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ABSTRACT

Purpose of the research. This paper studies the effect of spatial agglomeration on firms’ total factor produc-
tivity in Kazakhstan using panel data from 2009 to 2017.

Methodology. We employ a two-stage estimation strategy and control for endogeneity biases by making use
of the GMM approach. The firm-level data is obtained from the Bureau of National Statistics of the Agency for
Strategic Planning and Reforms of the Republic of Kazakhstan.

Originality / value of the research. This study contributes to an empirical study of spatial concentration and
firm-level productivity in developing countries and provides valuable insights for policymakers to consider
before implementing government programs.

Findings. The results suggest that productivity increases with clustering: a 10 % increase in the number of
employees of the neighboring firms inside the same industry increases firm-level productivity by 1.36 %, while
a 10 % increase in employment in other industries enhances firm performance by 1.95 %. The productivity
gains are higher at the 2-digit regional level rather than at the 9-digit sub-regional level of geographical ag-
gregation, implying that the denser geography increases firms’ performance.
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INTRODUCTION

The spatial concentration of firms and people is one of the topics of current interest for many researchers
in different countries. A denser concentration of economic activity contributes to increased firms’ productiv-
ity through a number of positive externalities, such as knowledge spillovers, labor pooling, and sharing input
markets in agglomerated economies.

The literature has widely emphasized that knowledge spillovers positively affect firms’ performance [1; 2;
3]. Industrial clusters promote an exchange of ideas, a transmission of technologies, the diffusion of knowledge
through social networks, face-to-face communications between economic agents, and the formation of pools of
specialized workers. Moreover, cities facilitate the creation of innovations that are clustered spatially in indus-
tries where new knowledge is extensively important [2]. Marshall highlighted that labor market pooling can
greatly enhance industry benefits from the localized and constant market of skills [4]. It creates a platform for
better matching between workers and employers, as well as, increases the probability of suitable matches due
to cluster-specific skills deserved by firms [5]. The advantage of sharing facilities and inputs market externali-
ties lies in the concept of economies of scale: The larger population uses the same facilities and infrastructure
for a lesser cost per person. A high concentration of producers motivates suppliers to locate nearby, thereby
increasing specialized services for firms and reducing the burden on the infrastructure budget. Nowadays,
many countries are actively pursuing policies to increase the concentration of industries and the density of the
population. However, congestion and surge in real estate prices are negative externalities of agglomeration,
which can adversely affect firms’ performance and increase transportation costs. Therefore, it would be useful
for policy analyses to understand what are the economic benefits of agglomeration and whether government
intervention should be done in favor of industrial or spatial clusters. According to the literature, agglomeration
is characterized by two concepts — localization and urbanization. Localization refers to the territorial concen-
tration of firms of one industry at certain geographical points, the so-called industrial clusters of economic
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activity. Urbanization represents an increase in the density of the population in cities. This work is devoted to
the study of the benefits of agglomeration in Kazakhstan, in particular, the effect of localization and urbaniza-
tion economies on firm-level total factor productivity (TFP).

The analysis is conducted using firm-level data for Kazakhstan covering the 2009 to 2017 period. Our data
allows us to control for the endogeneity issues by adopting a two-step estimation approach. First, we estimate
firm-level TFP using the GMM method proposed by Wooldridge that resolves simultaneity and selection
biases when estimating the Cobb-Douglas production function [6]. In the second stage, the firm-level produc-
tivity is regressed on agglomeration economies through a GMM specification. The agglomeration economies
are decomposed into intra-industry (localization), inter-industry (urbanization) economies, and competition
inside the industry. In this paper, we find that localization and urbanization economies positively affect TFP:
our benchmark results after controlling for industrial heterogeneity show that a 10 % increase in the number
of employees of the neighboring firms inside the same industry increases firm-level productivity by 1.36 %,
while a 10 % increase in the employment in other industries enhance firm performance by 1.95 %. Competition
is observed to have a negative impact on TFP by lowering productivity by 0.46 % as a response to the 10 %
increase in sectoral employment.

We also explore whether more intense agglomeration is always or not beneficial by employing a nonlinear
specification. As cities grow, negative externalities may dominate the positive externalities of clusterization
at a certain level of agglomeration. The results show that firms start receiving productivity gains from local-
ization if they choose to locate in a territory with more than 2 860 employees inside their industry. However,
the TFP gains decrease if firms choose to locate nearby territory with more than 363 000 workers in the same
industry.

The paper is organized as follows. Section 2 presents an overview of the literature, details the empirical
strategy, discusses the methodology, and proceeds to the data description. Section 3 presents the results and
Section 4 concludes.

MAIN PART

Literature review. The growing firm-level empirical studies on the relationship between TFP and ag-
glomeration economies are mixed. Using Sweden data, Andersson and L"o"of find that manufacturing firms
operating in larger regions are more productive when taking into account ownership structure, participation in
international trade, and industry variations [7]. A similar positive relationship between population density and
TFP growth in regions is reported by Combes et al. and Harris and Moffat for the French and British firms [8;
9]. Lopez and Su"dekum, Martin et al., and Hashiguchi and Tanaka find positive effects of intra-industry side
effects but hardly see cross-industry externalities reported in previous papers [10; 11; 12]. This is consistent
with Cainelli and Ganau findings of localization economies [13]. They also report that there is a positive ef-
fect of localization economies on productivity growth for Italian firms, which increases with the distance after
controlling for the characteristics of neighboring firms, and a negative effect of cross-sectoral externalities.
However, in the case of Italian manufacturing firms, DiGiacinto et al. show evidence of productivity gains for
firms located in both urban and industrial areas, confirming the beneficial effects of both urban and location
economies on TFP [14].

