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Abstract

The paper seeks to estimate the effects of wages, agglomeration and transportation costs on the Mexican
automobile assembly and vehicle parts subsectors from 1999 to 2014. The methodology is based on
spatial lag and error models. The results indicate that the average wage had a negative effect on the
employment of the automobile assembly subsector and that agglomeration initially had a positive impact
on that subsector. Transportation costs had a positive effect in the automobile assembly subsector during
the two thousand. In the vehicle parts subsector, agglomeration within industry and agglomeration

among related industries had positive effects during the early decade of the two thousand.
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Resumen

El trabajo estima los efectos de los salarios, la aglomeracion y costos de transporte en los subsectores
de ensamble de autopartes de México en el periodo 1999-2014. La metodologia se basa en modelos con
rezagos espaciales y en el error. Los resultados indican que el salario afecté negativamente el empleo
del subsector de ensamble y que la aglomeracidon tuvo un efecto inicial positivo en ese subsector. Los
costos de transporte también tuvieron un efecto positivo en ese subsector. En el subsector de autopartes,
la aglomeracidn al interior de la industria y la aglomeracién entre industrias relacionadas tuvieron un
efecto positivo al inicio de la década del dos mil.

Codigo JEL: L62, C31, R12, 047
Palabras clave: Economias de aglomeracion; Industria automotriz; TLCAN; Costos de transporte; Econometria
espacial

Introduction

As a result of the liberalization process that began in the eighties, the Mexican economy
has experienced important adjustments in its manufacturing sector. In the first place, the
manufacturing growth of Mexico was reoriented towards export promotion and was based
on the expansion of the electronics and automobile industries. Also, the Mexican economy
experienced a geographic restructuring of its industries based on foreign investment and the
opening of export markets abroad (Hanson, 1998).

In addition, with the establishment of the North American Free Trade Agreement (NAFTA)
in 1994, a dismantling of the protection systems in Canada, USA and Mexico was undertaken.
Tariffs were reduced and eventually removed for passenger cars, and rules of origin speci-
fied in the treaty were aimed at setting limits on the percentage of inputs from Non-NAFTA
members used to manufacture automobiles and trucks. The share of North American inputs
reached 62.5% in 2002 (Montout and Zitouna, 2004).

During the decades of the eighties and nineties, the Mexican automobile industry expe-
rienced an exponential expansion of its exports to the USA. Also, the geographical distribution
of assembly plants in the USA and Mexico changed dramatically (Klier and Rubenstein,
2010). A new set of plants were established close to the border or close to the communica-
tions networks leading to the “Auto Alley” region in the US (the corridor between the Great
Lakes and the Gulf of Mexico). This trend encouraged the agglomeration of automobile

plants based on the connection of supplier plants, and also, as in the case of the European
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automobile industry, the existence of highway infrastructure encouraged the localization of
auto-parts plants close to assembly plants (Klier and McMillen, 2013). During the nineties,
the agglomeration of economic activities became one of the main features of the Mexican
manufacturing sector. Mendoza (2002) found evidence that partially corroborates the positive
effect of agglomeration economies on Mexican manufacturing growth.

The rapid growth of automobile industry exports has been an important element of the
manufacturing export strategy followed by the Mexican economy. The development of the
Mexican automobile industry has been based on a re-localization of an important part of the
production and assembly plants from the United States (USA) to Mexico, particularly to the
central and northern border regions of that country (Mendoza, 2011). As a result, the Mexi-
can automobile industry showed an explosive expansion of production and exports from the
decade of the nineties until 2007, when a slowdown of the import demand of automobiles
in the USA occurred.

Mexico became an important automobile production center based on the geographical
proximity to the exports destination market and labor cost advantages (Debroux and Debrand,
2015). During the 2008 and 2009 recession, the automobile industry of the USA entered into
a deep contraction of production and demand that negatively affected the Mexican automobile
industry. The severe impact of the economic recession of the US on the Mexican automobile
sector suggests the importance of studying the driving forces and the changes within the
Mexican automobile industry. Since the automobile industry makes up a significant part of
Mexican exports, it is relevant to assess the domestic and external forces driving the pattern
of growth of that industry, as well as to measure the initial driving forces in the expansion
for that industry. In addition, it is important to analyze the possibility of external economies
derived from agglomeration economies (Krugman, 1991). After more than 20 years of the
implementation of the North American Free Trade Agreement (NAFTA), the Mexican au-
tomobile industry has become geographically concentrated in particular regions. Therefore,
this paper estimates the effects of these agglomerations as well as the economic forces that
drive the foreign direct investment (FDI) made by automobile multinational corporations,
which principally respond to reductions in wages and transportation costs.

The major manufacturing industry that benefited from the dismantling of the Mexican
protectionist system and the new rules for FDI established in NAFTA was the automobile
industry, which, as a result, increased the production and exports of assembled automobiles
and auto-parts to the US market. As mentioned previously, the expansion of the Mexican
automobile industry in the last 30 years has resulted from vertical specialization, differences

in wages and the geographical proximity to the USA. It has been argued that agglomeration
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forces derived from geographical concentration could encourage further spatial clustering of
firms, particularly when conditions exist for firms to be close to their customers (Baldwin,
2013). It is important to address this proposition for the case of the two Mexican automobile
industry subsectors, given the different characteristics of their development in terms of output
size and final markets.

