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Resumo: Este trabalho analisa os niveis de aglomeracédo das atividades econdmicas da Regido
Metropolitana do Recife nos anos de 2006 e 2011. E usada uma medida de concentracio
baseada em distancia ainda inédita para o Brasil, possibilitada pelo georreferenciamento de
informacdes. Ao abranger tanto manufaturas quanto servigos em um contexto intraurbano,
expandimos uma literatura que, no Brasil, tem focado em manufaturas e diferencas regionais.
Mostramos que 68% e 71% dos setores sdo concentrados para 2006 e 2011, resultados
compativeis com estudos em outros paises. Dos 20 setores mais aglomerados, 15 e 16 (2006 e
2011) sdo servigos. Atividades relacionadas a computagdo, advocacia, contabilidade,
arquitetura e engenharia tendem a concentracdo. Trés conclusdes gerais foram obtidas: em
ambos os anos, hd mais setores aglomerados do que ndo; ha pouca mudanga no percentual de
setores aglomerados e dispersos ao longo dos anos; a tendéncia de aglomeracdo enfraquece
quando as firmas sdo ponderadas pelo emprego.
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Abstract: The research analyses the agglomeration levels of the economic activities of the
Metropolitan Region of Recife in 2006 and 2011. A distance-based measure unprecedented in
Brazil is used, which was possible by geocoding information. In analyzing industries of both
manufacturing and services in an intra-urban context, the research expands a literature that, in
Brazil, has focused on Manufacturing and regional differences. We show that 68% and 71% of
the sectors are concentrated for 2006 and 2011, results compatible with similar work for other
countries. Of the 20 most concentrated sectors, 15 and 16 (2006 and 2011) are services.
Computing, law, accounting, architecture and engineering industries show concentration
tendency. Three general conclusions: in both years, there are more localized groups than
dispersed ones; there is small difference in terms of share of localized and dispersed industries
between years; tendency towards localization faints when firms are weighted by workforce.

Keywords: Agglomeration, dispersion, spatial statistics, urban.
JEL codes: L60, L80, R12, R30

1. Introduction

Today, there is a consensus among urban economists that the constitution of cities and urban
centers, in general, reflects the realization of advantages associated with the concentration of
people and firms in space (Gleaser, 2008, 2011). These gains would be linked with advantages
for firms (less factories and more workers’ interactions boosts productivity), workers (better
learning and labor market allocation) and consumers, who would have access to more goods
and services under better price conditions (Duranton & Puga, 2004). These advantages are
substantial, since they regularly compensate for disadvantages associated with competition for
private residential space, competition among firms and public space congestion. This consensus
is the result of both theoretical and empirical development of agglomeration economics. From
the former perspective, the New Economic Geography initiated by Krugman’s (1991)
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formalization of some of Marshall’s (1890) ideas generated academic reputation. Recent
empirical approaches confirm the influence of the spatial concentration of activities on the local
labor or total factor productivity (Gleaser and Maré, 2001; Moretti, 2004; Combes et al., 2010;
Ciccone and Hall, 1993; Heuermann et al., 2010, 2011).

Several measures have been proposed to evaluate spatial concentration. Ellison and
Glaeser’s (1997) approach has become well established in the literature. Although their index
is satisfactory in several aspects, it has significant shortcomings: all establishments inside a
spatial unit are treated equally, whether they are in the middle or near the border; the spatial
unit choice is arbitrary, making the index an inadequate tool for comparing different countries
(the MAUP: Modifiable Areal Unit Problem); and it does not require any statistical test to
validate its conclusions. Considering these problems, Duranton and Overmann (2005) proposed
a new metric: the K, a distance-based index with properties that solves the EG limitations. As
recognized by Marcon and Puech (2017), the K, function is now considered one of the leading
functions in spatial economics. It has been used in several applications: Koh and Riedel (2014)
found that 71% of all manufacturing and service industries of Germany are localized; Duranton
and Overmann (2005) themselves reported 52% for manufacturing industries in UK; and Barlet
et al. (2013) estimated that 60% of all manufacturing were concentrated in France.

However, much less is known about the spatial concentration of activities using distance-
based measures when the focus is developing countries. Although several works attest a high
level of concentration in Brazil (Silveira Neto and Azzoni, 2006; Vignardi, Parré and
Guimardes, 2016; Lima and Silveira Neto, 2016), there is effectively no published work using
distance-based measures. Furthermore, there is not much work about agglomeration in urban
areas of the country — the existent studies are based on traditional indexes such as Gini and
Ellison-Glaeser index (Resende and Wyllie, 2005; Vignardi, Parré and Guimaraes, 2016).

Our work attempts to fill these gaps. This research general objective is to use a distance-
based metric for evaluating the concentration levels of economic activities in Brazil by
considering the Metropolitan Region of Recife (the RMR), the fifth biggest Brazilian
metropolitan region. Beyond that, we will describe the industrial distribution and compare the
K, index with the EG index. In addition, we analyze both manufacturing and service industries,
producing a broader analysis than previous literature. By focusing on the RMR and using data
with firms’ location, we obtain information about firm’s location patterns in an urban
environment of a developing country. This is something unexplored in Brazil, a country known
by high density urban areas (Ingram and Carrol, 1981; Fernandez-Maldonado et al., 2014).

The use of a distance-based metric demands disaggregated micro-data. To obtain firms’
exact location, we used the CNPJ (National Registry of Legal Entities) dataset provided by the
Minister of Finance. Associating it with RAIS and PNAD data, we built a comprehensive
database of firms’ information. By means of geocoding techniques, we obtained coordinates
for most firms, which provided us a rich perspective of the intra-urban distribution pattern.