Most of the studies use a two-stage estimation procedure and apply the Cobb-Douglas specification at the
first stage [11; 8; 14; 9; 13]. The paper of Martin et al., which analyzes the effect of localization and urbaniza-
tion economies, as well as industry diversity and intensity of competition on the TFP of French manufacturing
firms, uses the control functions method proposed by Levinsohn and Petrin for the estimation of the Cobb-
Douglas production function [11; 15]. This approach does not solve the endogeneity issue, therefore, as in
Cainelli and Ganau, we apply a method proposed by Wooldridge to overcome the arising simultaneity issue
[13;6].

Martin et al. and Carreira and Lopes go a step further and employ a non-linear specification to test the effects
of localization economies [11; 3]. The rationale behind this test is in agglomeration diseconomies such as conges-
tion effects that may negatively affect TFP at a certain level of agglomeration, besides the positive externalities.
Martin et al. find that there is a bell-shaped relationship with negative effects on TFP for small values of localiza-
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tion [11]. While contradicting the congestion theory, Cainelli et al. report positive effects of specialization and
diversity above a certain threshold [16]. Based on these findings, we also analyze whether agglomeration econo-
mies are significant above a certain value of industrial concentration and whether the congestion effects dominate
positive externalities above a certain threshold for the number of people employees in the industry.

Empirical methodology. Agglomeration is assumed to improve the total factor productivity (TFP) of firms
through different channels such as localization and urbanization economies. The empirical analysis is based on
the estimation of the Cobb-Douglas production function using firm-level data:

Yy = AukZLE, (1)

where subscripts i and ¢ denote firm and year respectively;

Yit — output for firm 7 at time ¢,

Kit — the capital stock (measured by fixed assets) for firm i at time ¢;

Lit — labor (measured by hours worked) for firm i at time ¢

Ait— TFP for firm 7 at time ¢, which is assumed to depend on firm-level component Uit for firm 7 at time ¢,
and local milieu in terms of localization and urbanization economies:

A = (Locs))’ (URBSY) (compiH Uy, )

where LO Cistl — localization economies for firm i, in sector s, location /, at time #;

U RBl-Stl — urbanization economies for firm Z, in sector s, location /, at time #;

cCoOM Pf‘tl — competition for firm 7, in sector s, location /, at time ¢.

The agglomeration variables (localization and urbanization economies) and competition are constructed us-
ing the number of employees at different sectors and locations as in Martin et al. [11]. Localization economies
are aimed at dealing with the externalities among the same industries. It is measured as the share of other work-
ers working in the same industry within the same location. Specifically, we calculate the number of workers
for firm 7 in sector s, location /, and year ¢:

LOCiStl = workers§! — WOT‘k@T‘Sistl +1 3)

where workerss' — number of workers in sector s, location /, and year f;

workersistl —number of workers for firm 7 in sector s, location /, and year ¢.
Urbanization economies capture the externality of cross-fertilization of different industries in the same lo-
cation and are measured as the number of workers of other sectors where firm i operates:

URB;! = workersst — workers;s! + 1 “)

COMP! is introduced as an additional variable to control for the local competition among firms and indus-
tries. This variable aims to test whether more intense competition enhances the productivity of the firms within
the sectoral and geographical clusters. We use the inverse of the Herfindahl index of employment concentra-
tion to measure competition that a firm face inside sector s on a given location / at time ¢:

sl _ 1
T sl workers% 2 6)
erfe” = ZjEStSl workers;!

where Herf;? L _ the Herfindahl index of employment concentration in sector s and location /, at time ¢.
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Estimation issues and strategy. Unobserved heterogeneity and simultaneity bias are the main
challenges in assessing agglomeration economies. The unobserved heterogeneity such as transporta-
tion infrastructure, climate, proximity to natural resources, or governmental services can increase pro-
ductivity and therefore correlates with localization and urbanization variables. Whereas the simulta-
neity bias arises when an economic shock in a specific area or industry affects the performance of other
firms. To deal with these endogeneity issues, we implement the two-step estimation approach sug-
gested by Combes and Gobillon [17]. First, we estimate the production function and save the residu-
als as TFP. Then, the firm-level TFP is regressed against the agglomeration variables and competition
[11; 16; 3].