Within this context, the paper seeks to estimate the existence of agglomeration economies
in the automobile assembly and the auto parts subsectors. To fulfill that purpose, the analysis
of statistical information from the automobile and the auto-parts sectors is used, according
to the Industrial Census of Mexico. To analyze employment growth, agglomeration indexes
and a transportation cost proxy were constructed, and subsequently, coefficients of those
variables were estimated using spatial and error lag econometric models. The paper is struc-
tured as follows: first the introduction; then the second section presents the most important
facts about the regional expansion of the automobile industry in Mexico; section three dis-
cusses the possible spatial interaction within the automobile industry geographical location;
section four presents the theoretical approach based on the concepts of external economies
and industry agglomeration; section five describes the econometric model and the variables
and data base used; section six discusses the econometric results, and the conclusions are

presented in section seven.

Regional development of the automobile industry in Mexico

The expansion of the automobile industry in Mexico is related to the process of globalization
and the standardization of products in the international market. The main force behind the
emergence of the Mexican automobile industry as an important exporter was the multina-
tional automobile corporations seeking to reduce costs and generate economies of scale.
The Mexican automobile industry was established in the early twentieth century in order to
supply the domestic market. However, it wasn’t until the period between the seventies and
eighties that a strategy to promote exports was established by the Mexican government. In
particular, regulations to impose local content restrictions and to allow foreign investment
in the auto-parts subsector were established.

With the creation of the North American Free Trade Agreement (NAFTA), the Mexican
economy consolidated its model of economic growth based on manufacturing exports (Ba-
rragan and Usher, 2009). Under this model, the automobile industry experienced an expan-
sion of production and exports subject to an increasing integration with the US market and

production system. Automobile firms from the USA and other countries such as Germany
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and Japan established plants in Mexico to take advantage of low wage costs (Sturgeon and
Van Biesebroeck, 2010).

According to data gathered by the World Trade Organization, Mexico exported 1% of
the total automotive products traded in the world in 1995'. After continued rapid growth,
the Mexican share of total exports of automotive products reached 4% in 2015 (Table
1). The growing importance of the automobile sector in international trade shows not
only the importance of automobile exports but also auto-parts exports. In fact, exports
of auto-parts have grown faster than exports of assembled automobiles. The annual ave-
rage rate of growth of automobile exports was 7.3% between 1995 and 2015, while the

auto-parts exports increased at a rate of 9.2% and exhibited a higher export value (Table 2).

Table 1
Main economies exporting automotive products 1, 1995-2015

1995 2000 2005 2010 2015
% of total exports
Germany 18.7% 17.5% 18.6% 18.6% 18.5%
Japan 17.6% 15.3% 13.3% 13.7% 10.2%
USA 11.4% 11.7% 9.4% 9.1% 9.6%
Mexico 3.1% 5.3% 3.8% 5.1% 7.3%
Korea 2.0% 2.6% 4.1% 5.0% 5.3%
Canada 9.4% 10.5% 7.3% 4.6% 4.6%
Spain 5.2% 4.8% 4.7% 4.1% 4.0%
United Kingdom 4.4% 4.4% 4.1% 3.6% 3.9%
% of total imports
Germany 9.7% 8.1% 8.1% 7.6% 9.2%
Japan 2.6% 1.7% 1.4% 1.3% 1.7%
USA 23.4% 29.4% 21.9% 17.1% 26.3%
Mexico 1.0% 3.5% 2.7% 2.6% 4.0%
Korea 0.5% 0.3% 0.4% 0.7% 1.4%
Canada 7.3% 8.0% 6.2% 5.4% 6.1%
Spain 3.6% 4.5% 4.9% 2.8% 3.7%
United Kingdom 6.2% 6.2% 6.4% 4.7% 6.9%

Source: Own elaboration based on data from the World Trade Organization Statistics, 1. Automotive products: motor cars and other
motor vehicles principally designed for the transport of persons (other than public transport type vehicles) including station wagons
and racing cars, motor vehicles for the transport of goods and special purpose motor vehicles, road motor vehicles, n.e.s., parts
and accessories of motor vehicles and tractors, internal combustion piston engines for vehicles listed above, electrical equipment,
n.e.s., for internal combustion engines and vehicles, and parts thereof (SITC groups 781, 782, 783, 784, and subgroups 7132, 7783),
andhttps://www.wto.org/english/res_e/statis_e/merch_trade_stat_e.htm

! The category of automotive products includes both motor cars, parts and accessories, engines and electrical equipment.
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Table 2

Evolution of exports of automobiles and auto-parts of the major exporting countries (millions of dollars)

1995 2000 2005 2010 2015 AARG

USA Automobile 16,799 16,950 30,836 38,897 54,862 5.9%

Auto-parts 58,402 85,535 95,753 74,203 95,127 2.4%

Canada  Automobile 25,089 34,909 37,096 36,715 44,623 2.9%

Auto-parts 13,700 21,939 26,321 22,508 26,442 3.3%

México  Automobile 7,521 16,492 13,404 22,956 32,662 7.3%

Auto-parts 8,404 17,678 24,461 29,788 52,426 9.2%

Germany Automobile 48,602 60,608 108,663 128,649 153,121 5.7%

Auto-parts 41,684 40,466 80,972 98,095 115,092 5.1%

Japan Automobile 41,674 56,813 79,577 90,204 85,997 3.6%

Auto-parts 43,274 41,767 53,873 72,971 63,816 1.9%

Korea Automobile 7,241 11,894 27,255 31,779 41,752 8.8%

Auto-parts 3,876 4,799 14,072 31,640 40,619 11.7%

Source: Own elaboration based on the Broad Economic Categories (BEC) classification, which is linked to the Standard Interna-
tional Trade Classification. AARG= Annual average rate of growth. https://comtrade.un.org/data/

It has been argued that the expansion of automobile assembly has been related to low wages
and transportation costs; on the other hand, growth of the auto-parts responds to the value
chain strategy of multinational firms. (Sturgeon and Van Biesebroeck, 2010). Particularly
after the establishment of NAFTA, investments in the auto-parts industry expanded not only
in the border region but also in other regions of the country. Both subsectors are characterized
by their high integration with the US market, a small Mexican domestic market and a high
export to production ratio.

