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Abstract

This paper studies the effectiveness of transport infrastructure in promoting development in lagging regions.
Using detailed road and census data combined with a spatial general equilibrium model calibrated to Mexico,
we show that infrastructure investments in poorer areas are more effective when they enhance connectivity
to the national network and are paired with productivity improvements. Between 2004 and 2019, Mex-
ico’s southern states received over one-fourth of all new paved roads but saw limited connectivity gains,
as investments focused on low-speed, locally administered roads that primarily connected low-productivity
municipalities within states. While the national road expansion raised national real income by 1.0% and
welfare by 1.7%, the income elasticity with respect to new roads in the South was only half that of the
North. To highlight the critical role of local economic conditions in shaping these returns to new transport
infrastructure, we show that a counterfactual 2,200km highway in the South generates only one-third the
welfare gains of an equivalent highway in the North—unless accompanied by a 5.5% productivity boost.
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1. Introduction

Transport infrastructure is widely considered crucial for economic development, as it facilitates the movement
of goods and people, a fundamental requirement for economic growth (Banerjee et al., 2020). The literature
has consistently shown that well-developed infrastructure can significantly boost welfare by reducing trans-
portation costs, improving market access and trade across regions (Redding and Turner, 2015; Donaldson,
2018; Morten and Oliveira, 2018). As a result, countries invest annually between 0.5% and 5% of their GDP
in improving or expanding their internal transportation networks (OECD, 2020). Mexico is no exception.
Between 2004 and 2019, it expanded its paved roads and highway network from approximately 115,000 to
201,000 kilometers—a 75% overall increase. However, this expansion was not uniform across the coun-
try. Four southern states—a region with a long history of economic underdevelopment—accounted for more
than one-fourth of the newly constructed paved road kilometers.1 Despite these large investments, the region
remains the poorest.

In this paper, we aim to shed light on the reasons preventing southern states from fully reaping the ben-
efits of such infrastructure. We do this by combining highly detailed data on all segments of paved roads
and highways in Mexico from 2004 to 2019 with the Economic Census and a standard economic geography
model. Armed with this data and model, we show that two key factors explain this puzzle: first, the funda-
mentally different type of infrastructure built in the South; and second, the fact that it primarily connected
low-productivity municipalities within each state, rather than linking these states to the broader national net-
work and to larger, more productive markets.

We proceed in two steps. First, we characterize the location and features of new paved roads and highways
built between 2004 and 2019, and assess how they affected market access and regional connectivity. To do
this, we draw on two key data sources: the National Highways Network—a catalog of all paved road and
highway segments in Mexico produced by the Ministry of Transportation and Communications (SCT) and the
National Institute of Statistics and Geography (INEGI); and the Mexican Economic Census, also collected
by INEGI, which provides information on all establishments operating in fixed facilities across all industries,
locations, sizes, and formality statuses.

In southern states, new infrastructure was twice as likely to be low-speed, state-level, toll-free roads
compared to the rest of the country. By contrast, in northern border states fewer kilometers were built but
prioritized high-speed, federal toll highways. This disparity had distinct effects on the South’s integration.
Market access—a standard trade measure—increased by only half as much as in the North or the Baja Cali-
fornia and Yucatán peninsulas. Network centrality—an eigenvalue-based graph theory measure—fell in the
South, despite extensive road construction, reducing its relative importance in the national network.

In the second step, we employ a standard economic geography model to examine the importance of hetero-
geneous municipal characteristics in shaping the aggregate and regional effects of new infrastructure between
2004 and 2019. The model, adapted from Allen and Arkolakis (2014), features numerous municipalities with
varying levels of local amenities and productivity. These municipalities produce goods that are traded under
iceberg trade costs, which depend on the highway network and travel times. The economy is populated by
freely mobile workers who both congest municipal amenities and enhance local productivity through pos-
itive agglomeration externalities. When new infrastructure is introduced, its direct and indirect effects on
municipalities depend on the interaction between these two forces.

We calibrate the model to match the trade geography and the distributions of labor and wages across
Mexican municipalities in 2019. Our baseline calibration estimates that southern states are in average 2.5
times less productive than Mexico City but value local amenities twice as much. This rationalizes why these
states remain highly populated despite offering lower real wages. In contrast, northern states show the opposite

1Guerrero, Oaxaca, Chiapas, and Veracruz.
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pattern: their amenities are valued one-third of those in Mexico City, but their productivity matches that of
the capital. This accounts for their high wages and large, growing populations.