In the first stage, we estimate the Cobb-Douglas production function. Several methodologies have been
designed specifically to address the problem of simultaneity and selection bias in estimating capital and labor
shares via regression analysis. The simultaneity arises due to the correlation between inputs (capital and la-
bor) with unobservable productivity shocks. Firms choose inputs knowing the level of productivity, and this
introduces a bias in OLS parameter estimates. There are numerous approaches to addressing this issue: instru-
mental variable (IV), fixed-effects approach [18; 15], control functions, and generalized methods of moments
(GMM) [18; 15]. Input prices are candidates for the role of instruments in IV estimation. However, finding
an appropriate instrument for capital is the main problem of this method. Regarding the fixed-effects model,
which controls for unobservable heterogeneity across firms, it requires the productivity shock to be fixed over
time, and a strict endogeneity of inputs conditional on firms’ heterogeneity, which does not hold in theory
[19]. The control functions method is a semiparametric method introduced by Olley and Pakes, Levinsohn and
Petrin where investments (intermediate inputs) are introduced through a semiparametric function to control
for unobservable productivity shocks [18; 15]. They develop a two-step estimation procedure to resolve the
pathologies of simultaneity and selection bias present in OLS. However, Wooldridge proposed a new estima-
tion technique using a GMM framework to modify the control functions method [6]. His approach has several
advantages over the two-step approach. First, it addresses an identification problem highlighted by Ackerberg
et al. who finds that the assumptions of the previous approach hold if there is some variation in the data. If not,
labor and the non-parametric term suffer from collinearity, because firms choose the variable input at some
point in time depending on their capital and productivity [20]. Second, it accounts for heteroskedasticity and
serial correlation by obtaining robust standard errors. The model equations and descriptions are given below.
We specify the Cobb-Douglas production function of the equation (1) in logarithmic form for estimating the
model parameters:

Yie = o + liga + kB + cied + € (7)
G
Yie = Mo + lipa + ki f + Ul(ci,t—ll) + -+ 0g (Ci,t—1/1) + € (8)
where y, is logarithm of output for firm i at time #;
[, —logarithm of labor for firm i at time
k., — logarithm of capital for firm i at time #;
m,, — logarithm of intermediate inputs for firm i at time £
e, and €, are error terms for firm i at time ¢
h(k,, m.) is a function of ¢, A = c(k,, m )\ containing polynomials of order three or less:
h(ki, my) = A9 + c(kye, my) A )

After obtaining the production function elasticity coefficients, we compute TFP as residuals:
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Ajt = Yir — @ — ;@ — Lt.B Clt (10)

where @i estimated TFP for firm i at time t.
In the second stage, TFP is regressed on localization, urbanization and competition as it was indicated in
equation (2). The log-linear form of the equation (2) is follows:

;e = oloci! + yurb$! + pcomp$! + u;, (11)

where loclstl logarithm of localization economies for firm i, in sector s, location 1, at time t;
urb;} logarlthm of urbanization economies for firm i, in sector s, location 1, at time t;
Complt — logarithm of competition for firm i, in sector s, location 1, at time t;

Uit — error term.

Considering that firms do not change location or industry, the fixed-effects approach can be used
to take into account firm-level environmental unobserved characteristics. However, at the same
time, the agglomeration may also affect these regional characteristics. Therefore, to mitigate prob-
lems due to simultaneity and endogeneity, we employ the system of GMM approach with one-year
lagged values for all control variables. Finally, to control for possible intertemporal correlation across
firms in each industry, each location and each year, we employ robust standard errors clustered by
location- industry-year.

Data. The data (1-PF and 1-T forms) (/-PF and 1-T are annual statistical forms named as “Report on
financial and economic activities of the enterprise” and “Report on labor, correspondingly) are obtained
from the Bureau of National Statistics of the Agency for Strategic Planning and Reforms of the Republic of
Kazakhstan for all medium and large firms except educational and medical organizations, banks, public as-
sociations, and insurance companies [21]. These datasets are collected annually from firms with more than 50
employees from 2009 to 2014 and from firms with more than 100 employees since 2015 after changing the
data collection methodology. We limit the entire sample to firms with more than 100 employees from 2009 to
2017. The data covers variables such as location, industries, and various financial indicators. The panel dataset
of firms is unbalanced. It consists of about 5873 unique firms observed between 2009 and 2017, for a total of
29 490 observations.

Table 1 shows the location and industrial composition of the data. The geographical composition of the
data is presented by a detailed 9-digit classification; in panel A, we use the first 2 digits to identify the main
14 oblasts and 2 republican-level cities, Almaty and Astana. It demonstrates that the largest concentration
of firms is located in Almaty (20 %), then about 8.4 % in Astana and 7.8 % in East Kazakhstan region. The
industrial variation in our data is provided via a 5-digit classification; we also use the first 2 digits and dis-
tinguish 17 sectors. Manufacturing (19.5 %), Construction (14.6 %), Agriculture (11.7 %), and Retail and
Wholesale trade (10.5 %) are the main sectors, which account for more than half of observations. Specifically,
Table 2 demonstrates within industry-time variation of firms in the dataset. On average, 3277 medium and
big firms operate each year, in core industries: on average around 384 in agriculture, 134 in mining, 31 - oil
and gas, 637 — manufacturing, 478 — construction, etc. Along with the balance sheet data (output, capital,
wage fund, investments, etc.), detailed information about the location, industry, and size of the firm is also
provided.