Another aspect that stands out regarding the expansion of the automobile industry in Mexico
is its geographical heterogeneity and the integration of the local suppliers of inputs and the
automobile plants in localized regions of Mexico. These geographical differences have had
important implications for both the expansion and recessive phases of the Mexican automobile
industry (Unger y Chico, 2004). The employment within the subsector of automobile assembly
increased from 55,551 workers to 75,023 between 1999 and 2015, experiencing an annual
average rate of growth of 2.6% (Table 3). The bulk of the employment of the automobile
subsector at the regional level is mainly concentrated in a few localities. In 2015, around 67%

of the employment of that subsector was located 12 municipios.
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Table 3
Employment in the Mexican automobile subsector at the county regional level, 1999-2004

County ! 1999 2004 2009 2014 AAGR
Total 50,551 44,067 50,905 75,023 2.6%
041 Cuautlancingo 13,575 11,623 13,812 15,184 0.7%
001 Aguascalientes 2,545 3,056 3,829 7,047 6.8%
030 Hermosillo 2,349 1,985 4,124 5,073 5.1%
037 Silao 3,248 3,507 3,507 4,195 1.7%
030 Saltillo 2,493 2,220 1,923 3,631 2.5%
106 Toluca 3,914 3,269 3,047 3,558 -0.6%
027 Ramos Arizpe 3,017 5,456 4,075 3,257 0.5%
101 Tianguistenco 2,145 1,150 2,973 2,372 0.7%
070 El Salto 368 694 1,037 2,360 12.4%
002 Mexicali 1,483 1,246 1,092 2,147 2.5%
121 Cuautitlan Izcalli 3,392 1,417 549 1,739 -4.5%

Source: own elaboration with data from Manufacturing Economic Census of México, 1999, 2004, 2009 and 2014. National
Institute of Geography, Statistics and Informatics. 1. County is the closest geographical description of the political demarcation in
Meéxico known as Municipio.

The municipio of Cuautlancingo (state of Puebla), where Volkswagen is established, had
the largest level of employment with 15,184 workers. It is followed by Aguascalientes, Her-
mosillo, Silao and Saltillo, where Nissan, Ford, GM and Chrysler are located, respectively.
It is important to point out that the production of automobiles is concentrated in the Japanese
and German companies, followed by the American companies. Therefore, it can be concluded
that the Mexican automobile industry has expanded predominantly based on multinational
firms taking advantage of the geographical proximity of that economy to the US market.

One of the characteristics of the auto-parts subsector is that it is located close to both the
border cities and the automobile assembly plants, as could be expected from the point of view
of agglomeration economies. In 2015, the largest concentration of employment was located
in Ciudad Juarez with 77,464 workers out of the total of 623,562 workers employed in that
subsector. It was followed by Acufa, Matamoros, San Luis Potosi and Ramos Arizpe. Except
for the last municipio, none of those localities are situated in the same municipios where the
automobile assembly plants are located (Table 4). Therefore, the rapid expansion of emplo-

yment in the auto-parts subsector seems to be related to both external and domestic demand.
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Table 4
Employment in the Mexican auto-parts subsector at the municipio regional level, 1999-2014

Total Total Total Total
County employment  employment employment employment AARG
1999 2004 2009 2014
Total 350,501 439,112 441,179 623,562 3.8%
037 Juarez 96,617 81,737 76,439 77,464 -1.5%
002 Acuia 15,569 23,481 7,299 27,519 3.8%
022 Matamoros 10,889 13,656 17,452 26,380 5.9%
028 San Luis Potos{ 2,965 8,583 17,238 23,052 13.7%
027 Ramos Arizpe 3,397 5,847 13,181 22,381 12.6%
006 Apodaca 6,820 13,062 10,781 22,342 7.9%
014 Querétaro 5,150 9,106 14,436 16,896 7.9%
037 Silao 1,336 4,779 7,187 16,045 16.6%
032 Reynosa 11,747 14,835 13,753 15,852 2.0%
030 Saltillo 7,244 5,864 8,752 15,464 5.1%
011 El Marqués 1,057 4,011 7,497 12,473 16.5%
035 Torreén 5,864 11,403 5,867 11,720 4.6%
106 Toluca 6,290 5,368 8,315 10,563 3.5%
041 Cuautlancingo 7,130 6,883 9593 8,726 1.3%

Source: own elaboration with data from Manufacturing Economic Census of México, 1999, 2004, 2009 and 2014. National Institute
of Geography, Statistics and Informatics. 1. County is the closest geographical description of the political demarcation in México
known as Municipio. AARG: annual average rate o growth.

