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1. Introduction

The cost of shipping goods and transporting people over long distances by land has declined
dramatically over the last three centuries, perhaps by as much as two orders of magnitude
(Bogart, 2014, Cosar, Osotimehin, and Popov, 2024, Glaeser and Kohlhase, 2003). Lower
transport costs affect more than the price and volume of trade and travel. They also reshape
the geography of economic activity, changing where goods and services are produced,
how production is organized, and the productivity of workers and firms. This spatial
reorganization may lead to greater concentration or greater dispersion of different activities
across places, thereby creating winners and losers. In turn, these outcomes depend on how
falling transport costs alter the spatial reach and strength of agglomeration and dispersion
forces, often through multiple margins operating at once.

In this paper, we review the literature assessing the effects of transportation infrastruc-
ture on the way that people and economic activity distribute themselves across regions or
a system of cities. This literature is in three main parts: a theoretical literature; a large
empirical literature examining the relationship between transportation infrastructure and
city- or region-level outcomes; and a small empirical literature examining the relationship
between country-level measures of transportation infrastructure and country-level indices
describing the way population or economic activity is spatially distributed.

The theoretical literature makes robust predictions about how transportation infras-
tructure affects the internal structure of cities. However, theoretical predictions about how
transport costs affect the distribution of people and economic activity across a system of
cities or regions are ambiguous, and can change sign with seemingly minor changes to the
details of how transport costs enter into the model. In addition, multiple equilibria are
pervasive, and changes in transport costs affect different cities in an economy in different
ways. For systems of cities or regions, existing theory does not let us rule much out.

The city-level empirical literature focuses on estimating average treatment effects for
cities exposed to changes in their infrastructure. Such estimands are informative about the
effect of transportation infrastructure on the internal structure of cities and yield a clear
conclusion. Improved transportation infrastructure causes suburban migration, but has at
most a small impact on city population. While the city-level empirical literature is large,
the lack of a common empirical methodology, outcome measures, and treatment definitions
makes it difficult to compare results across papers. This limits our ability to make more
than qualitative comparisons of treatment effect estimates across the places, times, and
interventions that the literature has considered.

The city-level empirical literature is less helpful for understanding how transportation
infrastructure affects the observed distribution of people and activity across a system of



cities or regions. Here, transportation infrastructure may benefit some cities at the expense
of others, so average city-level treatment effects necessarily provide less insight. With
this said, this literature suggests three main conclusions. First, on average, the effect of
transportation infrastructure on city population is small. Second, improvements to national
transportation infrastructure most often (but not always) favor small remote cities. Finally,
improved transportation infrastructure almost always leads to changes in urban economies
consistent with increased specialization and cross-city trade.

We also review a small empirical literature describing the effect of transportation
infrastructure on the distribution of population across a system of cities by exploiting
cross-country differences. Despite its importance to the questions at hand, this literature
remains underdeveloped and is inconclusive.

Given space constraints, we do not review the large literature that examines the effects
of transportation infrastructure on other development outcomes beyond population and
productivity. See Foster, Gorgulu, Jain, Straub, and Vagliasindi (2026) for a meta-analysis.
Also, our review focuses on synthesizing results and their interpretation. We do not discuss
the details of parameter identification in empirical strategies and refer the interested readers
to alternative references (e.g., Redding and Turner, 2015).

2. Theory

Investigating the effect of transportation infrastructure on the distribution of economic
activity requires a general equilibrium model with at least two locations. However, a
richer geography is desirable because a new road corridor between two locations may affect
locations not directly served by this corridor. After specifying a geography, a model of ‘re-
gions’ or explicitly-modeled cities must make additional assumptions about agglomeration
forces, dispersion forces, and the mobility of goods and households within and between
locations (Duranton and Puga, 2000). Quantitative modeling frameworks account for the
interaction of agglomeration and dispersion forces in settings where goods and labor are
imperfectly mobile, and the geography comprises many locations. Purely theoretical models
based on more stylized geographies and extreme assumptions about mobility are useful for
developing intuition.

For our purposes, it is helpful to consider three types of dispersion forces. First,
there is the scarcity of land (and thus housing), as well as various other forms of local
crowding, such as traffic congestion, pollution, and contagious diseases. Crowding creates
an incentive for people to move away from the center of a city, or to a more remote city where
housing is cheaper (e.g., Alonso, 1964, Helpman, 1998). Second, the existence of an immobile
demand in some locations, perhaps attached to primary activities, requires either dispersed



production or centralized production and the costly shipment of goods (e.g., Krugman,
1991a). Third, the existence of a fixed supply of location-specific products that consumers
everywhere demand requires a dispersed labor force (e.g., Allen and Arkolakis, 2014).

Like dispersion forces, agglomeration forces may occur at different spatial scales. At
one extreme, new ideas and knowledge spillovers may affect only the location where they
are generated (e.g. Henderson, 1974, Allen and Arkolakis, 2014). At the other extreme,
ideas contribute to a global stock of knowledge that is equally available everywhere, as in
Romer (1990) (this is less interesting from a spatial perspective). An intermediate case arises
when agglomeration benefits spill over between locations, but with a spatial decay (e.g.
Beckmann, 1976, Fujita and Ogawa, 1982). For instance, benefits arising from input-output
linkages between firms often extend beyond a single location, but like other trade flows, they
decline rapidly with distance. Similarly, the benefits of a thick local labor market depend
on workers’ ability to access it. It is widely conjectured that knowledge spillovers decay
quickly over space; that the benefits of thick local labor markets may be more metropolitan,
and that input-output linkages operate over a still larger spatial scale.

Akamatsu, Mori, Osawa, and Takayama (2024) investigate the implications of disper-
sion forces and finds that they give rise to complicated comparative statics that depend
sensitively on other model details. Reductions in transport costs make it easier to exploit
economies of scale by producing in a single or a few locations and shipping this output to
remote customers. For example, when demand is tied to places, but goods can be produced
everywhere, a reduction in transport costs may lead to the concentration of economic activity
(as in Krugman, 1991a). Conversely, when the production of differentiated goods is tied
to places, and consumers demand all goods, a reduction in transport costs leads to the
dispersion of economic activity (as in Allen and Arkolakis, 2014). In this case, employment
disperses to produce more of the newly affordable varieties in peripheral locations, and
peripheral locations with cheap land become more attractive places to live as shipping goods
becomes less costly (Helpman, 1998).

Hybrid models such as Tabuchi (1998) allow different dispersion forces to operate
simultaneously. In this case, dispersion of economic activity occurs at both high and low
levels of transport costs, while concentration occurs at intermediate levels. More concretely,
in these hybrid models, lowering transport costs from a high level (e.g., from unpaved to
paved roads) may have an opposite effect on the distribution of economic activity as does a
reduction in transport costs from a low level (e.g., from paved secondary roads to multi-lane
highways).*

Even in the simple case where an improved corridor links two initially asymmetric

'Related to this, Thisse, Turner, and Ushchev (2024) find that the same non-monotone comparative statics
can also arise as a consequence of preference heterogeneity over workplace-residence location pairs.



cities, predictions about the effects of lower inter-city transport costs on the distribution
of economic activity across the two cities differ qualitatively depending on the model
assumptions. Lower transport costs may increase or decrease the population difference
between cities (in models derived from Krugman (1991a) vs. Helpman (1998)), or it may
increase the difference before decreasing it (in hybrid models). If there is a third city not
(directly) served by this corridor, the two cities served by this corridor may gain at the
expense of this third city. Theory does not allow us to rule out much. The quantitative
models we discuss below do not provide much additional guidance. These models rely
on a single set of assumptions to rationalize observed data, but do not attempt to test the
implications of one set of dispersion forces against another.