Summary statistics of the variables are provided in Table 3. There is a high variability of most variables due
to the large values of standard deviations. The average number of workers is about 339.59 in our data, where
the maximum number of workers reaches 40 864 employees. According to the dataset, there are 326 missing
values of capital in the whole panel.
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Table 1 — Data structure

Panel A: Location composition Panel B: Sector composition
Regions Freq. Percent. | Sector Freq. Percent.
Aktobe region 1332 4.5 Accommodation 759 2.6
and Food Services
Almaty region 1649 5.6 Administration and 1784 6.0
Support Services
Atyrau region 1450 4.9 Art Entertainment 1266 43
and Recreation
East Kazakhstan region 2311 7.8 Construction 4305 14.6
Kyzylorda region 1025 3.5 Finance and Insurance 107 0.4
Mangystau region 1316 4.5 Information and 653 2.2
Communication
North Kazakhstan region 1529 5.2 Other Services 111 0.4
Pavlodar region 1289 4.4 Professional Sci. 1930 6.5
and Tech. Services
South Kazakhstan region 1900 6.4 Real Estate 592 2.0
West Kazakhstan region 1138 3.9 Transportation and 2007 6.8
Warehouse
Akmola region 1607 5.4 Agriculture 3455 11.7
Almaty city 5704 19.3 Automobile 138 0.5
Astana city 2480 8.4 Manufacturing 5736 19.5
Karagandy region 2176 7.4 Mining 1206 4.1
Kostanay region 1905 6.5 Oil and Gas 277 0.9
Zhambyl region 679 2.3 Utilities 2070 7.0
Retail and Wholesale Trade 3094 6.81
Total 29490 100 Total 29 490 100
Note — compiled by the author based on 1-PF and 1-T firm-level data from [11]
Table 2 — Data structure within industry-time variation
Init;sat:y\ 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | Average | Total
Agriculture 460 | 446 | 424 | 405 | 374 | 363 | 335 | 326 | 322 384 3455
Mining 121 130 130 | 142 145 147 133 129 129 134 1206
Oil and Gas 28 26 27 29 32 33 28 37 37 31 277
Manufacturing 599 627 | 649 | 658 | 660 | 669 | 637 | 623 614 637 5736
Utilities 216 | 228 | 227 | 239 | 235 | 239 | 225 | 232 229 230 2070
Construction 464 | 499 | 507 | 542 | 528 | 524 | 437 | 417 | 387 478 4305
Automobile 11 11 12 16 18 21 20 14 15 15 138
Retail and Wholesale Trade 278 300 309 | 356 377 383 369 358 364 344 3094
Transportation and Warehouse 216 | 220 | 227 | 229 | 235 | 234 | 214 | 221 | 211 | 223 | 2007
Accommodation and Food Services 67 75 79 80 38 99 87 92 92 84 759
Information and Communication 61 64 67 73 78 83 81 74 72 73 653
Finance and Insurance 11 15 13 13 12 10 12 10 11 12 107
Real Estate 68 67 73 70 71 70 59 61 53 66 592
Professional Sci.and Tech. Services 191 | 194 | 234 | 209 | 218 | 246 | 212 | 209 | 217 214 1930
Administration and Support Services | 133 | 154 | 179 | 200 | 225 | 241 | 227 | 215 | 210 198 1784
Art Entertainment and Recreation 55 65 | 132 | 157 | 167 | 171 | 169 | 181 | 169 141 1266
Other Services 5 5 6 9 11 17 18 16 24 12 111
Total 2084 | 3126 | 3295|3427 | 3474 | 3550 | 3263 | 3215 | 3156 | 3277 [ 29490
Note — compiled by the author based on 1-PF and 1-T firm-level data from [11]
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According to the localization economies, the average number of workers that operate in the same sector and
area is about 13 114 employees, and the average number of firms is about 40. The minimum value of localiza-
tion variables also shows that there are several firms: the only delegates of their sector in their location. As for
urbanization variables, the average value of workers in the same location is 7 times higher than in localization
economies variables with an average of about 280 firms.

Table 3 — Summary statistics

Variable Mean Std. Dev. Min. Max. N
Output 3661.88 27262.30 0.64 2053803.64 29490
Capital 3418.46 29228.55 0 1723772.28 29164
Employment 339.59 820.74 100 40864 29490

# of workers, same sector and location 13114.71 12435.09 100 61765 29490

# of workers, same location 91014.29 52802.09 16701 209883 29490

# of firms, same sector and location 40.07 34.12 1 156 29490

# of firms, same location 279.77 183.97 69 705 29490
Note — Compiled by the author based on 1-PF and 1-T firm-level data from [11]. Output and capital are in thousands of real
Tenge. Capital is measured as a fixed assets of a firm.

RESULTS

Measuring agglomeration economies. Table 4 presents the regression results of the effect of the agglom-
eration variables on the firm-level TFP. All estimations are based on yearly variations of panel data, which
address the short-run effects of spatial agglomeration. The signs and the range of coefficients from both OLS
and GMM methods coincide and do not change the conclusion, validating the robustness of the results. Ac-
cording to GMM method, the localization coefficient is positive and significant in the short-run, implying
that a 10 % increase in the number of employees of the neighboring firms in the same industry increases firm
productivity by 2.88 % on average, keeping other things equal. There is a similar positive relationship between
urbanization economies and firm-level productivity: a 10 % increase in the number of workers in neighboring
firms operating in other industries increases TFP on average by 1.61 %. However, after controlling the indus-
trial heterogeneity, the localization coefficient decreases by half from 0.288 to 0.136, while the coefficient of
urbanization economies additionally gains about 0.034 of firms’ productivity and is set at 0.195 in the GMM
estimation results. Competition is observed to have a negative impact on TFP: a 10 % increase in the number of
employees inside the industry in a given territory lowers productivity by 0.46 % on average, taking other things
equal. It implies that even if intense competition is assumed to boost innovations and improve productivity, it
reduces firm performance in the short run.