It was estimated that 68% of firms were concentrated in 2006 and 71% in 2011, while
2% showed dispersion for both years. When considering only small firms, however, the level
of concentration decreased along the years (46% in 2006 to 40% in 2011) with 4% of dispersion
in both years. We have obtained evidence that high qualification is a characteristic generally
present in industries prone to cluster formation, while high transportation costs discourage firms
of an industry to locate near each other. We also estimated concentration through the EG index.
Compared to the K,;, EG’s disadvantages were noticeable while the K; performed satisfactorily.
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2. Methods

Our work uses three methodologies. First, we estimate concentration levels using the metric
proposed by Duranton & Overmann (2005) (K,); second, a regression model is estimated to
find which characteristics are correlated with concentrated sectors; finally, we estimate
concentration by a traditional approach (the EG-index) to compare its results with the Kj;.

2.1 The K, index

Duranton and Overmann (2005) described five ideal proprieties for a spatial agglomeration
index: 1) it must be comparable across different industries; 2) the general pattern of firms’
agglomeration is controlled; 3) the industrial concentration is controlled; 4) the empirical results
are not biased in respect to scale and aggregation; and 5) the results’ significance is testable.
The first two requirements are essential to any concentration measure. Traditional metrics, such
as the Gini index, already satisfy them. The third requirement is also satisfied by the EG index,
which assumes a null hypothesis of spatial randomness that accounts for industrial
concentration. However, few metrics can meet the last two properties. Neither Gini nor E-G
indexes can satisfy the fourth propriety, as they require points to be first aggregated in delimited
areas before executing the analysis, which introduces the Modifiable Areal Unit Problem
(MAUP) (MARCON and PUECH, 2009). The issue is twofold. First, how to delimit the areas:
should we use districts, census blocks, or other criteria? Section 5 shows that results are
sensitive to different spatial aggregations. Second, because firms are aggregated into spatial
units, all firms within a region are treated equally — points near each other have no more weight
than points in opposed extremes. Furthermore, estimations are biased for industries that
agglomerate near the limits of areas, but a metric that treats space continuously can avoid these
problems (ARBIA AND ESPA, 1996; LANG et al., 2015), such as the K,. As it is distance-
based, the K, treats each point individually, without aggregating them into spatial units. The
fifth property is important because, if an index assumes a null hypothesis of random
distribution, any evaluation can only be probabilistic (DURANTON AND OVERMAN, 2005).
Hence, a correct assessment of concentration requires a hypothesis test. The K, can test the
significance of its results by generating confidence bands via Monte-Carlo simulations. As the
K, satisfies all five properties, it can be considered an adequate concentration measure.

Recently, new distribution-based agglomeration measures have been proposed. Marcon and
Puech (2009) designed the M function, an extension to Ripley’s functions that respects all five
proprieties. Lang et al. (2015) proposed the m function, a density function of M. Despite these
developments, the K; has been the leading function in economic studies to measure spatial
concentration. As Marcon and Puech (2017) recognize: it respects a maximum of the properties
required for any statistical measure that is aiming to detect spatial structures in Economics;
therefore, we follow D-O’s approach. They use a probability density function K4, which counts
the average number of pairs of points at each distance and transform the values to obtain a
continuous function that is normalized to add up to 1. Then, K, values are compared to the
confidence bands of the null hypothesis. This method consists of four steps:

1. Estimate the kernel density. The first step is to obtain the bilateral distances between
firms. For an industry with n plants, the Euclidian distance is calculated for all pairs of points

resulting in @ bilateral distances. Define 7, ; as the distance between establishments i and
J. Given n points, the K-density estimator for each point i of an industry m at a distance r is:

_ 1 n—1 n r—r;
Ka(r) = n(n — 1)hzj=1 ijl-ﬂf( h j)
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whereas h is the bandwidth of the Gaussian distribution® and f is the Gaussian Kernel-function:

2
1 xXi—xi||—71
R =
in which x; is the reference point and x; is a neighbor. The maximum value of the Kernel
function is reached when the distance between points i and j is equal to r and decreases
according to a Gauss distribution with SD h as the distance deviates from r. There is a variation
of the K; in which firms are pondered by employees or other information, the K™?:
. 1 n-1 n T — ri,j
Reme (r) = SN wlw) f ()
YiYjcivaw(x) wix;) Lmi=1 Lijminn
2. Construct counterfactuals. Counterfactuals are generated by sampling (without
replacement) sites from the population of firms of the industry that is being analyzed. This
controls for the activities overall agglomeration. Given an industry m, each sample is a pseudo-
m industry, for which a kernel-density K, is estimated. For each m, 1000 K, counterfactuals
are generated?. These are null hypothesis simulations which forms the confidence interval.
3. Global confidence bands. Following DO, we consider distances from 0 up to the median
of all bilateral distances of the data®. This extension is divided in 512 equal parts and a K is
measured for each one. Then, for every industry and distance, the iterations are ranked. The

lower bound K (r) and upper bound K (r) will be the values such that no less than 95% of all

randomly generated K, across the whole distance spectrum, lie below or above these bands. If
it is not possible to obtain exact levels, the bands are attained by interpolation.

4. Identify localized and dispersed industries. Once we have our confidence bands, we can
verify if the estimated values for K, indicates concentration, dispersion or randomness. If

Ka, (r) > K, (r) for at least one r, we say the industry is localized. If K, () < K4, (r)

for at least one r and the industry is not localized*, we say the industry is dispersed. For each
industry m, the localization and dispersion indices are defined, respectively, as below:

I, (r) = max (Kdm(r) — Ky, (), 0)

512
Y (1) = {max (f(dm(r) - ’?dm(r)'o) if Z =OFm(r) =0

0 otherwise

Finally, we construct condensed measures by summing all values across the spatial extension:
512 512

Tn= ) T U= ) ()
=0 =0

The higher the index, the higher is the deviation from randomness of the industry’s spatial
distribution. This measure allows us to rank sectors by degree of localization or dispersion.