The development of supply chains has helped to reduce the costs of intermediate inputs by
taking advantage of the geographical proximity to the demand market (USA). As a result, the
Mexican automobile industry has developed assembly plants which use intermediate inputs
produced abroad and incorporate value-added to re-export those inputs, mainly to the US
market (Hanson, 2010). As a consequence, the multinational automobile firms divide up the
operations of design, inputs production, assembly and marketing, thus creating “production
chains”. The implication for the Mexican automobile industry has been the increasing share
of vertical and horizontal integration chains, where inputs from other economies (mainly the
USA and China) are transformed in Mexican plants and then re-exported to the markets in
the USA (Kose, et al, 2004). According to the World Trade Organization, in 2011, the foreign

value-added content as a percentage share of the industry’s gross product was 50.4% for motor
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vehicle exports. In terms of the destination of total exports value added, the percentage share

in the economy’s total exports to the USA was 32.2%.2

Agglomeration, externalities and economic growth

Theoretical approach

In order to investigate the characteristics of the Mexican automobile industry, this paper is
based on the theoretical approach of external economies. An important concept for the study of
externalities and cost reduction for firms located in industries that are regionally concentrated
is the economies of agglomeration. Marshall (1980) identified three main reasons for such
externalities: pooled labor markets, availability of inputs and technological spillovers. Arrow
(1962) and Romer (1986) pointed out that industrial specialization plays an important role in
explaining economies of agglomeration, indicating that they allow technological spillovers. It
has been pointed out that technological diffusion can also be generated in a regional industry
with a competitive market structure.

Richardson (1973) divided agglomeration economies into location economies and urban
economies. Location economies are related to external economies resulting from regional
specialization, and urban economies are derived from the economic activity within an urban
area. Jacobs (1969) underlined that technological diffusion can be developed from the indus-
trial diversity developed within a competitive market structure.

Krugman (1991b) indicated that there are centripetal and centrifugal forces that determine
the economies of agglomeration. Centripetal forces are created by the closeness of workers to
larger markets to take advantage of economies of scale and the access to consumption. The
centrifugal forces are caused by transportation costs or the high cost of land rent as the factors
pushing toward regional decentralization. For the case of urban externalities, Henderson
(1974) stressed that the growth of urban centers has to do with the mobility of the factors of
production. Transportation costs and urban wages are determinant for employment decisions.
The growth of cities implies increasing transportation costs that arise from transport conges-
tion and increasing distances between the workers” housing and the manufacturing plants.
However, higher wages attract workers to the cities. The urban center equilibrium expansion
path is obtained when the costs of city growth are offset by the external economies created

by the specialization of production.

2 World Trade Organization, “Trade in value-added and global value chains: statistical profiles”.
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Several empirical papers have been published to estimate the effects of agglomeration
economies from the geographical concentration of economic activities. Glaeser et. al (1992)
and Glaser (2010) studied metropolitan urban areas in the USA and found that knowledge
spillovers are generated by firms located in urban areas. In the case of Mexico, as a result of
the changes in the regional manufacturing sector localization during the nineties, resulting
from trade liberalization and the establishment of the North American Free Trade agreement
(NAFTA), several authors began to study the effect of those changes and the existence of
economies of agglomeration in the Mexican economy. Hanson (1994) pointed out that the
manufacturing exports strategy followed by Mexico resulted in a relocation of manufacturing
activities to the northern border states of Mexico. In addition, Hanson (1996) explained that,
in the context of the US-Mexican economic integration, the proximity to labor and input
markets has created externalities expressed in agglomeration among related industries. The
geographical proximity to the US market encouraged manufacturing agglomeration in the

most important cities of the northern border of Mexico (Mendoza, 2002).

Empirical research of agglomeration and the automobile industry

Agglomeration has been studied in the Japanese automobile industry to estimate the effects of
total factor productivity in that industry (Ito, 2004). Using estimates of total factor productivity,
the author estimated an Ordinary Least Squares model in order to analyze the transactions
between automobile and auto parts producers, for the period 1981-1996. The results indicated
a higher productivity in the auto parts subsector than the automobile assembly subsector,
with 1.3% and 0.6%, respectively. In addition, the study found the existence of important
agglomeration effects and technological spillover effects.

For the case of the British automobile industry, Boschma and Wenting (2007) studied
the spatial evolution of the automobile industry for the period 1895-1968, The authors used
a Cox regression and the results indicated that spinoff dynamics are important in the first
stages of development, and that localization economies are central for the survival rate of the
automobile companies in the first stage of development.

In Italy, Paci and Usai (2004) analyzed the employment dynamics of the manufacturing
industries of Italy for the period 1991-2001, focusing on agglomeration economies, firm size,
population density and human and social capital. The methodology uses spatial econometric
techniques to consider possible cross-border externalities or neighboring effects.

The analysis of agglomeration within the automobile industry indicates that economies

of agglomeration have played an important role in the development and permanence of au-

10
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tomobile companies in different countries. In addition, the agglomeration of suppliers and
automobile companies have encouraged productivity and technological spillovers. In the
case of the Mexican economy, several papers have addressed the evolution of the automobile
industry, but few of them have estimated the possible existence of agglomeration effects.

This paper seeks to estimate the impact of external economies, wages and transportation

costs on the automobile assembly and auto-parts subsectors in Mexico. Based upon these
theoretical approaches, and the empirical evidence of the performance of the automobile in-
dustry in Mexico, the general hypothesis considers that there is a positive effect of economies
of agglomeration on the auto-parts subsector employment growth and a lack of impact on the
automobile assembly subsector. The specific hypotheses are as follows:

1. The economic integration between Mexico and the US has encouraged the relocation
and expansion of automobile manufacturing production, intensifying agglomeration
among related industries in the automobile sector in Mexico.