Comparative advantage and non-homothetic preferences further complicate matters.
Lower transport costs may lead to the growth of peripheral cities as the demand for their
non-agricultural products increases. Alternatively, if a region’s comparative advantage is
in agriculture, lower transport costs should imply an increase in agricultural employment
(Matsuyama, 1992). Hence, cities may expand or contract depending on their region’s
comparative advantage. In addition, when a city grows through a process of structural
transformation, its new residents may come from other cities or nearby rural areas. In the
latter case, lower transport costs can lead to population growth in all cities.

Importantly, if a reduction in transport costs increases the concentration of economic
activity, then some locations must win, and others must lose. Because the identities of win-
ners and losers are not known without further refinement of the theory, the concentration of
economic activity in response to a reduction in transportation costs requires that we consider
multiple equilibria.

This presents challenges for empirical and quantitative work. Following a shock, it
is generally impossible to distinguish a perturbation of a given equilibrium from a jump
between two equilibria. This prevents parameter identification. One approach to this
problem is to place restrictions on model parameters that preclude multiple equilibria.
Assuming away multiple equilibria is problematic for two reasons. First, this assumption
may rule out cases in which lower transportation costs increase the spatial concentration of
economic activity. Second, multiple equilibria are an important phenomenon to consider in
a spatial setting where both historical accidents and expectations affect location choices and
the resulting aggregate outcomes (Krugman, 19915, Allen and Donaldson, 2022).

Theory provides more guidance regarding the effects of lower transport costs within
cities. Reductions in transport costs (for commuters) unambiguously decentralize popula-
tion in the canonical monocentric urban model (e.g., Alonso (1964), Muth (1969), and Mills
(1967)). Such improvements include new transit lines, highways to access suburbs, etc. In
existing urban models (often in the tradition of Henderson, 1974), lower commuting costs



are usually isomorphic to an increase in productive efficiency, thereby making a city more
attractive. Here, theory offers a clear prediction. When transport improvements make it
easier to access suburbs, we expect the city to grow in extent and population. The question
in this case is about the size of the effect.

To preview what follows, we note that several of the papers described below develop
quantitative spatial models to evaluate the effects of changes to transportation infrastructure
in the context of empirically grounded geographies and economies. These papers often
describe economies that combine the agglomeration and dispersion forces described above.
To the extent that intuition from the simple examples above generalizes to these more
complicated frameworks, we expect that counterfactual changes in the economy caused by
changes in transport costs may differ qualitatively with the exact details of how dispersion
and agglomeration forces are specified. It follows that the credibility of model-based
counterfactuals should depend on the extent to which the details of how agglomeration
and dispersion forces operate can be established, as well as on how the model handles the
possibility of multiple equilibria. Simply assuming multiple equilibria away seems difficult
to defend.

3. Evidence from cross-city data

A large literature examines the effect of transportation infrastructure on cities within a
country, and many of the papers surveyed below estimate the average effect on a city from
some national intervention in the extent of the road or rail network. In particular, they often
estimate the effects of some infrastructure treatment on the mean change in log population.
This type of analysis can shed some light on the impact of national road and rail networks
on the way that people and economic activity distribute themselves across a system of cities,
but interpreting the results from this type of analysis can be difficult. The example that

follows illustrates

3.1 An example

A country consists of three cities, i = 1,2,3. We are interested in the population of
each city in three states, an untreated baseline, and two different infrastructure treat-
ments. Denote the population of the three cities in the baseline by (Y;(0),Y2(0),Y3(0)),
and in the treated cases by (Y;(1),Y2(1),Y3(1)) and (Y1(2),Y2(2),Y3(2)). Suppose that
(Y1(0),Y2(0),Y3(0)) = (1,1,10), so the country consists of two small cities and one large
one. Suppose that in the first treated case, (Y1(1),Y2(1),Y3(1)) = (2,2,8), so that the
first infrastructure intervention shifts one person from the large city to each of the small

cities. The researcher evaluates the treatment effect of the intervention on the log of city
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population, that is E(InY;(1) —InY;(0)). A little arithmetic shows that this expression
evaluates to 0.387, and so the researcher concludes that the effect of the intervention on
the population of cities is positive. In fact, the average effect is zero in levels, and the effect
of the intervention is to decentralize people from the large city to the small cities. Now
consider a second infrastructure intervention that results in (Y7(2),Y2(2),Y3(2)) = (1,1,32).
This second intervention leaves the two smaller cities untouched, but dramatically increases
the size of the initially large third city. Hence, this intervention centralizes activity in the
larger city. It turns out that F(InY;(2) — InY;(0)) also evaluates to 0.387, the same as the
first example. Thus, the researcher draws the same conclusion about both interventions.
This example is reductive, and it is unfair to at least some of the papers we survey.
However, it illustrates our point. Estimating infrastructure treatment effects on log outcomes
in cross-city data is a poor tool for learning about system-wide statistics like the extent to
which the population is or is not centralized in large cities. In fact, this example makes two
points. The first is to point out that if we think that population should be conserved when
we change transportation infrastructure, then regressions to explain the log of population
can be problematic. The second is more subtle. The effect of the treatment may be
heterogeneous. Some cities may win while others lose, and so the average effect need not be
very informative of the underlying changes and mechanics at play. Instead, examining how
summary statistics describing the distribution of city sizes change with transport costs may

be more helpful. We turn to this type of approach (and its limitations) in section 4.

3.2 Within country studies

Estimating the effects of infrastructure on a city requires addressing the possibility that the
assignment of roads to a city depends upon the outcome variable of interest, or that the
outcome and roads are both partly determined by some unobserved attribute of a place or
its people. For example, if roads are systematically assigned to places where population
growth is slowing, then we can easily underestimate the effect of roads on the growth rate
of the population. Each of the papers described below makes an effort to address these
problems. To conserve space in the discussion that follows, we implicitly, but cautiously,

accept the validity of the research designs in the surveyed papers.

Contemporary United States The development of the us interstate highway system, mainly in
the 1960s and 1970s, has been studied extensively. In early work, Chandra and Thompson
(2000) look at the effects of the interstate highway network on the rural counties that it
crosses. They find that economic activity in directly treated counties increases, but that it
decreases in adjacent counties a little further from the highway. Summing over treated and
adjacent counties, they find approximately zero effect for areas along highways. Chandra
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and Thompson also finds that employment shifts away from agriculture and retail and
toward manufacturing and other services in rural counties newly served by the interstate.

In a different setting, and looking at the effect of a reduction in transport costs within
cities, Duranton and Turner (2012) evaluate the effects of lane-miles of interstate highways
within Msa boundaries on the growth rate of Msa population between 1983 and 2003. They
tind a positive effect with a twenty-year elasticity of metropolitan population to highway
miles of about 0.1. While large relative to that of other studied interventions, the magnitude
of this elasticity remains economically small. In follow-up work, Duranton and Turner (2011)
find that a possible explanation for this small effect is that new highways do not appear to
reduce traffic congestion. This suggests the possibility that new urban highways may not
precipitate immigration because they do not much reduce commuting costs for prospective
residents.

Baum-Snow (2020) looks at the relationship between the long difference of radial
interstate rays and Msa population growth in a sample of large us Msas. He finds no
effect of highway rays on metropolitan population growth. Frye (2024) updates the analysis
Duranton and Turner (2012) using annual data and arrives at about the same conclusions
as the original paper, although the econometric models in the two papers are so different
that comparisons are difficult. Frye (2024) also shows that the marginal effect of interstate
construction falls over time as the system is built out.?