2.2 The Ellison-Glaeser approach

! The ideal h value is the one which minimizes the mean integrated square error. As the density function is
unknown, the h is estimated. D-O (2005) define h = 0,94n"*/5 and A = min(o, interquantile range/1.34)
following Silverman (1986), who argues that it “will do very well for a wide range of densities”.

2 D-0 (2005) reported testing with 2.000 and 10.000 simulations and obtaining similar results.

% The range is from Okm to 35km in our case.

4 As the values are normalized to sum 1, it is expected that peaks of concentration will be compensated by points
below the lower confidence bound. This, however, does not imply dispersion.
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Although the index proposed by Duranton and Overmann (2005) has excellent properties,
it has not yet been widely disseminated. Most of the works, especially in Brazil, make use of
traditional metrics such as the Ellison-Glaeser (E-G) or Gini index. For the Brazilian case, the
works of Resende and Wyllie (2005), Lautert and Aratjo (2007) and Vignandi, Parré and
Guimardes (2016), for example, use the E-G index for studying the concentration of
manufacturing industries. Unfortunately, this index suffers from the MAUP problem: results
are conditional on geographical divisions, which means that one can obtain different results for
different levels of spatial aggregation (Barlet et al., 2013; Koh and Riedel, 2014). To highlight
this issue, we use the E-G index to measure concentration of activities in the urban area of RMR
and compare it to the K,; index, which is distance-based.

The E-G index is a composition of two metrics of concentration: G, measuring raw
geographic concentration, and Herfindahl index, capturing plant size distribution
(HERFINDAHL, 1950). The combination of both forms an index capable of measuring spatial
concentration while considering industry’s economics of scale. E-G index is defined as follows:

G—(-%;x)H
Yo T A - 3D - H)
in which x; is the share of location i in the overall employment. G and H are defined as:

G = Z(Si — x;)? H= szz
i j

whereas s; is location i’s share of employment within its industry, and z; is firm j’s share of
employment within its industry. The industries are classified into three levels of agglomeration
based on how much the values depart from zero. y;, < 0.02 indicates weakly concentration;
0.02 < yg; < 0.05 indicates intermediate and yg; > 0.05 expresses strong concentration.

2.3 Data

We analyze the Metropolitan Region of Recife, known in Brazil as RMR (Regido
Metropolitana do Recife). We have obtained a database comprising all firms of the RMR since
1901 (the CNPJ), which let us study the agglomeration patterns of the region in detail. Located
in the state of Pernambuco, the RMR is composed by 14 municipalities. With an area of
2,770.452 km?, the RMR is the most important urban agglomerate of Brazilian Northeast
region, the biggest of the North-Northeast regions and the fifth largest of Brazil. According to
2010 census (IBGE, 2012), the RMR has a population of 3.69 million inhabitants and it is the
third most densely populated metropolitan area of the country. Recife, the capital of the state,
is the oldest capital of the country. Since the initial periods of the Portuguese colonization,
Recife gained economic importance because of its soil, weather and privileged geographic
position, becoming a flourishing place for sugar cane production and maritime trade (IPHAN).
The city has the largest GDP per capita of the Northeast region (IBGE, 2014).

Our analysis make use of three data sets. The CNPJ (National Registry of Legal Entities)
database comprises the registry information of all national companies, including addresses. For
the RMR, the data is available from 1901 to 2015. The RAIS/MTE (Annual Report of Social
Information) is an annual report that all active companies must fill out about their employees.
From this dataset, we know number of employees, industry codes and a set of laborers
characteristics. Lastly, the PNAD, a national household survey, informs the level of formality
of the labor markets. By selecting firms both in CNPJ and RAIS datasets and using geocoding
techniques, we have obtained a unique dataset containing firm’s location and employees’
information. We identified the location of 89,5% of the RMR’s workforce in the years of 2006-
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2011. Some firms were not located because they did not provide precise address info, had
incorrect data or did not have a correspondence with the CNPJ database.®

In Brazil, the CNAE (National Classification of Economic Activities) is the official
classification system of industries. We use the original 1995 version; although there have been
revisions, they have not changed it much and, by using this variant, we avoided losing
information when associating data from different datasets (CNPJ, RAIS and PNAD). For
industrial aggregation level, we use ‘groups’ (a three-digit code) which provides an average
aggregation. The CNAE of 1995 contains 218 groups; our final dataset has 85 groups.

Note that constraints were imposed on the dataset. To compare states across time, we
only consider data of 2006 and 2011. To guarantee that the analysis would reflect the reality of
the firms’ location behavior, we only treated industries with at least 50% of the jobs in the
formal market in both years. Finally, we selected industries that had at least 10 firms in both
years of study, in the same way as Billings and Johnson (2016). Nevertheless, for robustness
purposes, we also reported results without this last restriction. The final database has 61.027
observations comprising 44.007 plants® with an average of 25.8 employees per plant in 2006
and 28.8 employees per plant in 2011.

2.4 Introductory cases

We highlight some cases of sectorial agglomeration that illustrates the information
generated by K; measures. The graphics presented next depict the K, value (vertical axis) for
each distance in the horizontal axis. In each graphic, the black line is the estimated value; the
green and blue dashed line is the upper and lower confidence band, respectively; while the red
dashed line is an average of both bands.