2. Agglomeration within the auto-parts subsector has generated externalities for the
automobile industries located near the plants supplying inputs.

3. Transportation costs and the proximity to the markets of the factors of production and
final goods has promoted the expansion of the automobile sector.

4. Given the lack of regional concentration of assembly plants, the automobile assembly
subsector is not likely to show economies of agglomeration.

In this context, the general goal of the study is to evaluate the impact of the external eco-

nomies on the employment growth within the automobile and auto-parts subsectors in Mexico.

Empirical model and econometric strategy

The empirical research of the determinants of the Mexican automobile industry has used
different econometric techniques; Mendoza (2011) studied the short and long term effects of
the US automobile industry on the automobile and trucks subsector for the period 1994-2008
applying a VAR model. The results corroborated the strong relationship between this industry
and the Mexican and US business cycles, both in the short and long term.

Lecuona, and Pavon (2016) studied the effect of the Mexican automobile exports on the
economic growth of Mexico and the external and domestic factors that have impacted that
manufacturing activity. By applying several OLS models to test the impact of automobile
exports on the Mexican economic growth and both external and domestic determinants

for the Mexican automobile dynamics, the authors concluded that the economic activity in

11



J.E. Mendoza Cota/ Contaduria y Administracion 66(1),2021, 1-26

http://dx.doi.org/10.22201/fca.24488410e.2021.2458

Mexico, the demand from the USA, and the lower Mexican wages have a positive impact on
the establishment of automobile plants in Mexico,

Félix, Castro and Aboites (2018) studied the effects of potential tariffs imposed by the
USA on Mexican automobile exports. The study uses a VEC time series methodology. The
results suggested that higher tariffs would eliminate the advantages of the Mexican economy.
A Granger causality test indicated a positive effect of the automobile auto-parts industry on
the economic activities. The counterfactual analysis showed a more adverse effect of tariffs
on employment in regions where the automobile industry is located.

The regional location of the Mexican automobile industry was analyzed by Carbajal, Al-
monte and Mejia (2016). They divided the concentration of the automobile industry in four
regions and estimated a panel data model. The results suggested that the automobile industry
has an important role in the expansion of the Mexican manufacturing sector and GDP.

The analysis of the automobile industry from the perspective of agglomeration economies
has not been studied for the Mexican economy. Therefore, the empirical approach that explains
the effect of external economies of agglomeration on the Mexican automobile industry is
based on Fujita and Thisse (1996) and Lall, Shalizi and Deichmann (2004), they developed
a theoretical model of monopolistic competition, assuming symmetric firms and effects of
agglomeration due to spillovers in a specific location. The firms that are located close to each
other benefit from economies of agglomeration derived from the interaction among firms
from the same industry, that are located in a region. Following Glaeser et al. (1992), based
on a neoclassical model of growth, a short run Cobb-Douglas profit function which includes

externalities can be established as follows:
Y,=A, f(T)=s,T,~D, (M

Where Y is profit, T is labor factor, s is wage, D is distance and A is technology. The
function also includes transportation costs, given their importance in the localization decision
of firms to establish plants closer to the input and output markets.

If the automobile industry is located in a specific location and, as a result, external econo-
mies arise, the production function of the output is made up of a componentA  f(T ), where
A represents both technology and externalities that increase productivity and, therefore,
reduce the costs for the industry at time ¢ in location r. Given that statistical information
on capital stock is difficult to estimate for the Mexican economy, the model is considered a
short run production function and therefore, the estimations do not reflect the total increase

in productivity arising from technological advancements and from capital accumulation.

12
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In order to estimate the impact of agglomeration economies, and based on the above
theoretical approach, the empirical model considers the following determinants of regional
growth in the automobile industry:

1. Intra-industry external economies derived from the localization of same industry firms;

2. Inter-industry external economies resulting from localization of related industry firms;

3. Transportation costs, which are expressed as a value-added produced by the automobile

industries weighted by the distance to the US-Mexican border; and

4. Relative regional wages.

The sources of external economies in the model are given by the effects of agglomera-
tion on manufacturing activities which do not relate to the automobile industry, as well as
on related manufacturing activities within the automobile sector, and also by the pecuniary
external economies created by the proximity to the market.

Regarding the automobile and truck subsector, the analysis will be focused on the effect of
employment agglomeration, transportation costs and wages on the growth of the automobile
industry. The methodology consists of estimating a spatial lag model and a spatial error model
(Anselin, 1988), for the period 2009-2014. The methodology is based on estimations of the
spatial lag and spatial error models using a Maximum Likelihood method (ML) developed
by Anselin and Bera (1998).

In order to take into account the spatial effects of neighboring regions on the growth of the
Mexican automobile industry, the cross-section regression ¥ = XB +&, where Y is the rate
of growth of the automobile industry and B are the determinants of growth with a classical
error term is changed for both a Spatial Autoregressive Model (SAR) and Spatial Error Model
(SEM). The SAR model considers that the dependent variable is reliant on the levels of Y in
neighboring locations. Therefore, in this paper the average growth rate of the value-added
generated in a region is dependent not only on the levels of agglomeration in the region, but
also on the agglomeration of neighboring regions.

