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Abstract
Results from studies of the relationship between road infrastructure and regional economic
growth have so far been inconclusive. This paper analyzes the effect of the availability of
road infrastructure on regional production in Mexican municipalities. At a regional level,
the extent of road availability in a municipality was determined using an Geographic
Information System (gIS) and ordinary least squares analysis, which identified the
existence of a positive relation between road density and production in municipal regions. It
was shown that the most significant impact of roads on gross regional production is in the
manufacturing and retail sectors, while roads have no significant impact on agriculture,
livestock production, fishing, and mining. Toll-free roads in particular afford increased
regional benefits in comparison to toll roads.
Keywords: road infrastructure; municipalities; regional growth; sectoral analysis;
geographic extension; least square models.
1. INTRODUCTION
Infrastructure has been pointed out as an agent for economic growth. The increase or
decrease of transportation networks affects the social and economic activities that a region
can accept; nevertheless, the dynamics of how this growth is produced is one of the least
understood areas in transportation, geography, urban economy, and regional science (Zhang
and Levinson, 2007).
Even though there is an ample amount of literature, there is little consensus on the exact
effects of investing in transportation infrastructures and regional development (see Chandra
and Thompson, 2000, and Deng et al., 2014). The debate continues to be polemic in nature.
Previous studies give different results, given the source of their data, the disaggregation and
specifics of the model. In the majority of cases, the results assert a positive and significant
impact, but other studies conclude that the impact is insignificant or significantly negative
(Zepeda et al., 2017).

Furthermore, there is a two-part question that is worth exploring: on the one hand, the
infrastructure for transportation and growth seems to maintain a perpetually polemic
relationship of an inverse causality (IFMO, 2007); on the other hand, different levels of
investment in infrastructure present different degrees of effects. This makes one think that
the levels of infrastructure available in a region have a degree of efficiency in their
economic effect, so new transportation infrastructure in regions which are well endowed do
not exhibit the expected results. This in turn calls into question the need for new
investments, leading us to the query of “whether transportation infrastructure can have a
degree of efficiency in its impact” (Zepeda et al., 2017, p. 338).
This study focuses on determining the spatial effect of road infrastructures on regional
growth at a municipal level in Mexico through the analysis of gross municipal production
and sectorial analysis, especially in four economic sectors: Agriculture, Livestock and
Fishing, Retail, Manufacturing and Mining, with the aim of determining if the available
infrastructure can present an obstacle to regional growth, especially in poorer regions.
Different studies explain the effects of roads on growth, but they do so without considering
the economic sectors and without using as sources of information the aggregates at a
regional municipal level. In the particular case of Mexico, this is the first type of analysis
which surveys and considers it possible to do so through the use of an SIG and an
econometric analysis of ordinary least squares using geographical density interactive
variables.
This study covers 2,456 municipalities with data from 2010, which was published in 2014
and which corresponds to the most recent Economic Census available. The census was
carried out with details at the level of economic sectors in accordance with the most
recently available geographic data at that moment and with information for each
Municipality, the types of road and the number of lanes they possess. Finally, we
determined the regions which are most lagging behind in the country in regards to road
infrastructure and identified road density as a factor which explains the production of
business entities dedicated to manufacturing and retail. It is not however possible to assert
the same with regards to the sectors of agriculture, livestock and fishing, nor mining.
The study was organized in the following form: Section 2 has three parts, a review of the
literature, the availability of road infrastructure in Mexico, as well as production in the
country. In Section 3 we explain the methodology employed, the statistical data sources and
how the road infrastructure stocks were determined based on an SIG, carrying out a
separate description for toll roads as well as toll-free roads. We then consider the
construction of the ordinary least squares models with interactive dummy variables
(OLSIDV) for a global, regional, and sectorial analysis. The model’s functional test results
are reviewed, as are the results from the econometric model. The results obtained analyzing
regression coefficients are then reported in Section 4. Then we present the conclusions in
which the positive relationship between the variables is demonstrated and recommendations
based on the results are made.