Health Care Activities (group 851), for instance, shows persistent concentration: it has the
5™ highest I;,, for 2006 and the 9™ highest for 2011 (Tables 2 and 3). In Figure 1, the estimated
K line stays above the upper bound from 0 to approximately 7km for both years, revealing that
the concentration happens at relatively short distances. Looking at its map (Figure 2), it’s
noticeable that its firms are mostly near the coastal area and in the CBD of the capital, Recife.
A benefit of distance-based measures is the possibility to identify the distance at which the
concentration occurs, i.e., the different kinds of localization regarding geographic scope. In the

2006 ? 2011

Source: Elaborated by the author.
Figure 1 — K, of Health Care Activities

51,047 and 1,449 firms were not located for 2006 and 2011, respectively.
610,288 firms for 2006 only; 16,699 firms for 2011 only; 17,020 firms present in both years.
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industry of Manufacture of Miscellaneous Metal Products (group 289), localization takes place
at long distances: 20km and beyond (Figures 3 and 5). College Education (group 803), however,
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is localized at very short distances: from Okm to 5km (Figures 4 and 6).

2006

Source: Elaborated by the author.

2011

Figure 2 - Location of Health Care Activities
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Source: Elaborated by thé author.
Figure 3 — K; of Manufacture of Miscellaneous Metal Products
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Source: Elaborated by the author.
Figure 4 — K4 of College Education
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Figure 6 — Location of College

Figure 5 — Location of Manufacture of .
Education

Miscellaneous Metal Products

3. Results

3.1 General Results

Regarding the K, estimations, the first notable result is the localization amount: in the
extended sample, in 2006, 57% of the firms were globally localized (Table 1). Although the
scales of analysis are different, this evidence is similar to what was obtained in previous studies.
D-O (2005) obtained a value of 52% for UK’s manufactures, while Nakajima et al. (2012)
obtained 50% for Japanese firms. Note that in 2011 this percentage stayed virtually the same.
When the sample is restricted to groups with at least 10 firms, the share of localization increases
in both years: 68% for 2006, 71% for 2011, suggesting that most groups with few firms are
randomly distributed or dispersed. These numbers resemble those by Barlet et al. (2013)
analyzing the location of France industries (63%), and by Koh and Riedel (2014) for the
location patterns of manufactures in Germany (71%). Results obtained when firms are weighted
by workforce indicates higher share of dispersed and randomly localized firms, and smaller
share of localized ones, suggesting higher level of localization for firms than for employment.

To sum up, three main conclusions can be drawn from these results: 1) in both years,

there are many more localized groups than dispersed ones in the RMR. This confirms the trend
for location of firms in an urban environment; 2) there isn’t much difference in terms of share
of localized and dispersed industries between years; 3) the tendency towards localization over
the years is fainter when workforce weights firms.

Table 1 — Summary statistics for K ; estimations
2006 - Unweighted

Strict Extended

Number Percentage Number Percentage
Localized 58 68% 69 57%
Random 25 29% 49 40%
Dispersed 2 2% 4 3%
Average I',, 0.00081 0.00070

Average ¥,,  0.00053 0.00061
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2011 - Unweighted

Strict Extended
Number Percentage Number Percentage
Localized 60 71% 68 56%
Random 23 27% 48 39%
Dispersed 2 2% 6 5%
Average I',, 0.00079 0.00074
Average ¥,,, 0.00019 0.00012
2006 - Weighted
Strict Extended
Number Percentage Number Percentage
Localized 30 35% 40 33%
Random 46 54% 72 59%
Dispersed 9 11% 10 8%
Average I',, 0.00083 0.00063
Average ¥, 0.00022 0.00023
2011 - Weighted
Strict Extended
Number Percentage Number Percentage
Localized 34 40% 45 37%
Random 39 46% 63 52%
Dispersed 12 14% 14 11%
Average I'y, 0.00088 0.00073
Average ¥,,, 0.00005 0.00005

Source: Elaborated by the author.

In Tables 2 and 3, we list the 20 most localized and dispersed groups (with at least 10
firms) for 2006 and 2011, respectively, together with their I" values and number of firms. From
the 20 most localized groups, 15 in 2006 and 16 in 2011 are related to service industries. This
is consistent with Koh and Riedel (2014), who highlights a notable tendency of service
industries towards localization as 61% of them are concentrated in Germany. Furthermore, our
results for specific sectors are also consonant with the literature. For example, hUallachéin and
Leslie (2006), who studied concentration patterns in urban areas of Phoenix (Arizona, USA),
also found high levels of concentration of computer services, legal services, accounting,
business support services, credit intermediation, architecture and engineering. Interestingly, all
these sectors present a high share of college educated workers and are located near the CBD of
Recife. Notice that some results are similar to those founded by Billings and Johnson (2016)
for the CMSA of Denver-Boulder-Greelev. Although they use a different methodology (they
observe colocalization between industries rather than the concentration of an industry), it is
valuable to look at their results, since the method applied is complementary to ours. In addition,
they also study an urban metropolitan area. Specifically, these authors reported, among other
industries, high colocalization rates for transportation, finance and computer services - all of
which are among the top 20 industries regarding concentration in our results (Table 2 and 3).
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Table 2 — Most localized and dispersed groups — Three-digit -2006

Localized
Group | I, | Group description | QTY

741 0.0029  Legal, Accounting and Business Advisory Activities 695
911 0.0028 Activities of Business, Patronal and Professional 101

' Organizations
912 0.0027 Activities of Union Organizations 175
501 Trade in Retail and Wholesale of Automotive 263