From the baseline calibration, we obtain three main findings. First, newly paved roads and highways
from 2004 to 2019 resulted in welfare gains of 1.7% and aggregate income gains of 1% in 2019. These
income gains are equivalent to the GDP share of states like Aguascalientes, Durango, or Morelos in that year.
However, these gains are not evenly distributed across municipalities. In fact, the distribution of real income
gains indicates a reallocation of economic activity. While municipalities above the 95th percentile of the real
income gains distribution saw their real income increase by more than 12%, those below the 5th percentile
experienced a decline of more than 2%.

Second, despite receiving the highest number of new paved road kilometers per capita and experiencing
the fastest network growth, the real income gains in the South (4.4%) were similar to those in the North
(4%)—a region with 40% fewer new roads per capita and a 10-percentage-point lower share of new kilometers
of roads (26.5% vs. 15.2%). In fact, the elasticity of real income gains with respect to new paved road
kilometers in the South was half that of the North (0.4 vs. 0.8).

Third, to shed light on the mechanisms behind the lower gains from new infrastructure in the South, we
perform a policy experiment. The experiment proposes a new 2,200-kilometer highway with an average speed
of 120 km/h to be built either in the North or the South. While in the North it would generate aggregate welfare
gains of 0.3% and aggregate real income gains of 0.18%, in the South it would generate only one-third the
welfare gains and no aggregate real income gains. In fact, to generate the same welfare gains, the highway in
the South would need to be accompanied by a 5.5% increase in productivity in all municipalities crossed by
the new road. This result highlights the importance of local productivity in shaping the economic impact of
new highways.

Together, our findings reveal that while national-level road expansion has been significant, its distribution
and impact vary substantially across regions. The uneven regional effects highlight the importance of com-
plementary conditions in shaping the benefits of infrastructure. In particular, the limited gains observed in the
South—despite greater investment—underscore the key role of local productivity in translating new roads into
stronger economic progress. Rather than discouraging infrastructure development in lagging regions, these
results point to the need for integrated policies. To unlock the full potential of transport investments in the
South, such efforts should be paired with strategies that enhance local productivity—such as attracting high-
productivity formal firms (Levy, 2018; Fentanes and Levy, 2024), facilitating skilled migration (Bryan and
Morten, 2019), establishing special economic zones (Hausmann and Rodrik, 2003), or improving governance
(Rodrik, 2004).

This paper relates to the spatial economics literature (Allen and Arkolakis, 2014; Redding, 2016; Redding
and Rossi-Hansberg, 2017). While this class of models has demonstrated the benefits of reducing trade and
commuting costs through transport infrastructure, it typically remains agnostic about the heterogeneity in the
physical and operational characteristics of the underlying transportation network. In this paper, we document
that large road networks—measured in total kilometers—do not necessarily lead to significant gains in market
integration.

Our work also relates to the literature on the effects of transport infrastructure on economic development
(Donaldson, 2018; Banerjee et al., 2020). We contribute to this literature by providing evidence that when
governments have incentives to build underperforming roads in economically lagging regions, the impact
on economic development may be limited. In addition, this paper contributes to the literature on transport
infrastructure in the context of Mexico (Dávila et al., 2002; Pérez and Sandoval, 2017; Blankespoor et al.,
2017; Busso and Fentanes, 2024). We extend this body of work by offering a detailed characterization of
newly paved roads and by examining their heterogeneous interactions with local productivity across regions.
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The rest of the paper is organized as follows. Section 2 describes the data used and presents stylized facts
about the expansion of the highway network in Mexico from 2004 to 2019. Section 3 examines the impact
of this expansion on regional network integration and discusses the empirical evidence. Section 4 outlines
and calibrates a version of the Allen and Arkolakis (2014) model. Section 5 presents our main findings and
includes a sensitivity analysis. Section 6 explores the effects of two hypothetical highways—one in the South
and one in the North of Mexico. Finally, Section 7 offers concluding remarks.

2. Data and facts

Our primary data source is the National Road Network (NRN) datasets from 2004 and 2019, produced by
the National Institute of Statistics and Geography (INEGI) and the Ministry of Communications and Trans-
portation (SCT). This digitized network is a rich geospatial dataset that maps the structure and attributes of
Mexico’s road system. For all highway segments, it provides information on jurisdiction—indicating whether
a road is under federal, state, or municipal control—as well as surface type (e.g., paved, unpaved, asphalt,
concrete), segment length, number of lanes, and maximum allowed speed (in km/h).