Table 4 — Regression results of the effect of agglomeration economies

Dependent variable Ln TFP

Method OLS GMM OLS GMM

localization 0.262%** 0.288%** 0.122%** 0.136%**
(0.02) (0.02) (0.01) (0.02)

urbanization 0.167%** 0.161%** 0.203%** 0.195%**
(0.03) (0.03) (0.02) (0.02)

competition -0.196%** -0.231%** -0.034 -0.046*
(0.02) (0.03) (0.02) (0.03)

Time fixed effect Yes Yes Yes Yes

Industry fixed effect No No Yes Yes

Constant 3.948%** 3.879%** 3.988*** 3.982%**
(0.33) (0.36) (0.22) (0.24)

N 29106 22963 29106 22963

R? 0.049 0.052 0.217 0.228

Note — Compiled by the author based on 1-PF and 1-T firm-level data from [11].

All regressions are GMM with clustered standard errors at the location-industry-year level, *p <0.10, ** p <0.05, ***p <0.01
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The difference of geographical aggregation. In this subsection 3.2, we examine at what level of aggrega-
tion firms benefit most from agglomeration economies. According to Martin et al., the level of geographical
aggregation can affect the values of agglomeration [11]. The geographical variation in our data is provided via
2- and 9-digit classifications. In previous subsection, we focused on geographical entities at the 2-digit regional
level, constituting 14 oblasts and 2 cities of the republican level. Here, we employ the 9-digit sub-regional level
of spatial aggregation that includes 202 subregions (called rayons) and cities.

Table 5 — Regression results with the different level of geographical aggregation

Dependent variable Ln TFP
Method OLS GMM OLS GMM
localization 0.120%* 0.147%%* 0.050%* 0.059%#*
(0.01) (0.01) (0.01) (0.01)
urbanization 0.075%** 0.079%** 0.076*** 0.078%**
(0.01) (0.01) (0.01) (0.05)
competition -0.093%*** -0.148%** 0.056%** 0.044%*
(0.02) (0.02) (0.02) (0.04)
Time fixed effect Yes Yes Yes Yes
Industry fixed effect No No Yes Yes
Constant 6.185%** 6.056%** 7.541%%% 7.302%*%*
(0.07) (0.07) (0.12) (0.43)
N 29106 22963 29106 22963
R2 0.072 0.073 0.304 0.318
Note — Compiled by the author based on 1-PF and 1-T firm-level data from [11].
All regressions are GMM with clustered standard errors at the location-industry-year level, *p <0.10, ** p <0.05, ***p < 0.01

Table 5 is obtained by using the same estimation strategy. The GMM method results, corrected for the in-
dustrial variation, represent a positive effect of localization and urbanization economies but to a lesser extent
compared with the previous results of the 2-digit regional level of geographic aggregation. At this lower level
of spatial aggregation, competition tends to positively influence firm-level productivity. The reason for this
could be that the competition at the rayon’s level is lower than the regional level of geographical aggregation.
Competing with fewer firms in the rayon or with firms from the whole region makes a huge difference due to
the lower market power. Also, when firms compete with each other, they are motivated to innovate and im-
prove their products or services. This can lead to technological advancements and better production methods
that can increase TFP. However, the coefficient of competition is observed to be small and weakly significant.

These results suggest that agglomeration economies, represented by localization (intra-sectoral agglom-
eration) and urbanization (inter-sectoral agglomeration), increase firm-level productivity at both 2-digit and
9-digit levels of geographic agglomeration. However, firms benefit more from higher levels of spatial aggrega-
tion (2-digit), deriving positive agglomeration externalities from labor and resource markets.

Who creates externalities: firms or employees? Which is better: supporting and facilitating the growth of
existing firms, or encouraging the opening of new small firms? The question of whether the size of firms or the
number of firms in an industry in a given location has a greater influence on firm productivity is an important
issue for policymakers. To address it, we decompose localization economies into two terms. The first is the
number of firms in the industry s, location / at time #, and the second is the mean size of these firms in terms
of the number of employees.

Our results are presented in Table 6 at 2- and 9-digit geographical level of aggregation using the GMM
approach. The results coincide with Martin et al. who finds that workers generate higher agglomeration exter-
nalities than plants, while Henderson claims the opposite [11; 22]. After controlling the number of neighboring
firms in their own industry and their average size, it can be seen that the coefficients of the average size of firms
increase total factor productivity at both levels of spatial agglomeration, while the coefficient of the number of
firms is found to be insignificant. Interestingly, the magnitude of the coefficient of the average size of firms is
quite higher than those of the localization economies.
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Table 6 — Regression results with localization decomposition

In TFP
The level of spatial aggregation 2-digit level 9-digit level
Ln (Average size of firms), 0.935%** 0.877%%*
same industry-area (0.06) (0.15)
Ln (Number of firms), same -0.003 0.222
industry-area (0.05) (0.20)
urbanization 0.148%** 0.027***
(0.03) (0.01)
competition 0.179%** -0.086
(0.06) (0.25)
Time fixed effect Yes Yes
Constant 0.146 2.072%*
(0.49) (0.01)
N 22805 20648
R2 0.091 0.060
Note — Compiled by the author based on 1-PF and 1-T firm-level data from [11]. All regressions are GMM with clustered standard
errors at the location-industry-year level, *p < 0.10, ** p < 0.05, ***p < 0.01

Overall, these findings indicate that the number of employees in the industry in its territory is one of the
main channels of external effects of agglomeration. The size of firms in terms of the number of workers is
preferable to the concentration of small firms. The results suggest that supporting the development of large
firms and encouraging their internal capacity increases the productivity of firms in clusters, rather than a mul-
tiplication policy of smaller firms.