0.0027 .
Vehicles

851 0.0024 Health Care Activities 1106
722 0.0024 Development of Computer Programs 44
602 0.0021 Other Land Transportation 412
655 0.002 Other Credit Grant Activities 88
514 0.0019 Wholesale Trade in Personal and Domestic Uses 530
221 0.0012 Edition; Editing and Printing 108
521 0.0011 Non-Specialized Retail Trade 1431
702 0.0011 Rental of Properties 57
742 0.001 Architectural and Engineering Services and 179

' Specialized Technical Advice
703 0.001 Real Estate Activities on Account of Third Parties 117
263 0.001 Manufacture of Concrete, Cement, Fiber Cement, 77

' Plaster and Stucco Artifacts
704 0.0009 Condominiums 3651
801 0.0009 Pre-School and Fundamental Education 829
701 0.0008 Incorporation and Purchase and Sale of Property 124
652 0.0008 Monetary Intermediation - Demand Deposits 288
264 0.0008 Ceramic Products Manufacture 31

Dispersed
Group | ¥, | Group description | QTY

156 0.0009 Manufacture and Refining of Sugar 21
925 0.0001 Activities of Libraries, Archives, Museums and 10

Other Cultural Activities

Source: RAIS/MTE with estimations by the author.

Table 3 — Most localized and dispersed groups — Three-digit - 2011.

Localized
Group | I, Group description | QTY

721 0.0033 Consultancy In Informatics Systems 64
911 Activities of Business, Patronal and Professional 96

0.003 L

Organizations

912 0.0029 Activities of Union Organizations 197
655 0.0029 Other Credit Grant Activities 72
741 0.0025  Legal, Accounting and Business Advisory Activities 1191
722 0.0023 Development of Computer Programs 130
501 Trade In Retail and Wholesale of Automotive 356

0.0022 .

Vehicles

602 0.0022 Other Land Transportation 666
851 0.0018 Health Care Activities 1376
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621 0.0017 Air Transport, Regular 19

514 0.0017 Wholesale Trade In Personal and Domestic Uses 741
704 0.0014 Condominiums 4045
222 0.0012 Printing and Related Service For Third Parties 252
659 0.0012 Other Activities of Financial Intermediation 42

521 0.001 Non-Specialized Retail Trade 1686
221 0.001 Edition; Editing and Printing 146
652 0.001 Monetary Intermediation - Demand Deposits 286
525 0.0009 Retail Trade of Used Articles, In Shops 38

742 0.0009 Architectural and Engineering Services and 278

Specialized Technical Advice
703 0.0009 Real Estate Activities On Account of Third Parties 194

Dispersed
Group | ¥, | Group description | QTY
156 0.0002 Manufacture and Refining of Sugar 15
504 0.0002 Trade, Maintenance and Repair of Motorcycles, 236

Parts, Spare Parts and Accessories
Source: RAIS/MTE with estimations by the author.

Tables 2 and 3 also show cases of dispersion. The dispersion of Manufacture and
Refining of Sugar sector (group 156) is compatible with previous literature for Brazil (using
the Ellison-Glaeser index), as Lautert and Aradjo (2007) reported low levels of concentration
for traditional non-durable consumer goods industries. In the case of RMR, the dispersion of
this sector is also consistent with the historical pattern of production of sugar cane, present in
most of 14 municipalities. In the same way, the sector of Activities of Libraries, Archives,
Museums and Other Cultural Activities (group 925) is known to be “highly unlikely to show
agglomeration patterns” (Koh and Riedel, 2014). The dispersion of Trade, Maintenance and
Repair of Motorcycles, Parts, Spare Parts and Accessories (group 504) in 2011 is not
unexpected considering the studies of Camargo (2006), who found that auto industry activities
in Brazil went through a deep process of deconcentration from 1996 to 2001. Although the
percentages of localized groups stayed stable over the years, there were some interesting
changes for specific groups. Consulting of Computing Systems (group 721) went from 27t
place in 2006 (not visible in Table 2) list to 1% in 2011 (Table 3). The number of firms almost
doubled: from 35 to 64 five years later. Other group that calls attention is Retail Trade of Used
Articles in Shops (group 525): it came from a random location pattern in 2006 to a localized
pattern in 2011 ranked in 18 place. It is also evident how some groups related to manufacturing
remained dispersed over time, as Manufacturing and refining of sugar (group 156).

3.2 Small firms

As highlighted by Alcéacer and Chung (2014), small plants are more prone to rely on the
external environment than large firms. As in the urban environment small firms represent a
large part of the service sector, we investigate to what extent the results above differ when
considering only small firms. Table 4 report the results for a subsample of small firms’. For
groups (3-digit), there is a decrease in the localization percentage and an increase in the
randomly located percentage of firms both in the restricted and extended sample (considering
the extended sample of small firms). Considering a strict sample, we found that 3-digit

"We define ‘small firm’ those firms below median employment size in their group, following Behrens and
Bougna (2015).



LACRSA

e o o1 (s Lot Anetan a Cabte Rl S A et
C\ ﬁﬁm RSAl® = XV Encrt N s Asocidp A o Estus g it

’

x aton

industries experienced a drop of 11% in the amount of concentration across the years.
Comparing to the full sample of the firms with no restrictions (Table 1), it seems the changes
from 2006 to 2011 where more expressive among small firms: they suffered a decrease of 6%
in concentrated industries, while the whole sample had 1% of decrease.