Looking at the effects of highways on the structure of cities, Baum-Snow (2007) finds
that radial interstate rays were important contributors to the decline of uUs central cities. This
finding can easily be rationalized in a standard monocentric urban model (Baum-Snow,
2007). However an alternative explanation is also possible. Brinkman and Lin (2024)
argue that highways in central cities are an important disamenity. Therefore, while it
is unambiguous that people leave central cities with the arrival of interstate highways, it
remains unclear the extent to which they are moving away from central city highways or
moving towards newly accessible suburban land. Resolving this uncertainty has important
consequences for the welfare evaluation of urban highways. A reduction in transport costs
is unambiguously good. A central city disamentity is not. Moreover, a central city highway
disamenity may have important distributive implications. The benefits from highways are
concentrated in (white) suburban areas and costs in (black) central cities (Bagagli, 20234,

2We leave aside the literature on the effects of transit projects. This rich literature would take us even
further beyond our assigned word limit. It would also force us to go into more granular considerations about
the internal structure of cities, which is beyond our scope here.



Weiwu, 2025).3

Turning to trade and the composition of economic activity, Duranton, Morrow, and
Turner (2014) find no effect of metropolitan area lane-miles of interstate highways on the
value of inter-metropolitan area trade, although the composition of trade shifts towards
goods for which transport costs are a larger share of their value. Michaels (2008) uses a
research design similar to Chandra and Thompson (2000), and finds that rural counties
served by the interstate tended to become more specialized in skilled work if they were
already specialized in skilled work before the arrival of the interstate. Similarly, counties
that specialized in unskilled work also became more specialized. That is, the development
of nearby highways appears to have allowed rural counties to exploit their comparative
advantage more completely.

Following Allen and Arkolakis (2014), a body of work, sometimes referred to as regional
quantitative spatial models (Qsms), attempts a general equilibrium evaluation of the effects
of the interstate highway system. Allen and Arkolakis (2014) propose a general equilibrium
model of cities facing both local crowding costs and agglomeration economies, when each
city trades with all others in an Armington framework (where each city produces its own
set of differentiated goods). After estimating the parameters of their model, Allen and
Arkolakis simulate the effects of removing the Us interstate highway system. Comparing this
counterfactual to the realized equilibrium allows the calculation of the economic benetfits of
the system. Allen and Arkolakis find that the interstate highway system increases welfare
by 1.1 to 1.4%. This magnitude implies that the returns to building the current highway
system in the us are large, perhaps 50%. On the other hand, output growth in the us over
long period is about 2% per year (Jones, 2016), so the us highway system is equivalent to
just under a year of economic progress.

Bartelme (2018) and Jaworski, Kitchens, and Nigai (2023) both build on Allen and Arko-
lakis. Jaworski et al. (2023) extends Allen and Arkolakis to consider congestion, input-output
linkages, and access to foreign goods through ports. This leads to estimates of the welfare
gains of the Us interstate system that range from 2.6% to 3.6% of Gpr, two to three times
larger than Allen and Arkolakis (2014). Much of the difference between these higher coun-
terfactual estimates and those of Allen and Arkolakis (2014) reflects reduced congestion,
more important input-output linkages, and cheaper access to foreign goods. Jaworski et al.
(2023) show that the value of individual highway segments is highly heterogeneous and

depends in part on the existence of substitute routes. Finally, like Michaels (2008) and

3Income matters when choosing location. Depending on the balance between the income elasticity of
the demand for land and the income elasticity of commuting costs, rich residents live either centrally, as in
Europe, or in the suburbs, as in the us. For the case of Switzerland, Fretz, Parchet, and Robert-Nicoud (2022)
find that improved city transportation infrastructure changes this balance and with it, changes patterns of
income sorting.



Duranton et al. (2014), Jaworski et al. argue that the lower transport costs provided by the us
interstate system allow regions to better exploit their comparative advantage.

Agrawal, Galasso, and Oettl (2017) also find that the development of the us interstate
system also led to an increase in innovation (measured through patents) in the metropolitan
areas that were allocated more highways. They argue that this occurs because highways
increase the flow of knowledge, either because inventors travel at lower cost or because
flows of knowledge are associated with flows of goods.

In sum, the available cross-city evidence, whether reduced-form or model-based, does
not suggest that the interstate precipitated an economically important shift of people to-
wards or away from bigger cities. On the contrary, apart from a clear effect on suburban-
ization, the interstate highway system probably did not have a big effect on how people
were distributed across cities. The evidence about the effect of the interstate system on
economic activity and intercity trade is more nuanced. Model-based evidence suggests that
the benefits of the interstate on economic activity were greater than its costs. However,
this increase was small relative to both the growth rate and to our ability to detect it in
reduced-form analyses. On the other hand, both reduced-form and model-based evidence
indicate that the interstate highway system facilitated greater specialization in cities along

intuitive dimensions.

Historical United States The construction of the us rail network in the second part of the
19th century was likely as important an innovation as was the mid-2oth century interstate
highway network, and has attracted almost as much attention from researchers. Atack,
Haines, and Margo (2011) consider a panel of us counties from 1840-60 and estimate the
change in county land rent that resulted from the presence of a rail line in the county. They
find that the presence of a rail line increases the value of county agricultural land by 4-7%.
Atack et al. (2011) consider a panel of us counties from 1850-70 and examine how railroads
contributed to the spread of factory-based, as opposed to artisanal, manufacturing. They
find that the presence of a rail line in a county leads to an increase in the factory share of all
manufacturing of 5-7% on a base of about 8-10%.

Donaldson and Hornbeck (2016) also investigate the 1870-9o change in county mean
agricultural land rent and population as a function of change in railroad access. Unlike
Atack et al. (2011) and Atack and Margo (2011), they measure changes in rail access using
changes in market access, loosely, the inverse distance weighted sum of other counties’
populations (the details derive from a trade model). They then perform log-log regressions
to recover the market access elasticities of agricultural land rent and population. They
estimate that the market access elasticity of land rent is around 0.5 and that the market



access elasticity of population is 0.26.# Overall, they find that us railroads increased
late-19th-century us Gpr by about 3.2%, about 20% above the estimates of Fogel (1964)
that Donaldson and Hornbeck (2016) replicate. The difference between the two reflects the
absence of general equilibrium effects from Fogel’s social savings calculation.

Nagy (2023) extends Donaldson and Hornbeck (2016) to consider the effect of 19th-
century railroads on the development of manufacturing and city formation. He shows
that us railroads led to a large westward shift of the us population, accompanied by rapid
urbanization and the formation of new cities along trade routes. The us West, initially close
to empty, became about as populated as the South or the East. Nagy’s model also implies
that many large East Coast cities benefited from the development of railroads. For instance,
New York would have been 17% smaller in 1860 in the absence of railroads. Overall, he
finds that the us economy is 5.1% larger in 1860 than it would have been in the absence of
railroads.

In another extension of Donaldson and Hornbeck (2016), Hornbeck and Rotemberg
(2024) leverage newly assembled microdata for manufacturing plants over the latter part of
the 19th century and find that a one-standard-deviation increase in market access (or about
24% better market access) leads to a 20% increase in measured manufacturing productivity
with similar increases in capital investment and the wage bill. Hornbeck and Rotemberg
(2024) also make the important point that in a distorted (second-best) economy, changes
in land values, as used by Atack et al. (2011) and Donaldson and Hornbeck (2016) do not
capture the full value of the impact of railroads. Even in the absence of reallocation to more
productive sectors or a reduction in the wedges that cause the distortions, Hornbeck and
Rotemberg (2024) find much larger economic gains from railroads relative to Donaldson and
Hornbeck (2016) by summing gains from land value changes and local productivity gains
not capitalized in land values. They argue that the aggregate productivity effect of railroads
was about 25% at the end of the 19th century — a very large number.