2. REVIEW OF THE LITERATURE
The macroeconomic theory on endogenous growth develops an approach in which
technology is an agent which affects economic growth. One interpretation of technology in
an endogenous model considers it possible for production factors to have a public origin
(Barro, 1990). In this fashion, the transportation infrastructures favor a technological
change in the endogenous model and, as such, contribute to growth (Aschauer, 1989;
Garcia–Mila and McGuire, 1992). In the opinion of Barro and Sala-i-Martin (2004), public
capital can be whichever product or good, such as infrastructures, and can be analyzed as a
private good provided by the government.
On the other hand, it has been observed that improvements in transportation lead to a
reduction in the cost of businesses’ consumables as well as a greater productivity of factors,
which leads to economies of scale at competitive levels which favor more productive
businesses (Baldwin and Okubo, 2006).
From a spatial point of view, when transportation diminishes or decreases, distances
produce economies of agglomeration in which economic agents benefit from being in
proximity to other agents.
In the beginning, the businesses decide to make private investments in an open space and
are essentially guided by the advantages and disadvantages afforded by each region and
which are valued by the investor, who expects a return on their private capital. As such,
private investments or businesses find themselves drawn to setting up in regions which
have quality resources, infrastructure and innovative capacity, whose local businesses are
susceptible to generating economies of scale and which produce goods and services which
favor competition (Vazquez Barquero, 1997).
Siting decisions are affected by infrastructure and have a primary transportation
component, as accessibility is a necessary condition for commercial activity. With high
transportation costs, businesses’ siting is based on the need for proximity to their end
clients. Based on this, it is possible to explain the formation of agglomerations and regions
with higher levels of growth (Fujita et al., 2001), with the consequence of leaving other
regions with diminished growth.
The discussion regarding the topic is vast, as better transportation conditions make it so that
siting spreads out, reducing agglomeration; at the same time, improvements in
transportation can make it so that economic agents can be closer together, thereby reducing
costs and increasing their potential for interaction, which can lead to reaping the benefits of
agglomeration over larger geographic areas (Eberts and McMillen, 1999).
Previous studies show that there are direct and indirect effects in the relationship of
infrastructure as an engine for economic growth and that there is a positive influence
among both variables (Moomaw and Williams, 1991; Garcia-Milà and McGuire, 1992;
Rietveld and Nijkamp, 1992; Aschauer, 1998, Fujita et al., 2001; Démurger, 2001; Cantos
et al., 2005; Berechman et al., 2006; Lall, 2007; Ozbay et al., 2007; Hong et al., 2011;
Singh and Bhanumurthy, 2014). Nevertheless, the results display variations (Deng, 2013).

For example, in the case of Aschauer (1998), he found that between infrastructure and
growth, there was an elasticity between 0.39 to 0.56, and the results of the Garcia-Milà and
McGuire (1992) present an elasticity of 0.04, Ozbay et al. (2007) found relationships
between 0.017 and 0.206; while some others (Moomaw and Williams, 1991; Evans and
Karras, 1994; Chandra and Thompson, 2000) found little evidence to support a hypothesis
of economic growth led by transportation, with elasticities ranging from -0.35 to 0.178. The
variations in the results from different empirical studies have different causes. Among these
are the different levels of disaggregation for the data, methods for measuring the variables,
and how the models were specified (Deng, 2013).
When it comes to regional studies, research found that in the case of China the impact of
transportation on growth depends on the quantity and quality of pre-existing the roads:
when road density is less than 0.17 km/km2, the relationship is insignificant, for densities
between 0.17 and 0.38 km/km2, the impact is positive at 0.23 but upon exceeding the latter
density, the impact drops to 0.09. As such a basic initial supply of roads or rural roads does
not constitute a network and therefore does not act as an engine for the local economy. On
the other hand, above a certain upper value, the positive effects tend to taper off
significantly (Deng et al., 2013).
In the particular case of Mexico, the results indicate that the transportation infrastructure
has a greater impact on intermediate regions than poor ones (Looney and Frederiksen,
1981), especially in the south-east of Mexico, as the impact on regional productivity arises
when the transportation infrastructure links urban areas (Deichmann et al., 2004). However,
the study at a municipal regional level, sectorial level, and regarding the different types of
open and continuous roads is where this study is focused. These lines stay open as is
recommended in studies which analyze research on the topic (Deng, 2013).

Road infrastructure in Mexico
The SCT1 (INEGI, 2014) reported that in 2010 there were 138,444 km of state and federal
paved roads, proprietary and licensed (see Map 1). Toll roads, also known as licensed, are
controlled by a financial institution (63.5%), private management (25.8%) state
governments (5.9%), or the federal government (4.7%).

Map 1. Road infrastructure by management type in 2010.

Source: created by the authors based on data reported by INEGI (2014).

Table 1 shows the number of municipal regions in each federal entity, its surface area, the
length of roads present and sorted by fees (toll or toll-free), by federal or state
administration, as well as the number of business entities in all of the economic sectors
which were analyzed. Also displayed is the density of total roads (length per unit area) and
the density of business entities.