The locational choice of small plants is not very different from when considering the
whole sample, but there are some exceptions. In the set of small firms, Administration of State
and Economic and Social Policy (group 751) appear among the 20 most localized in both years,
while in the whole sample its distribution is random. On the other hand, Rental of Real Estate
(group 702) appears localized in 2006, but dispersed in 2011. There is a notable trend in the
direction of less localization. According to data from PNAD, the period 2006-2011 is also a
period of strong increasing of commuting time in RMR, which is an important conditioning of
agglomeration of urban activities as stated by Fujita and Thisse (2013). This last evidence
suggests that small firms are more sensible to this increase in the cost of urban mobility.

Table 4 - Summary statistics for K, estimations for small firms
Groups — Three-digit

2006

Strict Extended

Number Percentage Number Percentage
Localized 44 58% 50 46%
Random 29 38% 55 50%
Dispersed 3 4% 4 4%
Average I',, 0.00079 0.00070
Average ¥, 0.00010 0.00008

2011

Strict Extended

Number Percentage Number Percentage
Localized 36 47% 45 40%
Random 38 49% 64 57%
Dispersed 3 4% 4 4%
Average I',, 0.00092 0.00082
Average ¥, 0.00020 0.00015

Source: Elaborated by the author.

3.3 Characterizing the urban location — Regression Model

If firms tend to agglomerate, there must also be economic forces strong enough to overcome
the shortcomings. These forces have already been studied in literature (JACOBS, 1969;
PORTER, 1990; GLAESER, 1992; and others). Thus, based on Koh and Riedel (2014), we
propose a model to explore how industry aspects correlate with spatial concentration. The first
variable is an average age group identifier, which is a proxy for the maturity of the industry.
Older firms, may have different incentives to agglomerate than present-day more modern firms.
The second variable is the percentage of workers in the industry with at least a university
degree, which measures the qualification of the workforce. According to Kolko (2010),
education may be related to concentration as workers and firms benefit from market labor
pooling and technological spillovers. Another variable is included for the percentage of workers
in an industry who are engaged in manual activities. This should capture industries with high
transportation costs, which is a decisive factor for the location choice of a firm. The last variable
is the fraction of workers involved with research and development in each industry, considering
that industries related to R&D activities are more prone to agglomerate in space (JAFFE et al.,
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1993; AUDRETSCH and FELDMAN, 1996). Far from guarantee causality, the idea is to obtain
suggestive evidences. The following ordinary least squares (OLS) regression is estimated:

Iy = ay, + p1Year, + f,Age,, + B;Qualif,, + ByManual,, + BsR&D,, + &,

Year,, is a year dummy; Age,, is the average age group identifier; Qualif,, is the
percentage of workers with at least a university degree; Manual,, is the share of workers
engaged in manual functions, and R&D,,, is the percentage of workers involved with research
and development. The workers’ data were averaged and percentages were calculated at the
industry level. For the three regressors presented as percentage value (Qualif,,,, Manual,, and
R&D,,) and Age,,, the logarithm of the variables is used. As some observations with zero value
are lost in the logarithmization, a near-zero value is attributed (10~7) in these cases.

Results are presented in Table 5. In models 1-4, the characteristics variables are regressed
separately against I;,,. The values of the coefficients suggest that concentration is positively
correlated with qualified work. Highly skilled workers tend to agglomerate because they benefit
more from technological spillovers; firms follow workers to benefit from the labor market
pooling as this reduces costs of hiring (ROSENTHAL and STRANGE, 2001; HOLMES and
STEVENS, 2002; KOLKO, 2010). On the other hand, the estimations show that industries
associated with manual tasks are less prone to form clusters. This can be explained by the fact
that manual tasks are generally related to high transportation costs, which drive firms to locate
either near their input resources or their market. The gains from reducing transportation costs
generally outweigh the benefits of agglomeration. When the complete model is estimated, the
manual tasks variable cease to be significant but the effect of qualified workers remains
significant and strong. The qualification coefficient becomes even greater when only service
industries are considered, which supports our previous results in which service-related sectors
display the highest concentration levels (Tables 2 and 3). For 2011 firms only (containing both
Manufacturing and Services), the coefficient rises even more, indicating a generalized increase
in concentration levels across the years. Despite being a simple model, the results suggest that
agglomeration indeed can be explained by the economics of learning (DURANTON AND
PUGA, 2004).

3.4The EllisorGlaeser approach

The EG index was calculated for all 85 groups (3-digit sectors) for both years, first using
the 14 municipalities as spatial units. The yz;values were averaged so that we can assess the
general concentration for each year. Figure 7 shows the distributions of the EG index for the
set of industries. Notice that the distributions are skewed. In both years, there is a gap in higher
levels with no industries and then a few sectors appear with very high values (around value 4).
The mean value of yz, was 0.162 in 2006 and 0.283 in 2011; both are classified as ‘strong
concentration’, but the year of 2011 has more strongly concentrated sectors in general.

For 2006 and 2011, respectively, 68% and 69% of the industries appear as concentrated
when the EG methodology is applied. In the range of very concentrated sectors (yg;>0.05),
2011 had slightly more concentration than 2006: 44% against 40%. In contrast, estimations of
the Kemp8 (‘weighted’ values in Table 1) show concentration levels varying from 33% to 40%,
which confirms that “the EG approach is less rigorous in identifying agglomeration patterns (as
it is not based on a statistical test for deviations from randomness)”, as Koh and Riedel (2014)
pointed out.