Does the size of clusters matter? The results obtained in previous sections suggest that firm-lev-
el productivity increases with the growth of localization and urbanization economies, that is, cluster-
ing. Carreira and Lopes and Martin et al. investigate a nonlinear relationship between agglomeration
economies and TFP [3; 11]. They argue that in addition to positive externalities, there are also negative
ones. Congestion can negatively impact market growth and firm productivity, which means that the rela-
tionship between clustering and productivity may be nonlinear. To explain whether clustering is al-
ways more beneficial, or whether firms always internalize the benefits from locating nearby, we intro-
duce a nonlinear specification of the model via quadratic and cubic terms of localization and urbanization
economies.

Table 7 shows nonlinear regression results for different levels of spatial aggregation. All coefficients of
localization terms are significant, while the coefficient for urbanization is significant only at the 9- digit sub-
regional level. Figures 1 and 2 show the results for localization economies at 2- and 9-digit location level,
respectively. The dark curve represents the fitted value of TFP gains at each level of localization. The gray
curve is a distribution of localization economies for Kazakh firms. Figure 1 shows a cubic curve relationship
between TFP and localization economies. Quantitative analysis of the model explains that there is a threshold
of around 2 180 employees at which firms start receiving positive externalities from industrial clusterization.
The thresholds are calculate by taking natural logarithm of localization. The first threshold is equal to Ln (lo-
calization), when TFP=0, because it is starting point when firms gain TFP surplus (see Figure 1). The second
threshold is a value of Ln (localization), when TFP reaches its peak. The peak value is computed by taking
derivative of the non-linear equation subjected to localization. The second threshold implies a peak of around
363 000 employees in an industry that maximizes the benefits from localization economies, but thereafter,
TFP gains decrease due to the congestion effects. Two curves move in a similar pattern suggesting that firms
do internalize the TFP surplus from clustering while choosing the location. Figure 2 shows similar results with
a weaker fit, implying that firms in a lower level of geographical aggregation are less likely to internalize the
productivity gains.
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Table 7 — Nonlinear regression results

Dependent variable In TFP
The level of spatial aggregation 2-digit level 9-digit level
localization -1.523%** -0.299%**
(0.16) (0.08)
localization™2 0.311%** 0.083***
(0.03) (0.02)
localization"3 -0.015%** -0.003***
(0.00) (0.00)
urbanization 2.806 0.117*
(2.64) (0.07)
urbanization™2 -0.333 -0.011
(0.25) (0.01)
urbanization™3 0.013 0.000
(0.01) (0.00)
competition -0.339%%* -0.378%***
(0.04) (0.04)
Time fixed effect Yes Yes
Constant 0.391 6486%**
(49.80) (0.13)
N 22965 22965
R 0.076 0.091
Note — Compiled by the author based on 1-PF and 1-T firm-level data from [11]. All regressions are GMM with clustered standard
errors at the location-industry-year level, *p < 0.10, ** p <0.05, ***p < 0.01
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Figure 2 — Localization economies at 9-digit location level
Note — compiled by the author based [11]

Figure 3 shows a linear relationship between urbanization economies and TFP surplus at the 9-digit subre-
gional level of aggregation. It describes that the firm-level productivity gains from urbanization are increasing
even if the distribution of urbanization economies passed its peak. This can be explained by the fact that cities
and people in Kazakhstan are sparsely located on a large territory, so the level of urbanization is low, and the
peak at which negative externalities outweigh positive ones is very high.

In this paper, we considered the location of firms in the regional and subregional levels of aggregation. The
subregional level of aggregation is much more accurate in describing the actual level of agglomeration in the
country, while the 2-digit regional level of aggregation shows the adjusted level of agglomeration.

TFP
urbanization (freq.)

TFP

65

T

4
urbanization (freq.)

T T T T
2 10 11 12
In urbanization

Figure 3 — Urbanization economies at 9-digit location level
Note — compiled by the author based [11]

These findings explain that more clustering is not always better. There are negative externalities of agglom-
eration, such as congestion, which can outweigh the benefits, holding all other factors constant. Policymakers

need to take these factors into account when deciding whether to stimulate cluster growth.

