and Equipment
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(h) Manufacture of metal products, except for machinery and equipment
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() Manufacture and assembly of automotive vehicles, trailers, and truck bodies

Source: Elaborated by the authors with RAIS data.

Table 4 — Bivariate Moran | Coefficient for employment variation and initial
employment in the selected sectors - cities in Parand — 2000 and 2010

Sector Queen 4 neighbors 10 neighbors 15 neighbors 20 neighbors
A 0.05% 0.05* 0.04%** 0.03%* 0.04%**
B 0.20* 0.23% 0.22% 0.21* 0.21*
C 0.13% 0.10* 0.11* 0.09* 0.10*
D 0.16* 0.14* 0.12* 0.10* 0.10%
E 0.15% 0.12* 0.09* 0.10* 0.09*
F 0.07% 0.11% 0.05* 0.04%** 0.05%
G 0.07% 0.04%* 0.04%** 0.04%** 0.04**
H 0.16%* 0.17* 0.13%* 0.10% 0.11*
I 0.10* 0.10* 0.09* 0.10* 0.08*
J 0.15%* 0.16* 0.19%* 0.11% 0.09*

Source: Research results.
Note: * significant at a 5% level; ** significant at a 10% level, with 99999 permutations.
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In this context, once there was intensification of the industrialization all over
Parand, benefitting mainly the points where there was initial industrialization and
areas around them, the factors determining these dynamics were investigated. More
specifically, part of the literature reports industrial specialization as the main factor
for the productive activity spatial concentration process, while others defend
industrial diversification.

When the data was analyzed, we could observe that all 10 sectors in the state
of Parana were positively influenced by the productive specialization (Table 5). That
is, when one industry is overrepresented in a city, on average there is an increase in
the employment in that sector in the following period, a direct consequence of the
externalities generated by the industrial concentration. Among the sectors selected,
the “manufacture and assembly of automotive vehicles, trailers, and truck bodies”
was seen as the most sensitive, with the highest impact of specialization on its
growth. Thus, having an already consolidated industry in certain space results in
attraction of new companies of the same industry aiming at benefitting from the
existing agglomeration economies, making the activity in that city more dynamic.

As regards industrial diversification, it was only statistically significant for the
“manufacture of food and beverages” and “manufacture of wood products”. In both
sectors, the initial effect was negative up to certain point, from which it started to
have a positive effect on the industrial dynamics. Klein and Crafts (2015), when
analyzing industrial cities in the United States between 1880 and 1930, also captured
a negative initial effect for some sectors, which was transformed into positive while
the city developed. Therefore, the impact of diversification for these two sectors in
Parand depended on the size of the city: in small towns, the effect was negative,
while larger cities showed positive effect on the industrial dynamics. Lack of
statistical significance for the remaining sectors might be linked to the lower local
dependence on these sectors, which did not benefit significantly from the
externalities generated by other industries, but exclusively from those produced by
the specialization of those same sectors.

Thus, considering the ten industrial sectors analyzed in the State of Paran3,
empirical evidence shows that the specialization effects according to Marshall (1890)
and Porter (1990) predominated in relation to the economies of diversification by
Jacobs (1969).

The empirical model estimated also enabled the identification of the industry
competition degree and its effects on the sector growth. In this sense, Porter (1990)
emphasizes that higher competition tends to generate greater benefits for the
industrial development than a monopoly structure, due to the pressure for
innovation being higher in a competitive environment. However, Marshall (1980)
defends an industry with higher monopoly since the impact in the industrial dynamics
tends to be higher due to the certainty of innovation profits. Our results show that
Marshall’s hypothesis (1890) is more coherent with the reality of industrial sectors in
Parana. In this case, from the ten sectors under analysis, five showed a negative and
statistically significant coefficient, that is, the lower the competition was (or the
higher the size of companies), the higher the industrial growth tended to be.
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Table 5 — Regression for each selected sector - cities in Parana - 2000, 2005, 2010
and 2015