The NRN categorizes roads into three groups: (i) all national, state, and municipal paved highways; (ii)
all urban paved roads; and (iii) all unpaved roads. In this paper, we study changes in the first group, referring
to them interchangeably as highways or paved roads. We exclude changes in the second group (urban roads)
because our focus is on travel times across municipalities. While we do not explicitly exclude the third group
(unpaved roads), we assume they are transited at a strictly lower speed than the slowest paved road (≤30
km/h).2 We classify a paved road or highway segment as new if it appears in the 2019 network but not in
the 2004 network. To avoid misclassifying segments due to slight positional shifts between the two years, we
define a 2019 segment as new only if it falls outside a 500-meter buffer around the 2004 segments.3

Finally, the NRN allows us to compute a matrix of minimum travel times for all origin–destination pairs
across the country’s J municipalities, denoted as {Ti;j}i;j2J . Travel times between municipality centroids
(Ti;j) are calculated using the Dijkstra (1959) algorithm, which identifies the fastest path between any two
locations.4 This matrix is used throughout the paper to compute measures of market access and network
centrality, and to characterize the geography of trade costs for the 2004 and 2019 road networks.

To track changes in economic outcomes, we use the 2004 and 2019 waves of the Mexican Economic
Census at the municipal level, collected by the National Institute of Statistics and Geography (INEGI).5 As
of 2024, Mexico has 2,478 municipalities. However, for the purposes of this paper, we restrict our sample
to the 2,062 municipalities with more than 2,500 inhabitants that report salaried workers in the census.6

The census includes all establishments operating in fixed facilities, regardless of size or formality status,
and across all 6-digit industries in the North American Industry Classification System (NAICS). Tables 7
and 8 in the Appendix show the census coverage by industry and state. In 2004, the census recorded 3
million establishments and 16.2 million workers; in 2019, it recorded 4.8 million workers and 27.1 million
establishments.

2As of 2023, the approximate number of kilometers (in thousands) was 200 for paved highways, 130 for urban paved roads, and
530 for unpaved roads (INEGI-SCT, 2023).

3Positional shifts may result from digitization errors or from physical modifications to existing roads, such as realignments,
widenings, or reconstructions.

4Following Busso and Fentanes (2024), the Mexican territory is divided into 382,181 hexagons, with travel speed through each
hexagon determined by the fastest road that crosses it.

5The 2019 Economic Census reflects economic outcomes from 2018, and the 2004 census reflects those from 2003. This
information is publicly available through the Automated System of Census Information (SAIC).

6Most of the excluded municipalities are in Oaxaca, where only 250 out of 570 are retained in the sample but account for 92%
of the state’s employment. The final sample covers 99.5% of total employment in the full census.
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Figure 1. Regions and GDP per capita, 2019

(a) Regionalization of Mexico (b) GDP per capita (2019) and population (2020)

Notes: North includes Baja California (BCN), Chihuahua (CHH), Coahuila (COA), Nuevo León (NLE), Sonora (SON), and

Tamaulipas (TAM); Center-North includes Aguascalientes (AGU), Baja California Sur (BCS), Colima (COL), Durango (DUR),

Jalisco (JAL), Michoaćan (MIC), Nayarit (NAY), San Luis Potos�́ (SLP), Sinaloa (SIN), and Zacatecas (ZAC); Center includes

Mexico City (CMX), State of Mexico (MEX), Guanajuato (GUA), Hidalgo (HID), Morelos (MOR), Puebla (PUE), Querétaro

(QUE), and Tlaxcala (TLA); South includes Chiapas (CHP), Guerrero (GRO), Oaxaca (OAX), Veracruz (VER); and South-East

includes Tabasco (TAB), Campeche (CAM), Quintana Roo (ROO), and Yucatán (YUC). Panel (b) uses data from INEGI's National

Accounts 2019 and Population Census 2020. GDP per capita excludes oil. Horizontal line is national GDP per capita.

We focus on two municipal-level economic outcomes by year: total labor and average wage. Total mu-
nicipal labor is calculated as the sum of all workers reported in the census, including blue- and white-collar
workers, owners, outsourced workers, and piece-rate workers. The municipal wage is calculated in two steps.
First, we compute the average wage at the establishment level by dividing total remuneration for blue- and
white-collar workers by their headcount. We focus on this subset of workers because, unfortunately, the cen-
sus does not report remuneration for owners or family members. Second, we calculate the median wage across
establishments at the municipal level using the establishment-level wages estimated in the previous step.7

Throughout the paper, we classify the 32 federal states into the four regions de�ned by the Mexican
Central Bank in its Regional Economic Reports. Additionally, we further divide the Southern region into
South and South-East to highlight the heterogeneity in economic outcomes and infrastructure policy within
this area. The map in Figure 1a illustrates this regional classi�cation and lists the states in each group.