Table 8 — The elasticity coefficients of localization economies at 2-digit regional level

Region

Astana city 0.193 (11.73)

Almaty city 0.178 (8.72)

Akmola region 0.064 (-4.56)
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Aktobe region 0.098 (4.89)

Almaty region 0.110 (5.10)

Atyrau region 0.153 (-1.98)

West Kazakhstan region 0.082 (0.94)

Zhambyl region 0.041 (-3.69)

Karagandy region 0.082 (-0.92)

Kostanay region 0.082 (-1.53)

Kyzylorda region 0.052 (-1.74)

Mangystau region 0.124 (3.75)

South Kazakhstan region 0.082 (-0.92)

Pavlodar region 0.099 (3.94)

North Kazakhstan region 0.054 (-4.74)

East Kazakhstan region 0.082

Note — Compiled by the author on 1-PF and 1-T firm-level data from [11]. Estimated using GMM approach with clustered standard
errors at the location-industry-year level. The elasticities are calculated as it is indicated below (e.g., for Astana city = T + o1 ).
T-statistics of the interaction terms are in parentheses. The reference category is the East Kazakhstan region and takes the value of the
localization coefficient (Gﬂ). All statistically insignificant coefficients for regions’ interaction terms takes the value of Ty-

Finally, Table 8 presents the elasticities of localization economies to firm productivity at the 2- digit re-
gional level. To obtain regional-level coefficients, we introduce interactive terms of localization variable with
regional dummies to Equation (11) and get:

log(A;;) = aylog (LOCiStl) + Y15, o;D; log(LOCl-Stl) + ylog (URBl-Stl) + .
+ ulog(COMPSY) + uy, (12)

The benchmark region is East Kazakhstan oblast (EKO), so that D; = 0 for¥i =1,2,...,15.
here D. = {1 if Astana city

WICTE P11 =1 0 if otherwise
1if Almaty city

h -
where D, { 0 if otherwise

1if 1\.l.c;rth Kazakhstan region

where Dis = { 0 if otherwise

The elasticity of TFP with respect to localization would be different. That is, for EKO:

d log(Ai)

—_— = O,
dlog(Locsh "
For Astana city:
dlog(4;
9(ly) Gyt 0

d log(LOCSH —

The elasticities show how sensitive productivity of firms would be to the localization economies across
regions. The higher the elasticity, the more sensitive firms are to an increase in the number of employees in
the industry. The results suggest that TFP in Astana city, Almaty city, Atyrau, and Mangystau regions is more
sensitive than in EKO, and they will receive higher firm-level productivity gains from localization economies.
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The economic rationale for this could be that the level of market development and competition in EKO may
potentially prevent TFP gains from the localization economy. At the same time, Zhambyl, Kyzylorda and
North-Kazakhstan oblasts are less sensitive for TFP than in East Kazakhstan region, and they will receive
modest benefits from higher clustering compared to other regions.

CONCLUSION

This paper analyzes the effect of agglomeration on total factor productivity using firm-level panel data
for Kazakhstan. We show that localization and urbanization economies have a strong and positive impact on
firms’ performance. The results suggest that productivity increases with clustering: a 10 % increase in the num-
ber of employees of neighboring firms inside the same industry increases firm- level productivity by 1.36 %,
while a 10 % increase in employment in other industries enhances firm performance by 1.95 %.

Our results have several interesting policy implications. First, industrial clusters and urbanization have
positive side effects on productivity in the short term. Productivity gains are higher at the 2-digit regional level
than at the 9-digit subregional level of geographical aggregation, implying that the denser geography increases
firms’ performance more than in the observed geography (2-digit regional level of spatial aggregation consists
of 14 oblasts and 2 cities of republican significance, 9-digit subregional level consist of 202 rayons and cities).
Second, fostering internal growth of existing firms and attracting large firms amplifies the positive externali-
ties for TFP from industrial clustering rather than the proliferation of small firms in the region. Third, besides
the positive externalities, other externalities such as congestion effects can reduce productivity and negatively
affect spatial growth. We find thresholds at which firms start gaining benefits from locating near industrial
clusters and at which negative effects of agglomeration dominate positive externalities. When clusters become
overcrowded (more than 363 000 employees in the industry), congestion effects may outweigh localization ef-
fects. Consequently, policymakers should also consider the impact of negative externalities before introducing
government programs.
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KA3AKCTAHJAFBI KEHICTIKTI KOHIIEHTPALUAS
’KOHE ®UPMA JEHTENTHIETT OHIMILIIK

3. M. AaujixaHoBa
NAC Analytica, HazapbaeB YuuBepcureri, Acrana, Kazakcran PecriyOnukacsl

AHJATIIA

3epmmey maxcamot. by sxymbic 2009-2017 xbligap apalibIFbIHIAFbI TAHENB/IIK JSPEKTEPIl Naianana
oTbIpbin, KazakcTanmarbl GpupmasiapbiH Kalbl (PaKTOp OHIMIUTINIHE KEHICTIK arJIoOMepaIUsChIHbIH 9CePiH
3eprreii.

9dicnamacel. biz MoMeHTTepAiH kainnbuiama ouicii (GMM) KojjiaHa OTBIPBIN, €Ki CaThUIbl Oaraliay
CTPATETUSCHIH KOHE dHJOTCH/IIK OeiimMauTikTep i OakpuIayabl KojiaHamMbi3. dupma JeHreriHaeri 1epekTep
Kazakcran Pecnyomukacel CTpaTerusuiblk jKocmapiay skoHe pedopmanap areHTTiriHiH ¥ATTHIK CTaTHCTHKA
OOPOCHIHAH AJIBIHFAH.