Industrial sectors selected and method used

(A) (B) (©) (D) (E) (F) (@) (H) () ()
EF EF EF

SAR SEM SEM SEM SEM SAR EF
HHM 0.02 0.03 0.04 0.67 -0.59 -0.19% -0.13% 0.72 -0.03 0.22
(0.9) (0.8) (03) (0:27) (0.33)  (0.05)  (0.0) (031)  (0.7)  (0.6)
HHM -0.01 -0.05 -0.05 -0.53 0.62 0.19% 0.01* -0.76 0.15 -0.23
Q (0.8) (0.91) (0.31) (0.3) (0.30) (0.05) (0.0) (0.29) (0.8) (0.66)
MEP 0.10% 0.05 0.18% 0.55 1.12% 0.18% -0.51 0.20 -0.57 -0.40
(0.01) (0.22) (0.01) (0.23)  (0.02) (0.00) (0.3) (0.59) (0.4) (0.07)
CL -0.07 -0.02 -0.01*  -0.05 -0.01 -0.06* -0.32% -0.24% -0.14* -0.17
(0.3) (0.0) (0.0) (0.6) (0.42) (0.02) (0.0) (0.00) (0.0) (0.28)
EMin -0.02  -0.01* 0.08 -0.02 -0.08 -0.01 0.01 -0.01 -0.01 0.01
(0.5)  (0.0) (0.1)  (0.31) (0.15) (0.46) (0.51) (0.08) (0.0) (0.79)
QL 0.41*  0.20*  0.15%  0.34% 0.30* 0.05* 0.25% 0.20* 0.09* 0.88*
(0.0) (0.0) (0.0) (0.0) (0.00) (0.00) (0.0) 0.00) (0.0) (0.00)
w -0.01 0.01 -0.01  -0.01% -0.01* -0.01 -0.01* -0.01% -0.01* -0.01*
(0.6) (0.5) (0.10) (0.0) (0.00) (0.69) (0.0) (0.00) (0.0) (0.00)
P 0.12% - - - -0.07* - - - -
(0.0) (0.05)
A 0.15% -0.3* 0.15% 0.08* - - -

(0.0) (0.0) (0.0) (0.05)

Source: Research results.

Note: QL is the locational quotient; HHM is the Modified Hirschman-Herfindal Index; HHMQ is the squared
Modified Hirschman-Herfindal Index; CL is the local competition; W is the salary; MEP refers to the change in the
industry employment in the State i; EMin is the initial employment. * Significant at a 5% level; ** Significant at a
10% level. SAR refers to the spatial gap model; SEM refers to the spatial error model; EF is the fixed effect model,
estimated through a conventional panel.

Sectors: (A) Manufacture of clothing and accessories; (B) Manufacture of rubber and plastic products; (C )
Manufacture of cellulose, paper, and paper products; (D) Manufacture of machinery and equipment; (E)
manufacture of furniture and related industries; (F) Manufacture of food and beverages; (G) Manufacture of
wood products; (H) Manufacture of metal products, except for machinery and equipment; (I) Manufacture of
non-metallic mineral products; (J) manufacture and assembly of automotive vehicles, trailers, and truck bodies.

The variable “change in the industry employment in the State (MEP)”” sought
to identify those sectors that were seen to be sensitive to local changes resulting
from the changes in the State industrial demand. In four sectors, this variable was
seen to be positive and statistically significant, so that, when the State dynamics was
intensified due to exogenous factors, there was a local positive trend. That is, these
four sectors were sensitive to external actions, which affected their dynamics
directly.

Seeking to identify the importance of initial characteristics, the employment
and initial salary of each sector were included in the estimates. Glaeser et al (1992)
stated that the companies prefer regions where the initial salary is lower to set up
their businesses, a phenomenon found in six sectors in Parana, so that the
employment variation in each industry responded, on average, negatively to its initial
salary.

As for the industry initial employment, Glaeser et al (1992) defended the
existence of production benefits for sectors that have a high employment levelin the
initial period, even if this sector is not overrepresented in the region. Regarding
Paranad, only the “Manufacture of rubber and plastic products” showed a significant
coefficient, however, with a signal contrary to that expected. Therefore, cities that
have high levels of work positions show, on average, lower employment growth in
the following period, indicating the existence of an employment convergence
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phenomenon in this sector in the whole State. Thus, the industry “Manufacture of
rubber and plastic products” is in a process of employment convergence all over the
State, benefitting mainly those cities which are closer to the initial points of location
of this industry.