Regions and economic growth
Determining a geographic space for analysis or defining a region is a complex task due to a
lack of unanimity when it comes to their demarcation (Marín, 2015).
Numerous studies have carried out political demarcations, contrary to other studies which
analyze a smaller number of larger regions (See Deichmann et al., 2004; Hong et al., 2011
and Jiwattanakulpaisarn et al., 2011). In this study, the geographical spaces were
demarcated using as regions for study the 2,456 municipalities which make up the 32 states
in which the republic Mexican Republic was divided prior to 2016,2 as seen in Table 1. In
this table we can see the average density of business entities in the macro regions (states)
and the average road density of these, except for Mexico City, which has little road density
and a high density of business entities. It is seen that the regions with lower road
infrastructure density correspond to those with a lower business entity density.

Figure 1. Road density by state region, except for Mexico City.

Source: created by the authors with data from Table 1.

3. METHODOLOGY
Specifying the model
Macroeconomic theory for endogenous growth develops an approach, in which public
infrastructure is believed to contribute to technological change, considering it a resource for
economic growth, as such, various studies have employed a Cobb–Douglas type production

function where investment in an infrastructure is interpreted as capital with positive
investment returns (Aschauer, 1989; Garcia-Milà and McGuire, 1992; Garcia-Milà et al.,
1996; Aschauer, 1998; Song and van Geenhuizen, 2014). We employed this function in part
to test road infrastructure as an entry in production functions and in part thanks to the ease
in comparing it to other studies. As such, the production function is specified as:

Where Yi is the production (total gross product) of spatial region i, A a technological
improvement which affects the total of the function, Ki is the capital stock and Li the labor
force of region i, respectively.
Recent studies have successfully used proxy variables to quantitatively and qualitatively
measure the characteristics of transportation infrastructures and to compare its impact on
growth (Hong et al., 2011; Song and van Geenhuizen, 2014). As such, if we follow these
models, we can incorporate the production function of capital stock using proxy variables
for physical investment in road infrastructure through its length and the number lanes
present in each municipal region.
In order to achieve this, the lengths of toll-free state roads (EL)3 were identified as were toll
roads (EC), as well as those which were toll-free federal roads (FL) and toll federal roads
(FC) and with their respective available lanes. It was determined that length Li corresponds
to each municipality i and said length was affected by the number of lanes n, and by the
inverse of geographical area Si in order to obtain the density for each type of road in each
region, which was used as a proxy variable of capital stock. For that we employed the
following equations:

Where i is the region for analysis; n is a number of available lanes in a length of roads
within the region; D_EL is the density of toll-free state roads; lEL refers to the length of
toll-free state roads; D_EC refers to the density of toll state roads; lEC refers to the length

of toll state roads; D_FL refers to the density of federal toll-free roads; lEL refers to the
length of federal toll-free roads; D_FC refers to the density of federal toll roads; and lFC
refers to the length of federal toll roads.
Regarding the labor force, it was considered as the occupied personnel Pi in the business
entities in the region. Furthermore, the investment Invi carried out by business entities of
the region was incorporated as capital, as was the value of fixed assets Acti.
The production function in the region i ends up being:

Through the use of linearization in logarithmic terms for the production function, we can
obtain an equation whose parameters can be determined by the use of a least ordinary
squares model:

Data
A data table was created with the value of variables for the period of 2010, based on the
data published by the Economic Census and in the National Geo-statistical Framework for
the 2,456 municipalities. This was due to limitations of data at municipal levels and the
characteristics of roads which would allow the construction of chronological series or a
data panel.
The data of the business entities found in each municipality, their gross production,
employed workforce, investment and fixed assets, were grouped together according to their
economic activity in order to give results which are worth mentioning in relationship to
retail, agriculture, livestock and fishing, manufacturing and mining.
In order to analyze the length of roads in each municipality, and SIG was used in order to
determine the length of each road segment within each municipal region (Li). This length
was affected by characteristics such as lanes in each segment and by the geographical area
of each region in order to obtain density as was previously explained. In table 2 we can see
the descriptive statistics for the variables in the model: Y (millions of pesos), P (thousands),
Inv (millions of pesos), Act (millions of pesos), and the densities (km/km2)

The total gross product (Y) in the regions is shown in Map 2, while in Map 3 are the
densities accumulated by the road infrastructure in each municipal region where the
concentration of value of variables in clusters is observed.

Map 2. Spatial distribution of total production at a regional level in 2010.