In order to eliminate the correlation between errors and regressors that can generate biased

and inconsistent results, a reduced form is presented:

irt

(I — pW)ALN (VA
P VA

") = (1= pW) K + (1 = W) 2
Where

W = spatial matrix

B, = coefficients

& = vector of error terms

p = spatial autoregressive parameter
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The SEM model provides estimations of the spatial impact through the error term as follows:

ALN (VAi”) = XBiye + (I — pW)™ 1w
VA e €)]

Where:

e=U—-pW) v

The models are based on the Generalized Method of Moments (GMM) estimation. The
procedure estimates coefficients, the error autoregressive coefficients and incorporates a
spatially weighted regression. The advantage of this methodology consists of the possibility
of eliminating the heteroscedasticity generated by the spatial heterogeneity that arises from
the geographical location of observations.

The spatial weight matrix included in the estimation is used to consider the spatial relations
of the regional units considered in the model. The weights reflect the spatial influence of one
location j on another location i. The construction of the matrix is based on 0 for units which are
not affected by neighboring units and or / for units which are influenced by contiguous units.

One of the most important applications of spatial econometric models is related to
externalities that are linked to the location of economic activities such as technological in-
novation and the stock of knowledge, agglomeration economies and pollution derived from
industrial activities (LeSage and Pace, 2009). Therefore, external economies arising from
the agglomeration of economic activities in a specific location can have important effects
on neighboring regions. Those impacts can be estimated by using both spatial lag models,
which include spatial lags of the neighboring explanatory variables, combined with a spatial
autoregressive structure to generate a spatial extension of a regression model.

Therefore, the spatial regression models use the links between regions and the coefficient
estimated to provide information about the explanatory variables of the region and the potential
effect on other regions. As a result, the technique is useful for analyzing the interactions of the
independent and explanatory variables between regions. In this paper the dependent variable
is the rate of growth of the value-added of the automobile assembly and auto parts industries
and the explanatory variables are the effect of agglomeration and distance. The estimations are
based on a log of the short-term Cobb-Douglas production function, the regression equation

that was estimated for the different periods of the two subsectors is the following:

VA;
LN <—Vl£'_t+1> =a+ B1LN(Aly) + BoLN(A24) + B3 LN(TCip) + Barn Wipe) + € (4)
it
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The dependent variable is the relative value added in the two subsectors at the municipal

level for the three periods considered:

LN (VA

i,r,t+1

IVA,) = [LN(VA,, ) - LN(VA,)] - [LN(VA,

i,r,t+1 irt i,t+1

)- LN(VA)I,

where

VA, ., = is the value-added of subsector i in the region (municipio) r at time #+/.

VAire

fva,
t

tors of the Mexican automobile industry at the municipal level. In this paper it is considered

is the regional specialization index of the value-added of the two subsec-

that Al<1 generates positive external economies in the automobile subsectors mentioned.
Therefore, a positive coefficient of that variable would corroborate the existence of positive
externalities.

VAire
Aiye = [ﬁ] is the agglomeration index of related industries, which are those that
have the same classification of the North American Industry Classification (NAICS) at the
two-digit level. The index works as a proxy to estimate possible effects of the links between
suppliers and consumers of inputs in related industries grouped at the four-digit level. The

greater the value of the index, the higher the level of specialization of the region.

K =is the industry classification at the two-digit level.
Wire

—irt
Wi
lt/Li:

for the region r during the period ¢, weighted by the annual average wage for the industry at

-

is the relative annual wage per worker within the four-digit subsector i

the national level j during the period . It is assumed that a higher average wage will attract
workers to the region.

Finally, relative transportation costs are measured with a proxy index based on the dis-
tance from the location where the industry is located to the closest border port with the USA,
multiplied by the share of the value-added generated in the subsector at the municipal level to
the total industry value-added generated in that region. The indicator can help estimate the
effect of pecuniary economies based on the proximity to final markets and on the expansion
of the automobile subsectors studied. An inverse relationship between the coefficient of this

variable and the value-added growth is assumed. Formally, the index is expressed as follows:
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Where:

D = distance to the closest border port with the USA

The summary statistics of the variables included in the model showed a higher mean of
the levels of agglomeration of related industries in the auto-part subsector, suggesting that
this variable could be relevant for explaining the employment growth of that subsector (Table
5). In addition, the agglomeration within the same industry in the automobile subsector was
significantly higher, indicating the existence of a regional concentration of automobile plants,
although there is a small number of these manufacturing centers. The correlation matrix indi-
cates a positive correlation of the coefficient of agglomeration among related industries and

the rate of employment growth. Also, the variable distance, which a proxy of transportation

D;
TCirt‘% Di

VAre

http://dx.doi.org/10.22201/fca.24488410e.2021.2458

costs, and relative wages presented the expected negative effect on growth (Table 6).

Table 5
Summary statistics

Automobile Subsector

TC Al R A2 D

Mean 0.1469 12.87 7.596 0.314 3.162
Median 0.1339 6.807 5717 0.2172 2.999
S.D. 0.6525 14.06 6.858 0.2104 0.9852
Min -1.812 1.011 0.614 0.1108 0.9415
Max 1.703 51.92 23.95 0.9805 5.374
Auto-parts subsector

Mean 0.1476 1.974 1.985 5.504 6.753
Median 0.2195 1.236 1.23 0.8296 6.401
S.D. 1.179 2.186 2.199 26.75 2.279

Min -7.006 0.002165 0.0002657  0.011 1.753

Max 4.82 9.431 8.139 283.7 1.30E+01

Source: own elaboration. Source: own elaboration. TC = rate of growth of employment, R = relative wages, A109A

Employment agglomeration within the industry, A209A = Employment, agglomeration among related industries,
DA = Transportation costs
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Table 6
Correlation coefficient matrix