Finally, the spatial effect of the industrial employment dynamics (Table 5) was
analyzed. Clearly, six estimates presented significant spatial effect, which were:
“Manufacture of clothing and accessories”; “Manufacture of food and beverages”;
“Manufacture of rubber and plastic products”; “Manufacture of cellulose, paper, and
paper products”; “Manufacture of machinery and equipment”; “Manufacture of
furniture and related industries”. The first two sectors showed spatial effect
modelled by the dependent variable, that is, when a city increases its employment
growth, the surrounding area, on average, benefits by the increase in the number of
jobs in these sectors, thus triggering a spillover process (Table 6 shows the direct,
indirect, and total impacts of these two sectors for each explaining variable). As
regards the other four sectors, there was also some impact of the space on the
employment growth dynamics. However, the shock was in the error term, that is, the
factors that were not included in the estimates. Therefore, the results are in
accordance with the theoretical expectations of the intensification of the productive
activity on specific points in the space, benefitting the surrounding areas with the
externalities generated and, in a cumulative process, concentrating the industry
mainly in neighboring cities.

Table 6 - Indirect, direct, and total effects of the SAR models

Industry Impact HH HHQM MEP CL EMin QL \W%
A Direct 0.08 -0.05 0.01* -0.6 -0.0002 0.04* -0.00003
Indirect 0.01 -0.002 0.01 -0.008 -0.00002  0.06  -0.000004
Total 0.09 -0.04 0.01%* -0.07 -0.0002 0.04* -0.00003
Direct -0.19% 0.19% 0.18%  -0.06* -0.00009  0.05% -0.00002
F Indirect 0.13 -1.33 -0.12 0.004 0.000006  0.03 0.000001
Total -0.17% 0.18% 0.16% -0.06*  -0.00008  0.04% -0.00001

Source: Research results

Note: QL is the locational quotient; HHM is the Modified Hirschman-Herfindal Index; HHMQ is the
square Modified Hirschman-Herfindal Index; CL is the local competition; W is the salary; MEP refers
to the change in the industry employment in the State i; EMin is the initial employment. * Significant
at as%level.

Final considerations

The industrial activity development does not occur homogeneously in a
region, on the contrary, it concentrates in some specific locations. In the State of
Parang, the productive agglomerates are mainly concentrated in peripheral regions,
while the central area remains a great empty space. Taking that into consideration,
the main objective of this study was to verify which of the two factors, specialization
or diversification, had greater impact on the formation of productive agglomerates
in the State of Parand. The results highlighted superiority of the externalities resulting
from the productive specialization rather than the diversification.
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All the sectors under analysis presented a positive impact of the productive
specialization on the industrial growth; thus, the quest for external economies leads
to the installation of new companies close to others of the same industry, benefitting
from the external economies resulting from this proximity. Attracting specific
workforce to the agglomerate and making it available for all companies in that
industry is among these benefits, which also include technology spillovers resulting
from the existing productive chain and the spillover of knowledge between similar
companies. Moreover, the attraction of specialized services also becomes a benefit
which might lead other companies of the same industry to set up business ex post in
the region.

It seems relevant to emphasize a spatial effect on the industrialization
dynamics in Parand. Great part of the sectors presented this characteristic and,
therefore, one can infer that the productive process induction at a specific location
in certain space might generate tensions and repercussions that also affect the
industrial process in its neighborhood.

Taking mainly these two results into consideration - specialization
externalities and spatial effects - industrial policies might leverage the pace of
productive development in Parand, mainly if focusing on the identification of the
industries each city is specialized in, and which would be the cities with higher
capability of generating spillovers for the surrounding areas, focusing their resources
on certain points, which ex post would make other parts of the State more dynamic.

The policy action should occur mainly for the improvement of externalities
that would emerge naturally, by speeding them, as for example: formation of specific
infrastructure for each city specialized industry; qualification of this industry
workforce, and technological development, with partnerships between the
companies, government agencies and universities, with the purpose of developing
and/or improving the technology applied to the production line and products, as well
as in the solution of bottlenecks of the companies in each sector.

Regarding diversification externalities, it was only significant for two sectors,
and in both cases, their effects only started due to the size of the city. Therefore,
since the industrial distribution in the State is still heterogeneous, presenting empty
areas as regards industrialization, and since there is still a great number of small
towns, this industrialization strategy might be postponed to prioritize specialized
industrialization.

At the same time, in the long term, considering the diversification of the
productive activity in the region might be a good solution aiming to mitigate possible
vulnerabilities originated in exogenous adverse events, both sudden and gradual.
However, in the short term, productive specialization might create initial conditions
so that other companies from different industries decide to set up in the state of
Parana diversifying its economy.
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