2.1. Geographical distribution of economic activity in 2019

Economic activity in Mexico is unevenly distributed and marked by a pronounced north-south divide. Figure
14 in the Appendix maps the share of GDP by state in 2019. Forty percent of the country's GDP was generated
in just four states: Mexico City (16%), the State of Mexico (9%), Nuevo León (8%), and Jalisco (7%).

Additionally, two regions stand out: the industrialized north (Baja California, Sonora, Chihuahua, Coahuila,
Nuevo Léon, and Tamaulipas), which borders the United States and has 22.9 million people, and the South
(Guerrero, Oaxaca, Chiapas and Veracruz), which is predominantly rural, poorer, and home to 21.2 million

7By focusing on the median, this measure remains robust to outliers. All results in the paper are robust to using residualized
wages (e.g., controlling for industry or workers education). These additional results are omitted for brevity but are available upon
request.
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people.8 While the six northern states contribute 25.1% of national GDP, the four states in the South account
for only 8.8%.

The fact that the South is similarly populated as the North but contributes a smaller share of GDP is
illustrated in Figure 1b, which plots each state's population against its GDP per capita. All southern states are
clustered below the national GDP per capita level (dashed line), while all northern states lie above it. Taken
together, northern states have a GDP per capita that is 2.6 times higher than that of the South.

2.2. Highways expansion, 2004-2019

From 2004 to 2019, a total of 86,000 kilometers of new paved roads were constructed in Mexico, increasing
the total network length from 115,000 to 201,000 kilometers—representing a 75% increase. Figure 2 illus-
trates this expansion across the country, with roads under local jurisdiction (state or municipal) shown in red
and those under federal jurisdiction in black.9 Although the federal network expanded by 20,000 kilometers,
its share of the total network declined from 40% to 33%.10

The expansion of the network, illustrated in Figure 2, was heterogeneous across states. Figure 3 maps the
share of new kilometers of roads and its correlation with the implied network size growth. All four southern
states are among those with the largest shares of new roads and the highest implied network growth rates. In
contrast, northern states exhibit the opposite pattern. This suggests that most of the new road kilometers built
between 2004 and 2019 were concentrated in states with the most underdeveloped networks.

Table 1 summarizes the distribution and growth of new road infrastructure across the �ve regions. The
south experienced the highest road network growth (120.7%) and had the highest new road construction per
capita (1.22 meters), despite having only 17.5% of the population. The center-north contributed the largest
share of new roads (30.5%), with a growth rate of 79.4% and a relatively high per capita measure (1.20 meters).
In contrast, the center, with the largest population share (38.4%), had a lower per capita road expansion (0.45
meters), indicating relatively less infrastructure investment per resident.

Table 1. New highways per region

Region
Network size Share of Population New meters
growth (%) new roads (%) share (%) per capita

North 48.2 15.7 17.6 0.74
Center-North 79.4 30.5 21.0 1.20

Center 82.6 20.7 38.4 0.45
South 120.7 25.7 17.5 1.22

South-East 41.0 7.4 5.5 1.11

Total 73.9 100 100 0.83
Notes: Population is based on data from the 2005 population survey. The total population in 2005 was 103 million. The population

shares across regions remained stable in the Population Census 2020.

8Total population in Mexico in 2020 was 126 million (Population Census).
9By law, a road falls under federal jurisdiction if it is built with federal funds, crosses multiple states, or connects to border

crossings or seaports.
10The 20,000 kilometers of new federal roads include 12,000 kilometers of newly constructed segments and 8,000 kilometers

reclassi�ed from municipal or state to federal jurisdiction.
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Figure 2. Paved roads and highways network in Mexico, 2004-2019

(a) 2004 (115,000 km) (b) 2019 (201,000 km)

Notes: The maps show the complete network of paved roads and highways in 2004 and 2019. Federal highways are highlighted in

bold black segments, while red segments represent state and municipal paved roads.

Figure 3. Expansion of the paved road and highways network, 2004-2019

(a) Share of new roads (2004-2019) (b) Corr. share of new roads and growth (2004-2019)

Notes: From 2004 to 2019, 86 thousand kilometers of new roads were built in Mexico. Table 9 in the Appendix show the exact

numbers by state.
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2.3. Types of highways

Although more than one-fourth of the 86 thousand new segments of paved roads and highways were built
in the South, the characteristics of these roads differed fundamentally from those constructed in the rest of
the country.11 Table 2 shows that the South region was consistently less likely to receive new paved roads
and highways that were under federal jurisdiction, made of concrete, had four lanes, or had speed limits
of � 80km=h, compared to the rest of the country. For instance, while the South received 20% of the
12.3 thousand kilometers of new federal roads, it received 28% of the 74 thousand kilometers of new local
(municipal and state) roads. Similarly, it received only 17% of the 19 thousand kilometers of new roads with
speed limits above 80km=h, but 29% of those with speed limits below that threshold.12 In contrast, the bias
in the characteristics of new segments was reversed in the North. Table 2 shows that the region was more
likely to receive federal highways and those with speed limits above 80km=h.