Source: created by the authors with data from the INEGI (2014)

Map 3. Spatial distribution of road density in Mexico, 2010

Source: created by the authors using the values determined in Table 2

Sample data was applied in order to guarantee a reliability of the regression results. The
general specification test for the lineal regression model (Ramsey RESET test) verified
whether the nonlinear combinations of adjusted values help to explain response variable
(the results from the test are seen in Table 3).

In order to contrast the homoscedasticity a Breusch-Pagan test was used. The results are
shown in Table 4.

The testing showed a high value of p (0.1363), which suggests that one cannot discard the
null hypothesis that the residuals are homoscedastic. With the aim of validating the
supposed normality in distribution of the disturbances, that is that the errors have normal
distribution, a Jarque-Bera test was carried out. In Table 5 we can see how the probabilities
are less than one and the null hypothesis is rejected. As such, the errors are not distributed
in a normal fashion; however, we consider the sample sufficiently large (2,456 obs.)

4. RESULTS
An analysis using ordinary least squares models was carried out in order to determine the
coefficient of the variables (the results can be seen in Table 6).

The elasticities obtained turned out to be statistically significant at 99% for the most part,
except for toll state road density which is significant at 95%. The fixed assets of business
entities provide a greater impact on total gross production (0.6676) for regions where they

are found, secondly, we identified the employed workforce (0.4010), and thirdly, the
investment realized (0.0699), the roads have a smaller positive impact.
Likewise, the elasticity of state road density, both toll and toll-free (0.0121 and 0.0088
respectively), is greater than that obtained for federal road density including both toll and
toll-free (0.0174 and 0.0135 respectively).
In order to observe the effect that roads have, in particular economic sectors, an OLSIDV
regression was carried out with the set of business entities from all economic sectors as
only four, Agriculture, Livestock and Fishing, Retail, Manufacturing and Mining, presented
results worth mentioning and can be seen in Table 7.

In the previous table, we can see that the coefficients obtained for the primary sector are
less significant when compared against the results from the global regression. In this case,
only the referents for the employed workforce (0.7111) and fixed assets (0.4448), are
statistically significant at 99% so that it is not possible to assert from the results that road
density has an effect on agricultural production.

This behavior is repeated in the mining sector where applied regression coefficients applied
to the observations are for the most part not significant in the case of road infrastructure and
only the referent for the employed workforce (0.6235) and fixed assets (0.5857) are
statistically significant at 99%. This can be explained due to mining production depending
fundamentally on the personnel employed and assets which companies employ in mining
extraction. In this case the siting of business entities is not determined by the presence of
road infrastructures but natural veins and deposits.
In the case of economic activities identified as Retail and Manufacturing we can observe
that the regression coefficients are positive and for the most part statistically significant at
99%. Upon evaluating the total gross product of the business entities in the retail sector, the
elasticity of the employed workforce is greater than that for manufacturing, which is in
contrast to the elasticity found in manufacturing where the elasticity of fixed assets is
greater (0.6342) than it is in retail (0.4330). This means that in manufacturing, the
companies’ fixed assets provided a greater effect for regional growth.
The impact of toll-free road density, both state and federal, on commerce turn out to be
positive (0.0284 and 0.0299, respectively) and statistically significant at 99%, unlike the
density of toll roads, which are not statistically significant. This makes one think about the
tunneling effect that toll roads can come to have on the sector.
With regards to the impact on manufacturing production due to toll-free road density, both
state and federal, turn out to be positive (0.0139 and 0.0344 respectively) as well as that of
federal toll road density (.0305), given that all of them are statistically significant at 99%.
One can see that toll-free roads have a greater positive relationship with the production of
manufacturing companies than toll roads as the use of the latter generates cost for the
companies which must be evaluated and can restrict competitiveness, which hinders growth
rather than facilitate it.
In order to consider the effects that roads can have in urban areas on production in these
regions, an analysis was carried out, taking into consideration dummy variables with the
classification of municipalities according to the size of the regions: ME4 , Metropolitan
(more than 50% of the population resided in locations with more than 1 million
inhabitants), LU, large urban area (more than 50% of the population resides in locations
between 100,000 and less than 1 million inhabitants), MU, medium urban region (more
than 50% of the population lives in locations between 15,000 and less than 100,000
inhabitants), SU, semi urban (more than 50% of the population resides in locations between
2500 and less than 15,000 inhabitants), RU, Rural (more than 50% of the population lives
in locations with less than less than 2500 inhabitants), MI, mixed (populations are
distributed among the aforementioned categories with no one category accounting for more
than 50% of the population).
Likewise, the consolidation of municipal regions in macro regions were analyzed, taking
into consideration the regions defined by the INEGI for Mexico: Northwest, Northeast,
West, East, North-Central, South-Central, Southwest, and Southeast. In most cases no
results were found that were worth mentioning.