Comparing estimates of the effects of the 19th-century railroad to those of the mid-2oth-

4 It is possible, but difficult to compare the magnitude of the treatment effects estimated by Atack et al.
(2011) with those estimated by Donaldson and Hornbeck (2016). Using the replication files for Donaldson and
Hornbeck, we calculate that the mean and standard deviation of the market access variable in the regressions
reported in column 1 of their tables 1 and 5 (MA_cost90) are about ;1 =~ 107 and o ~ 5.1 x 10°. Thus, a one
standard deviation change around the mean is about a 50% change. Multiplying by their estimated elasticities,
this means that a one standard deviation increase in market access involves about a 50% increase in the market
access variable, and hence a 15- 25% increase in agricultural land rent. Atack et al. (2011) report that about
70% of their sample counties are treated with a rail line, and so a standard deviation of treatment is about
0.46. Multiplying by their estimate of the semi-elasticity of land rent, we have that a one standard deviation
change in treatment causes about a 2 — 3.5% increase in land rent. Thus, the estimated effect of rail access
in Donaldson and Hornbeck is about eight times as large as in Atack ef al. (2011). It seems unlikely that this
change reflects a change in fundamentals during the short time between their two samples, particularly given
that infrastructure was relatively scarce in the earlier period. Given this, the large difference between the two
estimates is puzzling.

10



century interstate network suggests that the expansion of the railroad had a larger effect on
urbanization, the distribution of economic activity, and output growth than did the late
2oth-century interstate highways. We offer four hypotheses about why this might be the
case.

First, a rough comparison of the costs of building the us interstate highways and
railroads suggests that the us interstate highway system, at about 590 billion (2010) dollars
(Allen and Arkolakis, 2014, Turner, Mehrotra, and Uribe, 2023), cost about twice as much
as the railroads (Association of American Railroads. Bureau of Railway Economics, 1912).
However, us Gpr in the earlier period was a much smaller fraction of modern Gpr, and so the
railroads represented a bigger increment to the aggregate capital stock than did the interstate
highway network. Hence, we should not be surprised that they have a bigger effect. Second,
the larger effects of 1gth-century railroads may reflect the fact that the railroads caused a
relatively larger decrease in trade costs. Third, even if the railroads and the interstate had
caused similar reductions in trade cost, the late 19th century us economy was more reliant
on extractive sectors, and transport costs are relatively more important for these sectors.
Finally, railroads may also have played an essential role in reducing the cost of migrating
across a continent that was already well settled when the interstate highway system was

constructed.

India  Ghani, Grover Goswami, and Kerr (2016) examine the effects of the “Golden Quadri-
lateral” highway network in India. This four-lane highway was developed in the early 2000s
and upgraded about 6,000 kilometers of roads. The Golden Quadrilateral connects India’s
four largest cities and approximately circles the country. Ghani et al. look at changes in
output in a sample of about 300 districts. This is only about half of all Indian districts, but
they contain almost all Indian manufacturing plants, employment, and output. For districts
within 10 kilometers of the highway (and not one of the nodal districts around which
the network is organized) the mean number of manufacturing plants increases by about
40%. The increase in output is similar. Point estimates for the increase in manufacturing
employment are about half as large, but are not statistically different from zero. Together,
these results indicate an increase in manufacturing productivity, and Ghani ef al. confirm
that this did occur. There are no measurable effects on districts further from the highway.
Ghani et al. also find that the manufacturing plants, employment, and output more than
tripled in nodal cities over this time. This effect should probably not be taken as causal;

nodal cities may have been selected, at least partly on the basis of anticipated rates of
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growth.

Asher and Novosad (2020) study the impact of the arrival of a paved road in a sample
of about 11,000 small villages in India between 2001 and 2014. They find that, during the
about four years after the arrival of a road, villagers shift out of agriculture and toward
manufacturing, but that there is no evidence of an increase in consumption levels or the
overall employment rate. In a related paper, Adukia, Asher, and Novosad (2020) look at the
effect of the arrival of paved roads, provided by the same program as considered in their
other paper, and find that children stay in school longer and perform better on standardized
tests with the arrival of a paved road. They argue that this occurs because the arrival of a
paved road increases the return to human capital accumulation.®

Donaldson (2018) studies the expansion of the Indian railroad network from 1870 to
1930 on a sample of 192 Indian districts. Among other things, he finds that real agricultural
incomes in Indian districts containing a railroad line were about 17% higher than those
without. In follow-up work, Fenske, Kala, and Wei (2023) find large effects of improved
market access on urban population growth with elasticities of urban population with respect
to market access of 0.4-0.6 with oLs and 1-1.4 when instrumenting market access following
the same sort of least-cost path strategy as Faber (2014). Comparing Donaldson (2018)
and Ghani et al. (2016), we see that, as for the us, the effects of historical railroads are
probably larger than those of contemporary highways. This supports the hypothesis that

transportation infrastructure is more valuable when it is scarcer.

Africa Following Duranton and Turner (2012), Brandily and Rauch (2024) evaluate the
effects of the density of city roads on city population growth over 15 years for a large
sample of African cities. They find that an extra kilometer of road density in the center
(about a 15% increase at the sample mean) leads to an additional population growth of
about 0.5% per year. Extrapolating, this gives about a 10% increase over twenty years, about
half the size of the effect that Duranton and Turner (2012) estimate for the us. We suspect
that this difference arises because Brandily and Rauch consider all roads, while Duranton
and Turner restrict attention to highways, and highways likely play a more important role

in the economy.

5Using a quantitative spatial model in the spirit of Donaldson and Hornbeck (2016), Alder (2025) confirms
that the Golden Quadrilateral project led to sizable, but unequal, welfare gains in India. Using another
quantifiable general equilibrium model of trade for Indian districts, Bonadio (2024) considers both road and
port infrastructure and estimates important complementarities between the two.

®We note that this type of analysis is neither about the effects of a large infrastructure to foster mobility
within cities, as in Baum-Snow (2007) or Duranton and Turner (2012), nor of the sort of general equilibrium
analysis of a full economy, as in Allen and Arkolakis (2014) and their followers. Instead, it considers the effects
of rural roads on small villages, for which the road lowers the cost of exporting agricultural goods, and, more
generally, opens a door to the outside world.
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Storeygard (2016) considers a sample of small cities in 15 countries in Sub-Saharan
Africa between 1992 and 2008. Using lights at night to measure the level of economic activity
in each of 289 small cities, he finds that these hinterland cities grow as transport costs fall.
Because Storeygard’s outcome is lights, the magnitude of the effect is difficult to interpret.

Jedwab and Moradi (2016) study the impact of railroad construction on the economic
geography of Ghana from 1900 until 1931. After dividing Ghana into an eleven-kilometer
square grid, they find that grid cells served by the railroad experience about a 0.5 standard
deviation increase in cash crop production and urban population during the 1900 to 1931
period when the railroad was constructed. Because Jedwab and Moradi normalize their
data, coefficient magnitudes are difficult to compare with other studies. Jedwab and Moradi
do not separate their sample into central and remote cells. However, early 2oth-century
Ghana was largely rural, so it probably makes sense to interpret these results as describing
the effects of railroads on hinterlands. In this case, the railroad in Ghana leads to an
expansion of cash crop production and urban population in places that were mainly in
the hinterland along the railroad.