Automobile subsector

5% critical value (two-tailed) = 0.3160 for n = 39

TC Al R A2 D
1 -0.1533 -0.1498 0.4038 0.4024 TC
1 0.9521 -0.4097 -0.6055 Al
1 -0.4628 -0.5993 R
1 0.5024 A2
1 D

Auto-parts subsector

5% critical value (two-
tailed) = 0.1603 for n

=150
TC Al R A2 D
1 -0.0439 -0.0805 0.0489 0.0607 TC
1 0.8392 -0.1537 -0.4079 Al
1 -0.1427 -0.3049 R
1 0.3266 A2
1 D

Source: own elaboration. Source: own elaboration. TC = rate of growth of employment, R = relative wages, A109A = Em-
ployment agglomeration within the industry, A209A = Employment, agglomeration among related industries,
DA = Transportation costs

The agglomeration of economic activities within the automobile and auto-parts subsector
(,,B,) could generate positive and negative coefficients, depending on the existence of external
economies or due to the agglomeration of economic activities. Both the transportation cost
proxy and the average wage paid in both subsectors are assumed to have negative coefficients
(B5 B,). The analysis of spatial spillovers between regions requires an econometric model
where the dependent variable is also explained by agglomeration economies of neighboring
regions. The sources for constructing the database were the Economic Census of México
for the years 1999, 2004, 2009 and 2014 published by the National Institute of Geography,

Statistics and Informatics.
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Results of the spatial econometric analysis

The methodology of the paper is based on spatial econometric techniques. Initially, a local
Moran index was estimated in order to test for spatial autocorrelation. The Moran index takes
into consideration the input of regions to the global or local autocorrelation, therefore providing
information regarding the concentration of economic activity. Based on local indicators of
spatial association, a Moran graph and a test of the null hypothesis of random spatial distri-
bution were constructed, by comparing the localization values of variables of neighboring
regions for both the assembly and auto-parts subsectors of the Mexican automobile industry.

The Moran Index was constructed using the value-added rate of growth and the lagged
value-added rate of growth of the assembly of the automobiles and trucks subsector for the
period 2009-2014. The values of the variables are standardized for all the municipios that
share at least one border with the initial region. The estimates showed the relationship of the
variable valued in one location with respect to the values in neighboring states.

The estimates of the Moran Index (Table 5) showed that in both the automobile and
auto-parts subsectors the index indicates a medium level of clustering. The z-value and the
p-value test the null hypothesis of no spatial clustering of the regional values of the variable
considered. Since both the p-values for both subsectors for the period 2009-2014 were small,
the null hypothesis is rejected. However, for the automobile subsector the p-values are ne-
gative, showing a disperse distribution and for the auto-parts subsector they are greater than

zero, thus implying the existence of a clustered configuration (Figures 1 and 2).

Table 7
Mexico: Local Moran index for the Automobiles and auto-parts subsectors

Automobiles Auto-parts
2009-2014
Moran Index -0.0236 0.677
P-value 0.01 0.005
Z-value -2.1412 5.769

Source: Own elaboration with data from the Economic Census 2009 and 2014, INEGI.
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Figure 2. Auto-parts subsector
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In addition, cross section models were estimated for the two subsectors of the automobile
industry of Mexico: automobiles and trucks and vehicle parts. The estimations were carried
out for the period 2009-2014. With respect to the spatial dependence, the two models impro-
ved the goodness of fit, although they exhibited spatial correlation in the lag and error terms,
according to the likelihood ratio test.

In order to determine whether the models are well specified, a Breusch-Pagan test was
estimated. The results of the test indicate that there was heteroskedasticity in the independent
variables in the model. The Likelihood Ratio test for both models indicated that, controlled
for spatial dependence, the estimations improved their efficiency. The estimations are based
on cross section regression models, with an R squared of 43.1% for the first model and 9.9%
for the second model.

The spatial lag and error models for the automobile and truck subsector showed the ex-
pected negative sign for the coefficient of relative wages and was statistically significant. The
coefficients for both the agglomeration within the subsector and the agglomeration among
related industries was negative and statistically significant (Table 8). The results did not show
evidence of the effect of external economies in the expansion of automobile assembly plants
at the geographical level in Mexico. Therefore, for the subsector of automobiles and trucks
assembly, there is a possibility that other regional advantages, such as low wages, could be
explaining the process of localization. Regarding the effect of transportation costs, the coe-
fficient presented a positive sign in this period. Therefore, transportation costs did not seem

to be important for decisions of localization in the automobile and truck assembly subsector.

Table 8
Agglomeration economies and growth in the automobiles and trucks subsectors (2009-2014)

Spatial Lag Model Spatial Error Model
Dependent
variable:
employment Standard Standard
rate of growth ~ Coefficient  error Probability Coefficient error Probability
CONSTANT  0.001 0.001 0.649 0.000 0.001 0.991
R0O9A -0.006 0.003 0.039 -0.005 0.003 0.080
A109A -0.002 0.006 0.193 -0.003 0.002 0.091
A209A 0.008 0.0004 0 0.002 0.001 0.016
DA 0.128 0.003 0.000
Lambda
R square 0.431 0.430
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Breusch-

Pagan test DF Value Probability DF Value Probability
4 146184.3 0.000

Diagnostic for spatial dependence

Likelihood

Ratio Test 1 5.693 0.017 1 2.002 0.34

Degrees of

freedom 2450 2450

C=constant,

RO9A=relative wages
A109A = Employment agglomeration within the industry
A209A = Employment agglomeration among related industries

DA = Transportation costs

Source: own elaboration.