8As the E-G weights firms by number of employees, it is only comparable to the K,,,,,, (which permits
weighting) and not with the K.
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Table 5 - Regression of industry characteristics on agglomeration intensity

Dependent variable: DO localization index I',

== 0 1 ot Mool i Assocn A st g i

Model 1 Model 2 Model 3 Model 4 Complete Model Services only 2011 only
b/se b/se b/se b/se b/se b/se b/se
Average age -0.0001678 -0.0003123 -0.0005578 0.0002766
(0.00) (0.00) (0.00) (0.00)

High qualification 0.0001741x%x 0.0001959%%% 0.0002276%%% 0.0002631x%%*
(0.00) (0.00) (0.00) (0.00)
Manual tasks -0.0000910%% -0.0000006 0.0000898 0.0000125
(0.00) (0.00) (0.00) (0.00)
Engineers and -0.0000413 -0.0000712 -0.0000614 -0.0000869
scientists (R&D) (0.00) (0.00) (0.00) (0.00)
constant 0.0008207 0.0002026x% 0.0008083%x%* 0.0005061x%x 0.0005752 0.0008077 -0.0005843
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Observations 170 170 170 170 170 108 85
R-sqr 0.000 0.064 0.027 0.007 0.083 0.066 0.127

* p<0.10, **x p<0.05, **x p<0.01

Note: The dummy variable for year is hidden.

Source: Elaborated by the author
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Source: Elaborated by the author.
Figure 7 — Distribution of the EG index

Following Alecke et al. (2006) and Koh and Riedel (2014), we calculate the index for
three different spatial aggregation levels to observe how it is affected when spatial unit varies.
Besides municipalities, we ran the analysis for subdistricts (37 units) and microregions (3 units).
Table 6 shows the Herfindahl index (H), the mean raw concentration (G), the mean yg. for
each year and the share of industries that lie in different classification intervals. The results
confirmed that the index is sensitive to the spatial unit choice. The mean value of yg, is positive
for 79% and 84% of the industries (2006 and 2011, respectively) when we consider subdistricts.
On the other hand, when a more aggregated spatial unit is chosen (microregions), the
concentration drops to 39% and 51%. For both years, the percentage of strongly concentrated
industries also drops when the aggregation level increases. This unusual pattern probably is
associated with firms’ dimension and the intangible nature of their outcome. In an intra-urban
region, firms are generally small and a lot of them are service-related. When these concentrate,
their clusters tend to occur inside small spatial units. Thus, as you move to more disaggregated
units, the comparison changes to a few small areas with very high concentration and many small
areas with weak or zero concentration. Consequently, the yz, will be likely higher towards
smaller geographic units. The index sensitivity to geographic units (the MAUP problem) makes
the EG methodology inadequate for concentration analysis. Therefore, the DO method is
preferable, as its distance-based approach does not suffer from spatial unit arbitrariness.

Table 6 - Summary statistics for EG estimations

H G EG

2006 2011 2006 2011 2006 2011
Subdistricts 0,133 0,128 0,171 0,19 0,08 0,111
Municipalities 0,133 0,128 0,127 0,171 0,162 0,283
Microregions 0,133 0,128 0,047 0,088 0,352 0,743

EG>0 0<EG<0,05 EG>0,05

2006 2011 2006 2011 2006 2011
Subdistricts 79% 84% 25% 26% 54% 58%
Municipalities 68% 69% 28% 26% 40% 44%
Microregions  39% 51% 24% 25% 15% 26%
Source: Elaborated by the author.
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4. Discussion

We discuss the reported agglomerated industries of 2011 observing the economic urban
theory. Table 7 shows services and retail among the most concentrated, and manufacturing
industries much less concentrated in the urban space. General explanations are hardly possible
due to information scarcity, but we notice that the results are consistent with the literature.

First note that, among the most concentrated industries, ten of them are service
industries (marked in green), six of which are the most concentrated industries of 2011.
Included in this group are informatics systems, development of computer programs, business
advisory and support, credit grant, legal, and accounting — industries that Billings and Johnson
(2016) also found to be agglomerated in Denver-Boulder-Greeley metropolitan area. According
to RAIS data, these are activities with a highly-qualified workforce — 34% of the workers of
this group have at least a college degree, which is more than one standard deviation above the
value for the whole workforce of 2011 (15%). Thus, the higher level of concentration of these
services is consistent with benefits of technological spillovers and labor market pooling
(ROSENTHAL and STRANGE, 2001; HOLMES and STEVENS, 2002; KOLKO, 2010).

Second, we also perceive a second distinct group of concentrated industries that
correspond to retail industries of differentiated goods (group codes 521, 525, 524). Although
only four 3-digit industries were highlighted, these comprehend a wide range of sub-activities.
Retail trade of other products in specialized shops (group 524), for example, contains
pharmacy, perfumery and cosmetics, home and personal use devices, informatics, musical
instruments, construction material, books and magazines, and others.

The higher level of concentration of these activities are consistent with economic
arguments suggested for the location of activities in urban areas. Firstly, the products of these
groups are similar to each other, but not exactly equal; thus, they can maintain some market
power by differentiating product characteristics, quality and servicing arrangements (Hotelling,
1929). Furthermore, as suggested by Konishi (2005), if consumers have taste uncertainty
regarding differentiated goods, the concentration of shops tends to increase their probability of
finding a product they desire®. In addition, customers desiring to compare non-price factors
increase their expected utility by comparing quality, delivery dates and servicing arrangements
before making a purchase (Eaton and Lipsey, 1979). Finally, when people have imperfect
information regarding prices, concentration of stores attracts consumers as it signals lower
prices due to competition and reduce research costs (Holmes and Stevens, 2002; Clark, 2002).

These stores know that by concentrating they will lose sales to competitors, but the fact
that they still choose to locate near each other suggests that the increase of market size effect
can be bigger than the price cutting effect (Konishi, 2005). When a product is hard to
differentiate, placing a store near a competitor results in both stores losing market and engaging
in price competition. More specifically, and consistently with the argument, our results show
that the spatial distribution of Retail trade in fuels (code group 505), a homogenous product, is
no different from random. On the other hand, big pharmacy chains (included in the concentrated
group 524) try to differentiate themselves from established competitors by offering a mix of
medicines, dermatological products and cosmetics (Jornal do Commercio, 2016).