Jedwab, Kerby, and Moradi (2017) analyze the effects of the development of a major
railroad line from Kenya’s major port city, Mombasa, deep inland to Lake Victoria. They
examine the persistence of the settlement patterns that emerged after this railroad was
developed. They consider three major shocks: the departure of the European settlers, the
later departure of Asian settlers, and finally, the continuous decline in service along the line.
Despite the disappearance of these three pillars of the initial equilibrium, the distribution of
the population, including its concentration along the historical railroad line, barely changed.
They argue that this persistence was driven by better initial infrastructure and public good
provision along the historical railroad and by expectations that these places would persist.
These findings are reminiscent of those of Bleakley and Lin (2012), who document the
persistence of cities along the us fall line well after the disappearance of portage. While
the evidence about how much growth transportation infrastructure generates, and where
this growth occurs, is open to debate, the persistence of the places that develop on the back
of this infrastructure is beyond doubt.”

Jedwab and Storeygard (2022) is based on a sample of about 3,000 cities in 42 Sub-
Saharan African countries, where each city has a population above 10,000 at some point
between 1960 and 2000. They consider changes in market access that arise because of
improvements in the road network over this period. They estimate a thirty-year popula-
tion elasticity of market access of about o.1. They also find that access to international

7Although we do not emphasize this aspect in the rest of this review, the persistence of road and rail
infrastructure is a key feature. See, for instance, Garcia-Lépez, Holl, and Viladecans-Marsal (2015) for the
persistence of Roman and 16th-century roads in Spain or Volpe-Martincus, Carballo, and Cusolito (2012) and
Barsanetti (2021) for the same persistence with respect to pre-Columbian trails.
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markets is important for population growth, and they present suggestive evidence that
urban population growth was driven by rural-urban migration. Their instrumental-variable
estimates are much smaller than what Donaldson and Hornbeck (2016) estimate. Jedwab
and Storeygard (2022) attribute these small effects to ethnic barriers and stagnant economies.
Jedwab and Storeygard (2022) also estimate heterogeneous effects for different groups of
cities. Although these results are less robust than their other findings, they suggest larger
effects of an increase in market access for; smaller cities, cities located in less fertile regions,

port cities, and cities that are not politically favored.

China and the rest of Asia Shortly after the economic reforms of the early 1990s, China
began to construct a national highway network, the “5-7” network (five north-south roads
and seven east-west roads) connecting many of the largest and medium-sized cities. A series
of papers studies the effects of this network: Faber (2014), Baum-Snow, Brandt, Henderson,
Turner, and Zhang (2017), Baum-Snow, Henderson, Turner, Zhang, and Brandt (2020), and
Banerjee, Duflo, and Qian (2020).8

Faber (2014) studies the effects of the national highway system on small Chinese cities,
those that are not at nodes of the network, and finds that from 1997 to 2006 small cities saw
decreases in economic output and no change in population as a consequence of proximity
to the 5-7 highway network. The finding of a negative effect for a specific group of cities,
for which the treatment was arguably exogenous, stands out and is consistent with the
predictions of models where lower transport costs increase the concentration of economic
activity, as in Krugman (19914).7

Baum-Snow et al. (2020) also study the effects of the 5-7 highway network. They find
that, on average, more highway miles within 450 kilometers of a prefectural city causes
a decrease in city population and wages. This average masks important heterogeneity.
Regional centers gain, and smaller cities lose. Thus, Baum-Snow et al. (2020) suggest that
the 5-7 network favored larger cities at the expense of smaller ones, consistent with Faber
(2014). Baum-Snow et al. (2017) is complementary. It shows that, on average, over all Chinese
prefectural cities, new radial highways shifted population and production from the centers
of Chinese cities to their peripheries. In all, the 5-7 highway network favored the suburbs of

large cities at the expense of smaller cities and central cities.

8There is also a large literature devoted to studying the effects of high-speed trains. See, for instance, Cheng
and Chen (2022) for a meta-analysis and references for high-speed train projects around the world. A difficulty
with this literature is that it is less directly connected with the theoretical frameworks discussed above, and it
often focuses on outcomes that are only indirectly related to the process of spatial equilibrium.

9China is a clear outlier among the regions studied. We suspect that this may reflect the fact that China
began building infrastructure as part of the economic reforms that began around 1990. So the initial state of
the Chinese economy reflected a Mao-era policy of provincial autarchy.
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In Indonesia, Gertler, Gonzalez-Navarro, Gracner, and Rothenberg (2024) look at the
effect of improvements to road quality on the rural villages that they serve. They find
no effect on village population, but measurable increases in village wages, rents, and
consumption.

Economic activity in Japan has increasingly concentrated around Tokyo with the con-
struction of high-speed trains and highways throughout the country (Akamatsu et al., 2024),
and as a result, these trains have been a focus of research. As for China, much of the research
on the effect of high-speed trains in Japan is beyond the scope of our review. However, we
flag the work of Hayakawa, Koster, Tabuchi, and Thisse (2021), who develops a quantitative
spatial model of Japan with migration, commuting, and firm linkages. In counterfactual
analysis, they find that the Shinkansen has increased welfare by about 5%. The smaller cities
served by the Shinkansen have gained up to 30% employment, while the largest cities have
lost a modest amount. Most of these effects occur through strengthened linkages between
firms in their model.

There is an apparent conflict between the observed increase in the concentration of
economic activity around Tokyo, documented by (Akamatsu et al., 2024), and the prediction
by Hayakawa et al. (2021) that major transportation infrastructure will disperse economic
activity. This divergence can be explained by the existence of other forces pushing towards
concentration. Alternatively, this tension may simply reflect implications of the Hayakawa
et al. modeling framework. In their model, lower transport costs imply a dispersion of

economic activity when the equilibrium is unique.™

Latin America Following the approach of Atack et al. (2011), Bird and Straub (2020) study
the effect of Brazilian intercity road expansion after the establishment of Brasilia as the new
capital. They find large increases in population and output associated with better road
access. Consistent with the results for China, these positive effects are particularly large for
established (larger) cities and weaker elsewhere.**

Morten and Oliveira (2024) consider the effects of the construction of the same road
network in Brazil as Bird and Straub (2020) but focus on migration patterns between
Brazilian states. They find that state-to-state migration is sensitive to reductions in travel
costs. Although long-distance travel is arguably mostly about trading goods, changes in

°Cases where a decline in transport costs leads to an increase in spatial concentration also generally imply
a multiplicity of equilibria as the identity of the winner(s) and loser(s) is not clear in absence of further
refinements.

T Although he studies a different type of infrastructure (rail) and focuses on an earlier period of Brazilian
development (the second part of the 19th century), Barsanetti (2023) points to an intriguing explanation for this
type of finding. Endpoint cities of intercity transportation infrastructure appear to benefit disproportionately
from their status. To estimate this type of effect, Barsanetti (2023) uses the fact that endpoints change over time
following the expansion of the infrastructure network.
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trade patterns that follow corridor improvements also require some factor adjustments,
including labor. Lower costs of travel along important corridors appear to facilitate such
adjustments through increased migration flows. Morten and Oliveira (2024) estimate that
one quarter of the welfare benefits of this road project follows from lower migration costs.
These results are confirmed by Pellegrina and Sotelo (2025), who study migration in Brazil
and find that the expansion of the road network is a key driver. The fact that inter-city
transportation infrastructure lowers the cost of migration could be an important, and often
neglected, mechanism behind some of the results described so far.

Roads also appear to facilitate the circulation of ideas, as in the us (Agrawal et al., 2017).
Américo (2024) finds that European textile technology spread more rapidly to places close
to the railroad than to those away from it in Brazil during the end of the 19th and early 20th
centuries.

In work about rural access, Brooks and Donovan (2020) study the effects of the construc-
tion of bridges in Nicaragua. In contrast to Asher and Novosad (2020) for roads accessing
rural villages in India, they find a large impact of bridges on labor income: +18%.