3epmmeyoiy bOipecetinici / KyHObLIbIZbl. ByJl 3epTTey NaMyIibl €JIEperi KeHICTIKTIK IIOFbIPIaHy MEH
(dupmMa JIEeHreWiHiH OHIMAUIITH dMIIMPUKAIIBIK 3€PTTEYre BIKIAI €Te/l )OHE cascaTKepliepre MEeMJICKETTIK
OarnapiaManapibl )Ky3ere acblpy aijblH/Ia KapacThIpaThlH KYH/IbI TYCIHIKTepAi Oepeti.

3epmmey nomuoicenepi. Hotwxkenep kiactepiiey Ke3iHAEC OHIMAUIIKTIH >KOFapbUIAMTHIHBIH KOPCETEII:
0ip camagarel Kepii (upmanap KbI3MeTKepJiepiHiH caHbiHbIH 10 %-ra aprybl (upma JaeHredinmeri
eHIMALTIKTI 1,36 %-Fa apTThipajbl, an Oacka cajajmapaarbl KyMbICIeH KaMTyablH 10 %-ra apTysl ¢pupma
eHIMALTITIH 1,95 %-Fa apTThipaabl. OHIMIUIIKTIH apTybl reorpausuiblK OIpiKTIpyIiH 9-caHABIK KOCAIKBI
allMaKTBIK JICHreliHe KaparaHa 2-CaHbIK alMaKThIK JICHIeH/Ie )KOFapbl 00JIaJIbl, OYJI THIFbI3 T€OTpaUsHBIH
(upManapIpIH OHIMIUTITH KOFapbUIATATBIHBIH OUIIpeI.

Tyuin co30ep: ariioMepalUsUIbIK SKOHOMHKAJAp, Kalmbl (pakTop eHIMIIIr, KeHICTIKTIK KOHIIGHTPAIHS,
KJacrepiep.
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IMPOCTPAHCTBEHHAS KOHUEHTPALIUA U ITPOU3ZBOAUTEJIBHOCTD
®UPM B KA3SAXCTAHE

3. M. AaujixaHoBa
NAC Analytica, HazapbaeB YuuBepcuteT, Actana, Pecrryonuka Kazaxcran

AHHOTALIMUA

Lenv uccnedosanus. B maHHOM cTaThe M3ydaeTCs BIUSHUE MPOCTPAHCTBEHHOU arjioMeparuy Ha OOIIYIO
(hakTOpHYIO MPOM3BOIUTENHFHOCTh TpeanpuaTuii B Kazaxcrane ¢ HMCIIONB30BaHUEM ITaHEIBHBIX JaHHBIX C
2009 1o 2017 rog.

Memooonozusa. Mpl uCHONB3yeM ABYXJTAlHYIO CTPATETHIO OIEHKH M KOHTPOJIUPYEM OTKIOHEHHS
SHIOTEHHOCTH, WCIONB3ysd TMoaxon o0obmeHHoro wmeroma MoMeHToB (GMM). JlaHHBIE Ha ypoBHE
NPENPUATUN MOTy4YeHbl OT BIOpo HAIIMOHAIBHOM CTATUCTUKU ATEHTCTBA CTPATETUYECKOTO TUIAHUPOBAHUS U
pedopm Peciybmmku Kazaxcran.

Opueunanvnocme / YeHHOCMb UCCLe008aHUA. ITO WCCIEAOBAHUE BHOCHT BKJIAJ B OSMITMPHUYECKOE
WCCIIEIOBAHNE TIPOCTPAHCTBEHHOW KOHIIGHTPAIlMM W TPOW3BOJUTENHFHOCTH Ha YpPOBHE KOMIIAHWU B
Pa3BHUBAIOIINXCA CTPaHaX | AAa€T IEHHYI0 HH()OPMAITHIO IS TOTUTHKOB, KOTOPYIO CIIEAYEeT YIUTHIBATH TIEPE/T
peanmzanyeil rocyAapCTBEHHBIX MTPOTPaMM.

Pesynomamor  uccneoosanusn. Pe3ynapTaThl TOKa3bIBaIOT, YTO MPOW3BOAWTEIHHOCTh YBEIHYHBACTCA
npu o0benHEeHUN B Kiactepsl: 10 % yBenmudeHne dncia COTPYIHUKOB COCETHUX (DMPM B TOW K€ OTpacin
YBEIMYUBAET IPOU3BOAUTENHHOCTD Ha ypoBHE (upmbl Ha 1,36 %, a 10 % yBenmueHune 3aHATOCTH B APYTUX
OTpaciAX TOBBIMIAET MPOU3BOAUTEIHHOCTs (QupMbl Ha 1,95 %. IlpupocT TpPOM3BOAWTENHHOCTH BEIIIE
Ha JBY3HAYHOM PETHOHAIFHOM YPOBHE, a HE Ha 9-3HAYHOM CyOpermoHaJIbHOM YPOBHE reorpadudecKon
arperamuy, 9To 03Ha4aeT, 9YTo OoJiee TIIOTHAs Teorpadus MOBbIMIAET MPOU3BOJUTEIFHOCTS KOMITAHUH.

Kunrwouegvle cnosa: arnomMepanMoHHbIE OSKOHOMHUKH, o0O0mas (akTopHas MPOU3BOJAUTEIHHOCTD,
MIPOCTPAHCTBEHHAS KOHIIEHTPAIHS, KIACTEPHI.
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