Discussions
Within a municipal region, the density of toll-free state road network (D_EL), toll state
roads (D_EC), toll-free federal (D_FL) and federal toll roads (D_FC) have a positive
influence on the total gross production of the business in said regions. Nevertheless, they
are not elements with greater influence when compared to other fixed assets, the workforce
employed, and the investments which have a greater positive influence. At the municipal
regional level, we can see that some economic sectors benefit more from the roads.
In the farming and mining sectors there is a similar behavior, as road density does not
present a statistically significant positive influence on gross production as the sectors are
more driven from the location of production centers when it comes to farming and in the
case of mining the from locations which provide Hydro resources, productive land, veins
and metal and non-metallic mineral deposits.
In contrast, the effects from road density on the retail sector's production have been able to
be determined. The greatest impact on production in municipal regions is found related to
toll-free state roads and federal toll-free roads as their use between population centers and
localities, allow access to administrative, financial, commercial, and retail services for the
inhabitants of said regions, as well as constructing a network providing access from other
federal entities without adding an excessive cost for their use.
In the case of manufacturing toll-free state roads allow a low-cost flow of consumables and
the outflow of final products to other regions in adjoining federal entities. It is under these
conditions that toll roads come to be significant, possibly from the businesses’ need to
transport their high value final products with better speed, handling, and safety.
We see the construction of high productivity clusters in key municipalities due to them
having very particular use cases thanks to their location and economic history: Tijuana in
Baja California (manufacturing sector, thanks to its proximity to the United States of
America), Guaymas in Sonora (seafood based food manufacturing and production thanks to
its port), Ciudad del Carmen in Campeche (oil exploitation), Paraiso in Tabasco (oil
exploitation), Salina Cruz in Oaxaca (oil derived industry), Mexico City (economic and
political centralization), Guadalajara in Jalisco and Monterey in Nuevo Leon
(manufacturing industry), just to name a few.
In Map 3, we can see a central/radial makeup for road density for all the roads, placing a
higher density of roads in the center of the country (with Mexico City acting as the point of
origin) and creating a horizontal path from the port region of Colima and Michoacan and
from Mexico City towards the ports of Veracruz and Tuxpan in the state of Veracruz. In a
vertical sense, one can see the construction of the path from Mexico City to the US border
which goes through Nuevo Leon. It is also worth mentioning the high-density roads in the
region of Merida, Yucatán, thanks to its proximity to the port of Progreso, and from
Reforma in Chiapas to the ports of Dos Bocas and Frontera as they go through Villa

Hermosa in Tabasco and connect with Ciudad del Carmen in Campeche. These last ones
are cities whose economic activity is related to petroleum.

5. CONCLUSIONS
The availability of road infrastructures has a positive influence on the municipal regional
economic growth by affecting production. The effects of the road infrastructure are greater
when they are made available to production agents without a fee (toll), as this allows the
creation of competitive conditions at a regional level by reducing the costs which
transportation implies, as well as the diversification in siting and diminishing further
concentration in already favored regions.
The effects of investing in road infrastructure are different depending on the economic
sector, as the farming and mining sectors are the ones which benefit the least. While the
industrial sector sees the greatest benefits.
As such, the endowment of the infrastructure should be linked with public policies and
projects which boost the expectation, economic use, and social benefit of the infrastructure
and relocate economic activity and urban development.
As for the effects of road density on other economic sectors, econometric analyses were
carried out with the three models without finding consistent or significant results worth
mentioning. Nevertheless, it is recommendable to deepen the study with another
methodology as well as extending the period to be analyzed in this current study. One
temporal study could provide elements for a greater understanding when evaluating the
relationships between the variables in the long term, especially as has been pointed out by
other authors (Jiwattanakulpaisarn et al., 2011), a study with dynamic effects could provide
relevant empirical results. As such, the integration of municipal into larger or macroregions is a line of study which is left open for future study as the methodology employed
and the data available were inadequate to properly capture these effects.
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Secretariat of Communication and Transportation

2

In 2017 a new municipality was created, bringing the total to 2,457.

3

Tl: from the original Spanish, EL=estatal libre, EC=estatal cuota, FL=federal libre,
FC=federal cuota. These abbreviations will be incorporated elsewhere throughout the
paper, at times in conjunction with Density D.
4

The municipalities used in the original Spanish were ME, UG, UM, SU, RU, and MI
respectively.