Fajgelbaum and Redding (2022) look at how population growth in Argentine districts
between 1869 and 1914 is affected by the presence of railroad tracks in the district. Over the
course of this period, they find that the population growth rate is 65% higher in districts
with a railroad. They also find that locations with good access to international trade also
grew as the cost of transatlantic trade declined. Interestingly, they find that these locations
also specialized in the production of manufacturing goods, particularly those that are more
tradable.

In a replication of Duranton et al. (2014) for Colombia, Duranton (2015) finds that more
urban roads lead to more exports, both in value and in weight, and not only in weight as the
original paper. In another study for Colombia looking at the expansion of major intercity
roads, Baldomero-Quintana (2025) also finds that these improved corridors gave cities and
regions along this corridor a comparative advantage in transport-intensive goods. See also
Volpe-Martincus et al. (2012) for related findings for Peru.

Also working with Colombian data, Allen, Atkin, Cantillo Cleves, and Herndndez
(2025) make an important point about the mapping of “remoteness” into transport costs, one
that they dub the “triple curse of remoteness”. With worse roads, not only is the marginal
cost of distance higher, but competition declines with trade volume, and shipping is con-
ducted by worse providers. These last two effects magnify the cost of distance. This finding
echoes earlier research by Combes and Lafourcade (2005) who show that the liberalization
of the transportation sector explains most of the decline in shipping costs in France between
1978 and 1998. The large simultaneous expansion of the French road network played only

a minor role. Although we focus on the role of physical transportation infrastructure in
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this review, these papers point out the importance of regulation and competition in the

transportation sector for transport costs.'*

Europe Perhaps because European countries are smaller than most of the countries dis-
cussed so far, less research has been conducted on European countries.

Cosar, Demir, Ghose, and Young (2022) look at the effect of the 2005-15 expansion
of the Turkish road network on economic activity in Turkish districts (9ooo people on
average). They find no effect on district population, but employment and trade increase
with better connections to the road network. Bagagli (2023b) studies the development of the
Italian highway system after World War II. It led to structural transformation and changes
in employment specialization with a decline in traditional sectors of employment and the
emergence of new sectors. Nonetheless, she finds no evidence of overall population growth
for these cities.

While there is ample evidence showing that improved transportation infrastructure
affects trade between cities and regions and their specialization, it may also affect production
in more subtle ways. For example, transportation infrastructure can affect the geography
of firms and the functional specialization of places (Duranton and Puga, 2005). Similarly,
Charnoz, Lelarge, and Trevien (2018) study French high-speed trains to show that the
greater accessibility from Paris of many parts of France led firms to concentrate managerial
functions in Paris once executives could more easily monitor remote production sites.

As part of a long-running research agenda, Dan Bogart and coauthors have built an
impressive dataset of transport costs within England and Wales. In Alvarez-Palau, Bogart,
Satchell, and Shaw-Taylor (2025), they document a large decline of land transport costs
of about 75% between 1680 and 1830, before the expansion of railroads. Using the same
framework as Donaldson and Hornbeck (2016), they argue that such a decline benefited
inland cities that would have otherwise been 20 to 25% less populated. These effects
persisted until at least the early 20th century.

Bogart, You, Alvarez-Palau, Satchell, and Shaw-Taylor (2022) look at the subsequent
period and the advent of railroads. Localities with a railroad station in 1851 were larger and
less specialized in agriculture by 1891. The differential in population growth is about 0.9%
annually — a large effect. Bogart et al. (2022) also document that such effects were stronger for
initially denser localities. In all, 19th-century railroads accelerated the divergence between

cities in England and Wales.

"2The rising cost of providing transportation infrastructure in the us has spurred the emergence of new
research on the effects of procurement practices (Currier, 2026). We hope future research will address these
issues in developing countries (Liscow, Slattery, and Nober, 2026), focusing on city-level outcomes and linking
to the literature on infrastructure finance.
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Santamaria (2025) uses the division of Germany to assess how highway networks can
be, at least in part, reshaped to mitigate the loss of access to the Eastern part of the country
and reorient trade towards the rest of Europe. She concludes that relative to an optimal
network, the redesigned expansion after 1950 was able to capture about half the possible
gains. While much of the literature surveyed so far is (rightly) preoccupied with assessing
the effect of an exogenously decided and placed highway or train line, it is also important
for policy to have a sense of what an optimal network looks like (Fajgelbaum and Schaal,

2020).

3.3 Summary of cross-city data

Table 1 summarizes the results of papers using disaggregated data to analyze the effect of
changes to road or rail infrastructure on city or regional; population, employment, output,
or some closely related measure. The top panel reports on model-based/Qsm results, and
the bottom panel reports on reduced form results. Having constructed this table, we are
struck by the difficulty of drawing general conclusions from this collection of papers. With
that said, we note five patterns in these results.

First, the Qsm papers are relatively easy to compare to one another. They share a similar
structure and generally present counterfactual results predicting the effect of changes to
infrastructure on real income or Gpr.

Second, the results of the QsM papers suggest a pattern; models that permit more
margins of adjustment predict larger effects from changes in transportation costs. Com-
paring the top four papers in the top panel, Fogel (1964),Donaldson and Hornbeck (2016),
Nagy (2023), and Hornbeck and Rotemberg (2024), we see that they each consider the same
time period, environment, and comparative static. As we go down the list, both predicted
effect size increases with model complexity. We see the same pattern when we compare
Allen and Arkolakis (2014) and Jaworski et al. (2023). The second model, with the larger
effect of removing the Interstate Highway system, allows for transportation costs to affect
international trade, while the first does not.

Because not every model can (or should) allow for every margin of response to changes
in infrastructure, this suggests the usefulness of considering a series of generalizations to a
benchmark model in order to evaluate which additional margins are likely to move model
results, and hence require more consistent attention from researchers.

Third, we would like to be able to use the reduced form literature to make statements
like, “the effects of roads are larger in poorer countries or when they are scarcer”, or “the
estimated effects of roads on city level population growth look like an outlier in Country
A”. However, the literature does not support these sorts of statements. The problem is

two-fold. First, each study chooses outcomes and samples on the basis of convenience, and
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hence, there is little consistency across papers. Second, there is no consistent methodology
across studies (as there is in QsM papers). Thus, even when samples and outcomes are
comparable, meaningful cross-study comparisons are difficult at best, e.g., see footnote 4.
This suggests the importance of including a table of simple, standardized results in the
appendix. We propose that these results include ors and 1v estimations of whichever of a
small list of variables is feasible; population, employment, wage, and land rent, in minimal
specifications including standard measures of infrastructure access; a binary measure for
whether it is present, a measure of distance to roads or rail, and a reduced form measure
of market access. Such results will facilitate the comparison of estimations across studies
and provide a basis for evaluating the importance of idiosyncratic econometric technique
for each study’s results.

Fourth, among the reduced form results, estimates for the effects of market access are
usually larger than those for measures of density or proximity to infrastructure (with the
caveat that actual effect sizes also depend on the amount of variation in treatment variables).
This observation is consistent with two possibilities. First, that available 1v strategies are
less effective at resolving endogeneity problems that arise with market access variables
than with other measures of infrastructure access. Second, that market access measures
the changes in the economic environment more precisely than reduced form measures, and
so, appropriately, has a larger estimated effect.

We do not know how to settle this issue, but we raise two related points. First,
Baum-Snow et al. (2020) carefully enumerate the problems that a variable must overcome to
satisfy the exclusion restriction as an instrument for market access, and these problems seem
difficult to resolve. Second, many of the reduced form papers are relatively old, and so their
results do not reflect recent improvements in econometric methods, e.g., Roth, Sant’Anna,
Bilinski, and Poe (2023), Kitagawa (2015) (or Mourifié and Wan (2017)) and Borusyak and
Hull (2023). The wholesale re-estimation of these papers with standardized outcomes and
consistent, up-to-date methods would be an important contribution.