Third, a few manufacturing industries also show concentration: Forging, stamping,
powder metallurgy and metal treatment services (group 283) and Manufacture of miscellaneous
chemical products and preparations (group 249). These sectors show an average peak of
agglomeration at 30km, while the average peak of agglomeration in general happens at 11km.
This is possibly explained by the fact that factories usually take great space, much more than

% Fashion apparel and perfumery appear to be notable examples of this argument.
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service industries and stores. Space is expensive in urban centers, so even if an industry has
incentives to located near others, the large space requirement act as a constrain. Therefore, these
firms will tend to agglomerate at larger distances, locating in places less close to the centers.
The results show that, even though locating near a competitor may bring disadvantages,
firms will still concentrate if the benefits of proximity surpass its costs.

Table 7 — Most localized groups — Three-digit -2011

Localized

Group |
721
911
912
655
741
722
501
602
851
621
514
704
222
659
521
221
652
525

742

703
751
723
930
801
702
701
158

516

283
251
247

281
252

I,
0.00332
0.00300
0.00291
0.00288
0.00250
0.00225
0.00225
0.00219
0.00181
0.00174
0.00165
0.00139
0.00121
0.00115
0.00104
0.00102
0.00098
0.00095

0.00093

0.00089
0.00088
0.00086
0.00081
0.00066
0.00065
0.00061
0.00054

0.00053

0.00048
0.00048
0.00048

0.00044
0.00043

Group description
Consultancy in Informatics Systems
Activities of Business, Patronal and Professional Organizations
Activities of Union Organizations
Other Credit Grant Activities
Legal, Accounting and Business Advisory Activities
Development of Computer Programs
Trade in Retail and Wholesale of Automotive Vehicles
Other Land Transportation
Health Care Activities
Air Transport, Regular
Wholesale Trade in Personal and Domestic Uses
Condominiums
Printing and Related Service for Third Parties
Other Activities of Financial Intermediation
Non-Specialized Retail Trade
Edition; Editing and Printing
Monetary Intermediation - Demand Deposits
Retail Trade of Used Articles, In Shops
Architectural and Engineering Services and Specialized Technical
Advice
Real Estate Activities on Account of Third Parties
Administration of The State and Economic and Social Policy
Data Processing
Personal Services
Pre-School and Fundamental Education
Rental of Properties
Incorporation and Purchase and Sale of Property
Manufacture of Other Food Products
Wholesale Trade of Machinery, Apparatus and Equipment for
Agricultural, Commercial, Desktop, Industrial, Technical and
Professional Use
Forging, Stamping, Powder Metallurgy and Metal Treatment
Services
Manufacture of Rubber Articles
Manufacture of Soap, Detergents, Cleaning Products and
Perfumery Items
Manufacture of Metallic Structures and Works of Heavy Boiler
Manufacture of Plastic Products

[QTY
64
96
197
12

1191
130
356
666

1376

19
741

4045

252
42

1686
146
286

38

278

194
131
94
884
917
65
212
779

263

50
30
73

135
169
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Manufacture of Miscellaneous Chemical Products and
249 0.00041 Preparations 28
803 0.00040 College Education 62
712  0.00038 Rental of Other Means of Transportation 28
172 0.00032 Wiring 19
296 0.00032 Manufacture of Other Machines and Equipment of Specific Use 38
634 0.00029 Activities Related to The Organization of Cargo Transport 65
263 0.00022 Manufacture of Concrete, Cement, Plaster and Stucco Artifacts 100
642 0.00021 Telecommunications 112
Retail and Wholesale Trade in Spare Parts and Accessories For
503 0.00019 Automotive Vehicles 1112
551 0.00019 Hotel Establishments and Other_Types of Temporary 434
Accommodation
524  0.00017 Retail Trade of Other Products in Specialized Shops 8774
505 0 Retail Trade in Fuels 412

Green: agglomerated service industries. Orange: agglomerated manufacturing industries. Blue: retail industries.
Source: Elaborated by the author.

5. Conclusions
This paper analyses the agglomeration levels of the economic activities of the RMR in 2006
and 2011 and it provides two important contributions. First, it applies a distance-based metric
for studying the location of firms in an important developing country, Brazil. Second, it
examines the location pattern for both manufacturing and services industries in an intra-urban
context. We find that, of the 20 most agglomerated sectors, 15 and 16 (2006 and 2011,
respectively) are services. Endorsing previous research, we find that computing, law,
accounting, architecture and engineering industries show a tendency towards localization. We
highlight 3 main evidences: 1) in both years, there are more localized groups than dispersed
ones; 2) there is not much difference in terms of share of localized and dispersed industries
between years; 3) the tendency towards localization over the years is fainter when firms are
weighted by workforce. Also, when evaluating small firms, a trend towards less localization is
observed. This could be related to an increasing of commuting time in RMR in this period, an
important factor against urban agglomeration. We also investigated the conditioning factors for
concentration. High qualification is a significant explanatory factor across all models, entailing
that highly skilled workers benefit more from technological spillovers than other groups.
Besides the D-O methodology, the E-G index was calculated for comparison. We found
that the E-G is less rigorous in evaluating concentration, overestimating it. Moreover, as it
suffers from the MAUP, the results are conditional on the choice of the spatial unit, which
makes the E-G an inferior metric. As the K is distance-based and can be tested statistically, it
does not require spatial aggregation and provide more accurate results.
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