Table 2. Share of new highways by type and region

Region
Federal Concrete 4-lanes Toll � 80km

h

No Yes No Yes No Yes No Yes No Yes

North 13 21 14 12 14 17 14 13 12 20
Center-North 30 30 30 29 30 29 30 29 30 30

Center 21 25 21 38 22 28 20 42 20 28
South 28 20 27 18 27 14 27 13 29 17

South-East 8 4 8 3 8 12 8 3 9 5

All 100 100 100 100 100 100 100 100 100 100

Total in 74.0 12.3 82.8 3.5 85.2 1.2 80.3 6.0 67.4 19.0

('000 km) 86 86 86 86 86
Notes: Data corresponds to new segments built between 2004 and 2019.

Figure 4 illustrates the patterns shown in Table 2 at the state level.13 Panel 4a shows, for instance, that
Chiapas received 7.2% of all new segments under local jurisdiction but only 2.8% of those under federal
jurisdiction. In other words, relative to the national level, Chiapas was 2.5 times more likely to receive a
local segment than a federal one. Alternatively, while the national ratio of new kilometers of local to federal
segments was 6 to 1, in Chiapas it was 15 to 1.

A similar pattern is observed across all other characteristics of new segments of paved roads and highways.
Southern states appear most frequently above the 45-degree line in all panels of Figure 4, re�ecting once again
their higher likelihood of receiving local, toll-free, asphalt-surfaced roads with fewer than four lanes and speed
limits below � 80 km

h .

11Figures 15 and 16 in the Appendix show the geographical location of these new segments by characteristic.
12Table 12 shows that federal, concrete, four-lane, and toll roads and highways are positively correlated with higher top speeds.
13Table 10 in the Appendix reports the total kilometers by category, and Table 11 provides the corresponding shares shown in the

�gures.
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Figure 4. Share of Km of new highways by state and characteristics

(a) New highways by jurisdiction (b) New highways by toll status

(c) New highways by pavement material (d) New highways by number of lanes

(e) New highways by speed

Notes: In all �gures, axes show the share of total roads allocated to each state by characteristic, with x-axis characteristic and y-axis

characteristic each summing independently to 100% across states.
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3. Connectivity Gains

What were the consequences of building predominantly locally-administered, toll-free, asphalt, and less-than-
four-lane roads for the integration of the South? To answer this question, we use two approaches to measure
improvements in connectivity: market access and network centrality. These measures have the advantage
of capturing changes in connectivity resulting from both nearby and distant infrastructure, as well as from
completely new segments or improvements to existing ones.

3.1. Market access

Market access measures spatial accessibility, which refers to how easily a municipality can connect with other
markets. It assigns greater weight to nearby locations or larger economies. The market access index for
municipality i 2 J is given by:

MA i =
X

j2J;j6=i

L j

� �
i;j

; (1)

where J is the number of municipalities, Lj is the market size of municipality j measured as the number of
workers in the census, �i;j is iceberg trade cost from municipality i to j (as de�ned below in Equation 12) and
� is the elasticity which measures the sensitivity of trade �ows to trade costs. We compute MAi separately for
the Economic Censuses 2004 and 2019 keeping the market size constant at 2004 levels, therefore, attributing
all changes in market access to trade costs reductions. Following the meta estimates in Simonovska and
Waugh (2014) and Redding (2016), we set � = 4.14

Figure 5. Market access growth, 2004-2019

(a) Market access growth (b) Average market access growth by state

Notes: Market access is de�ned as in Equation 1. Market access is computed keeping market size constant in 2004 levels and letting

only the highways network change from 2004 to 2019. State-level average market access growth is the population-weighted average

across growth rates by municipality.

Figure 5 illustrates the changes in market access resulting from the construction and improvements of
highways between 2004 and 2019. Figure 5a highlights that the municipalities experiencing the greatest in-
creases in market access belong to three main groups (shown in darker shades). First, municipalities along the

14This implies that goods are highly differentiated across locations. Depending on the context, this elasticity ranges in the literature
from 4 (Head and Mayer, 2014) to 9 (Allen and Arkolakis, 2014).
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