Fifth and finally, the reduced form results usually (but not always) reject the hypothesis
of a zero effect on the growth of output or population, but it is difficult to develop much
intuition about the size of these effects. Duranton and Turner (2012) compare their estimated
effect of interstate miles on population growth with comparable estimates for the effects of
good weather, dynamic externalities, and human capital, and conclude that they are about
the same size. On the other hand, comparing the estimated effect of rail access on farm
values from Atack et al. (2011), with the effects of sewers on urban land values in Coury,
Kitagawa, Shertzer, and Turner (2024) suggests that the effect of sewers is dramatically
larger than that of highways. The difficult and inconclusive nature of these comparisons
is, in part, a consequence of the inconsistent methods across papers in this literature. Not
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Table 1: Summary of within-country analyses of city-level data

Paper Time Region/Country Treatment Output type Effect size Elasticity comment
Model Based Results
Fogel (1964) 1890 us Remove Railroads Ag. GDP 2.7% No
Donaldson and Hornbeck (2016) 1890 us Remove Railroads Ag. GNP 3.2% No
Nagy (2023) 1860 us Remove Railroads Ag. GDP 5.1% No
Hornbeck and Rotemberg (2024) 1890 us Remove Railroads Ag. GDP 5.5% No
Allen and Arkolakis (2014) 2000 us Remove Interstate Mean Real Income p.p. 1.1-1.4% No
Jaworski et al. (2023) 2012 us Remove Interstate Ag. GDP 2.6-3.6% No
Cosar et al. (2022) 2005 Turkey Upgrade Highways Mean Real Income p.p. 3% No
Reduced Form Results
Brandily and Rauch (2024) 2000-2015  Africa Central road density Pop. 1 km of central road = No
7% increase in pop/15
years
Jedwab and Storeygard (2022) 1960-2010  Africa City market access Pop. 10% increase in Market Yes
Access = 0.8-1.3% in-
crease in pop./30 years
Baum-Snow et al. (2020) 2010 China Regional highway miles GDP/Pop/GDP growth. City outcomes decrease Yes Average effects over all
with  regional highway prefectural cities.
miles
Fenske et al. (2023) 1881-1931 India City market access Pop. [0.6,1.4] Yes
Fenske et al. (2023) 1881-1931 India City distance to rail Pop. [—0.02, = 0.2] Yes
Ghani et al. (2016) 1994-2010 India Highway near district District A wage, output/worker 0.20,0.16 Semi
Cosar et al. (2022) 2005 Turkey A Market access Emp., Pop. —24, -08 No Travel time index is like
inverse Market Access, so
faster travel increases em-
ployment and population
Bogart et al. (2022) 1821-1891 UK Proximity to 1851 train station ~ Aln(Popige1 / Popigs1) 0.96 Semi
Chandra and Thompson (2000) ~ 1969-1993 US Interstate in county County Ag. Wages ~0 No Rural counties only
Duranton and Turner (2012) 1983-2003 Us MSA Interstate lane-miles Aln(Empaoos/ Empioss) 0.15 Yes 20-year elasticity of metro
population  growth to
highway miles
Baum-Snow (2020) 1950-2000 Us Interstate rays MSA Emp.,Pop. ~0,~0 No
Atack et al. (2011) 1850-1860 Us Railroad in county County Mean farm value [0.07,0.13] Semi
Donaldson and Hornbeck (2016) 1870-1890 us Market access Pop, Value of Ag. Land 0.3,0.5 Yes
Asher and Novosad (2020) 2000-2014 India Road to village Village mean consumption ~0 No
Faber (2014) 1997-2006 China Highway in prefecture Prefecture Gross Value Added, Pop —0.27,~0 Yes Peripheral prefectures
only.
Donaldson (2018) 1870-1930 India Railroad in district Real agricultural incomes 0.16 Semi
Gertler et al. (2024) 1990-2007 Indonesia Road quality Village mean wages, consumption, population 0.08,0.12,~ 0 Yes Intervention is road qual-
ity and so is difficult to
compare to other studies.
Hornbeck and Rotemberg (2024) 1860-1890 Us Market access Log county productivity 0.20 Yes
Jedwab and Moradi (2016) 1900-1931 Ghana Binary rail access Pop., Cash Crops + + No normalized variables so
effect sizes impossible
Jedwab et al. (2017) 1901-1961 Kenya Binary rail access Pop., Cash crops ++ No normalized variables so
effect sizes impossible
Banerjee et al. (2020) 1986-2003 China Prefecture distance to rail GDP, GDP growth 07, ~0 Yes
Bird and Straub (2020) 1960-2010 Brazil Travel time to state capital Pop. -2.1 Yes

only are the results in these papers hard to compare to each other, they are also hard to

compare to papers in other literatures.

4. Evidence from cross-country data

As argued in the previous section, it is hard to infer the effects of changes in transport costs
on a system of cities from cross-city data. A potentially fruitful alternative is to compare
how economic activity is distributed across cities in a cross-section (or panel) of countries
facing different levels of transport costs. The easiest approach is to regress an index of a
country’s population concentration on a measure of road infrastructure. Subject to problems
of measurement and identification, such a regression estimates the effects of lower transport
costs on the concentration or dispersion of economic activity directly.

The literature examining the evolution of systems of cities using cross-country data
consists of only a handful of papers. Rosen and Resnick (1980) is the earliest and investigates
the determinants of the Zipf’s coefficient. The Zipf’s coefficient is a summary statistic that
describes the organization of a system of cities. It is calculated country-by-country, by

regressing the log of the rank of each city on the log of each city’s size. The resulting
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slope is the Zipf’s coefficient. As this slope is larger in magnitude, the distribution of
population across cities is more even, and conversely. With a sample of 44 countries circa
1970, Rosen and Resnick (1980) find that the Zipt’s coefficient increases, corresponding to a
more even distribution of city population sizes, with Gpr per capita and country population.
It decreases and then increases with country area. Interestingly, it also decreases with the
extent of railway mileage density, but the coefficient is statistically insignificant. Rosen
and Resnick also investigate the determinants of primacy, the share of the population in a
country’s largest city. Consistent with the results for Zipf’s coefficients, they find that richer
and more populated countries have a lower degree of primacy. In contrast, countries with a
more extensive rail network have a higher degree of primacy.

Ades and Glaeser (19954) repeat the Rosen and Resnick (1980) investigation of primacy
on a much larger sample of countries, 85 countries in 1970, 1975, 1980, and 1985. Using
exclusively cross-sectional regressions, they find that the population share of a primate city
increases under dictatorships. They also find that primacy decreases with trade, with better
developed road networks, and with larger shares of agricultural employment.

Soo (2005) updates the work of Rosen and Resnick (1980) and estimates a Zipf’s
coefficient for the distribution of city population in 44 countries. In a series of pooled cross-
sectional regressions, he considers several possible determinants of the Zipf’s coefficient for
each country.”> He finds that the effects of variables related to trade and transport costs
are not robust to the introduction of continent indicators. Nonetheless, a higher density
of roads is associated with a higher Zipf’s coefficient and, thus, a more even distribution
of city population sizes. Like Rosen and Resnick (1980), Soo (2005) finds that a higher
GDP per capita is associated with a more even distribution of city populations. He also
considers a measure of the strength of scale economies computed from the sectoral structure
of manufacturing. He finds that this variable is also associated with a more even distribution
of city sizes. The most robust results are obtained from political variables. Soo (2005) finds
that countries with a higher share of government expenditures, countries that have been at
war, and countries that have been independent for fewer years tend to have a more even
distribution of city sizes.