Concerning the vehicle parts subsector, for both the spatial lag model and the spatial error
model, the estimates of the coefficient of the relative wage variable showed a negative sign,
which is the expected sign according to the cost minimization objectives of the automobile
companies. With respect to the index of agglomeration within the industry, the coefficient
was negative, whereas the index of agglomeration among related industries turned out to be
positive and statistically significant in the period 2009-2014 (Table 9).

Table 9
Agglomeration economies and growth in the vehicles parts subsector (2009-2014)

Spatial Lag Model Spatial Error Model
Dependent variable: Coefficient Standard  Probability =~ Coefficient =~ Standard  Probability
employment rate of error error
growth
CONSTANT 0.001 0.006 0.83 0.001 0.007 0.828
RO9P -0.008 -0.014 0.584 -0.008 -0.001 0.583
A109P 0.01 0.013 0.449 0.001 0.014 0.019
A209P 0.002 0.0006 0.001 -0.002 0.001 0.002
DP -0.013 0 0 -0.013 0.003 0
Lambda 0.001 0.052 0.988
R square 0.099 0.098
Breusch-Pagan test DF Value  Probability

4 12778 0 4 12777 0
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Diagnostic for spatial dependence

Likelihood Ratio Test 1 16.24 0 1 5.71 0.001
Degrees of freedom 2450 2450
C=constant,

RO9P = relative wages
A109P = Employment agglomeration within the industry
A209P = Employment agglomeration among related industries

DP = Transportation costs

Source: Own elaboration.

The results showed evidence of external economies created by geographical agglome-
ration in the auto-parts subsector of the automobile industry. Additionally, the coefficient
of the proxy for transportation costs did not seem to show a negative sign as expected and,
therefore, for that subsector, distance does not have a measurable effect on the expansion of
the companies producing auto-parts.

Therefore, the econometric results provided some evidence for supporting the hypothesis
of external economies in the auto-parts subsector, particularly during the early decade of the
two thousands. This can be explained by the characteristics of the sector in that it consists
of a large number of plants that manufacture auto-parts, located both at the border with the
USA and in different central regions of Mexico close to the assembly plants. Hence, transpor-
tation costs continue to be important, but are not necessarily related to the distance from the
Mexico-USA border. They seem to be also related to the distance between auto-parts plants

and the automobile assembly plants within Mexico.

Conclusions

The Mexican automobile industry has experienced rapid and explosive growth in the production
of exports destined for the US market. The automobile subsector employment at the regional
level is mainly concentrated in a few plants, while the auto-parts subsector is made up by a
large number of plants dispersed along the border and central states of Mexico. In addition
to its faster annual average rate of growth, the production of auto-parts is characterized by
being located both close to the border and to the automobile assembly plants.

The visual examination of the Moran scatterplot indicates the existence of a negative auto-
correlation and a clustering of both rapid growth rate and low growth rate regions (municipios)

in the automobile assembly subsector. In contrast, the Moran scatterplot for the auto-parts
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subsector showed a positive autocorrelation, suggesting that higher rates of employment in the
neighboring regions are clustered in that subsector. The existence of a clustered configuration
suggests that this sector could be experiencing agglomeration economies.

The analysis of transportation costs and external economies in the Mexican automobile
industry was focused on calculating the effects of agglomeration on the growth of that ma-
nufacturing sector. The methodology was based on estimations of the spatial lag and spatial
error models using a Maximum Likelihood method. The results of the spatial econometric
analysis indicate that for the automobile assembly subsector, wages had a negative effect on
employment in that manufacturing activity. One important aspect is that the coefficient for
agglomeration within the subsector exhibited a negative and statistically significant coefficient
which then changed to positive for both the automobile and auto-parts subsectors during the
period 2009-2014. The results suggest that agglomeration economies have not created external
economies in the automobile subsector probably because of the lack of the availability of
intermediate inputs and high-skilled workers.

The results of the vehicle parts subsector indicate that the index of agglomeration among
related industries had positive effects; although the coefficient of the proxy for transportation
was negative, both were statistically significant. It can be concluded that the estimations ve-
rify the importance of external economies in the auto-parts subsector and that transportation
costs have been a decisive factor in the expansion of the automobile assembly subsector.
The plausible explanations for these results are related to the geographical characteristics of
the Mexican economy, such as the proximity to the USA, and the large number of auto-parts
plants located along the border and near the automobile assembly plants in Mexico. There-
fore, external economies can be found only in the auto-part subsector which is concentrated
both in the northern border region and in the central states where the automobile industry
has developed.

These outcomes support previous findings about the positive impact of low wages on
the growth of the automobile sector in Mexico (Lecuona and Pavon, 2016). Consistently in
several papers, low wages coefficients seem to corroborate the importance of this competitive
advantage of the Mexican economy. In addition, this paper corroborates the importance of
the regional concentration of employment in the expansion of the automobile industry and
the manufacturing sector (Carbajal, Almonte and Mejia, 2016). From this perspective, the
present paper provided additional evidence of economies of agglomeration in the auto-parts
subsector which supplies both external and domestic demand. Finally, it is important to under-

line that the results of the study suggest the lack of external economies generated by industry
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agglomeration in the automobile subsector, but supports the idea of external economies in
the auto-parts sector which are related to the geographical concentration of related industries

where there is interaction between suppliers and automobile plants.
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