Ioannides, Overman, Rossi-Hansberg, and Schmidheiny (2008) consider a panel of
about 63 countries and investigate the extent to which information and communications
technology, along with road density, are related to the arrangement of people across cities
within a country. Like Rosen and Resnick (1980) and Soo (2005), they look at the determi-
nants of the Zipf’s coefficient. They find that the Zipf’s coefficient increases in magnitude
as the log of telephone lines per capita increases. This result is economically important and

arises both in a pooled cross-sectional regression and in two-stage least-squares regression in

13More accurately, given the descriptive nature of these regressions, these coefficients are correlations.
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which the market structure of the telephone market is used as an instrument for the level of
service. Better telecommunications lead to a more even distribution of city population sizes.
The effect of road density is always indistinguishable from zero, and there is suggestive
evidence that (early) internet access has qualitatively similar effects to telephone access.
These results are robust to the use of other measures of how centralized the urban system is
in each country (coefficient of variation, Herfindahl index, Gini coefficient).

To the extent that we would like to conclude that transportation infrastructure affects
systems of cities, these results seem to be in conflict. Ioannides et al. (2008) conclude that
greater telephone access decentralizes the population. This suggests an important role for
transport costs in decentralizing population. This conclusion is supported by results in
Ades and Glaeser (1995a) and, less conclusively, by results in Soo (2005). On the other hand,
Ioannides et al. (2008) conclude that the effect of road density is never distinguishable from
zero, and Rosen and Resnick (1980) find that railroad density has no effect or concentrates
population.

Fraga (2026) is an interesting recent contribution. Fraga considers the implications of
reductions in the cost of international trade on the distribution of people across regions
within a country. In a carefully specified and calibrated model of international trade, he
finds that reductions in the cost of international trade increase the population of hinterland
regions. This seems broadly consistent with findings in Ades and Glaeser (1995b), Helpman
(1998), and a number of the other empirical papers in this literature.

Three other papers touch on our inquiry less directly. Henderson, Squires, Storeygard,
and Weil (2018) consider 2010 lights at night data in a global sample that covers about 180
countries. While light intensity is sometimes difficult to interpret, they present evidence that
it is correlated with population density. Following this, they use light intensity as a proxy
for population density and argue that studying patterns of light intensity can teach us about
how people are distributed within a country. The first key difference relative to the work
discussed so far is that they consider the absolute number of people located on each grid
cell, corresponding approximately to a square of about 28 kilometers at the equator, and
not the unevenness of this distribution. The second difference is that their units cover land
everywhere rather than only cities. Henderson et al. (2018) find that the suitability of a pixel
for agriculture is by far most able to explain lights at the cell level. Ruggedness, malaria,
and distance to navigable waterways are next. In countries that developed early, agricultural
suitability is much more important than in countries that developed late, and conversely for
access to navigable waterways. Most relevant for our inquiry is the importance of distance
to a navigable waterway, which suggests the joint importance of transport costs and trade
for understanding the distribution of population across locations.

Henderson (2003) uses cross-country data for a panel of about 70 countries observed
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at five-year intervals from 1960 to 1995. The paper finds an inverse U-shaped relationship
between the population share of the largest city in a country, primacy, and Gpp. That is, there
is a prime share that maximizes Gpr, with a Gpr penalty for deviation from this optimum.
Identification rests on assumptions about the time series properties of errors that allow
lagged levels to serve as instruments for current changes. While Henderson (2003) does
not speak to our inquiry into the relationship between systems of cities and transportation
infrastructure, it does speak to its importance. This recalls the point made by Glaeser and
Kohlhase (2003). With the ongoing decline in the cost of shipping goods and increasing
marginal product of labor over the last 150 years, the most important transportation costs
in modern developed economies today likely involve moving people rather than moving
goods. This favors cities far from natural resources.

Finally, Michaels and Rauch (2018) investigate how the English urban network “reset”
after the collapse of the Roman empire. With the collapse of the Roman Empire, the urban
population of England collapsed, and many Roman-era cities ceased to exist. This urban
collapse did not occur in France. Thus, only the English network of cities had an opportunity
to reset to better suit medieval economic conditions. Michaels and Rauch (2018) find that
English cities are (1) much less likely to be on the foundations of Roman cities, and (=2)
tend to be closer to navigable waterways. Thus, as we saw in Henderson et al. (2018),
the configuration of systems of cities seems to be sensitive to the joint effect of trade and
transport costs. Michaels and Rauch (2018) also reiterate the importance of persistence for
cities and systems of cities, which is also made in Jedwab et al. (2017), Henderson et al. (2018),
and Bleakley and Lin (2012). The locations of cities depend importantly on the comparative
advantage of different possible sites at the time of their founding. However, cities often
outlive the comparative advantage of their founding date, and so with time, their locations

have little relationship to contemporaneous economic fundamentals.

5. Conclusion

Transportation infrastructure reduces the cost of moving goods, of migration, of commuting,
and perhaps of transmitting ideas. These reductions in transport costs must affect the equi-
librium balancing of the various agglomeration and dispersion forces in spatial equilibrium.

The theoretical literature on systems of cities suggests that seemingly innocuous assump-

' According to the us Bureau of Economic Analysis, the share of “Transportation and Warehousing” in us
GDP has been around 3% for recent years. According to the us Consumer Expenditure Survey from the Bureau
of Labor Statistics, us households devoted 17% of their expenditure to transportation in 2023. Then, according
to the National Household Travel Survey, a typical two-way commute was 55 minutes or more than 10% of a
regular working day in 2022. Valuing commute time at (conventionally and conservatively) half the wage and
ignoring that commutes represent only 18% of all trips shows that the us economy devotes immensely more
resources to moving people than moving goods.
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tions about how locations can substitute for each other for the production of certain goods,
or about the importance of an immobile local demand, can imply opposite comparative
static relationships between transportation infrastructure and the concentration of people
and economic activity in a system of cities.

A theoretical framework predicting that better access to markets always maps into a
higher local population and income can be estimated or tested using a cross-section of
regions or cities in a country. On the other hand, some models allow changes in transport
costs to create winners and losers. Such models are more difficult to assess with a cross-city
research design for estimating an average treatment effect. Such models may be better
tested in data describing many systems of cities in many countries. Unfortunately, the
literature that considers many countries remains too undeveloped to allow anything, but
very tentative conclusions.

With these caveats in place, we draw the following conclusions regarding the effects
of transportation infrastructure on urban and regional development from the empirical
literature. First, better transportation infrastructure within cities has a large impact on
the internal structure of cities. Being able to access land further away from the center of
cities is a powerful dispersion force within cities. Second, cities with more or better roads
also experience population growth, but the effects seem small. Areas along transportation
corridors gain population and economic activity, but these gains are often accounted for
by displacements from areas further from the corridor. Third, the literature documents
the persistence of the impact of transportation infrastructure, although the mechanisms
that explain this persistence are not clearly established. Fourth, in every relevant study,
there is evidence, often indirect, that improved transportation infrastructure increases a
city’s orientation towards trade. Finally, and acknowledging exceptions, the literature also
finds larger effects in cases where new transportation infrastructure lowers high trade costs.
Replacing carts with railroads seems to matter more than replacing railroads and secondary
roads with a highway system.

Beyond these areas of agreement, there are many issues where findings are inconclusive
or contradictory. To take only one example, we can compare Storeygard (2016) for a large
part of Africa and Asher and Novosad (2020) for India, which both consider persuasive
quasi-experimental research designs to assess the effects of rural roads on consumption in
small hinterland villages and towns. The former finds a strong positive effect, while the

latter find no effect. We can offer no resolution to this puzzle.
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