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Abstract

We investigate the causal effects of the massive investments in a highway network
in China on economic outcomes in prefectures. We separately measure the influence of
changes in access to domestic markets versus international ones. We employ two main
approaches, a structural model focused on Ricardian trade forces and conventional
econometric estimation focused on causal treatment effects, for which the Chinese
context is a good one. While there is the usual trade-off between an approach that
captures general equilibrium effects versus one focused on nailing causal effects, we find
that in China the usual Ricardian forces do not dominate results. Regressions suggest
improved international connections in China with its export driven growth policies
are critical, and that improvements in domestic market access favor regional primate
cities over others, probably due to restrictions on factor movements. These aspects
are not well captured by existing structural approaches to the analysis of national

infrastructure changes.



1 Introduction

Between 1990 and 2010, China constructed an extensive modern highway network including
a national expressway system. We investigate the effects of this network on the distributions
of economic output, population and GDP per capita across prefectures. Our investigation
faces two challenges. First, highways were not randomly assigned to locations within
China. Highways may have been allocated according to locations’ productivity, trade
potential, and/or attractiveness as a place to live. Second, output in each region depends
fundamentally on output in every other region through trade linkages. As a result, highway
construction may generate general equilibrium effects on trade and migration. Trading links
cause the effects of a highway constructed near one particular city to percolate throughout
the country. This limits our ability to assign regions to treatment and control groups, which
is at the foundation of most well identified econometric analyses. The lack of a clear control
group makes it difficult to distinguish between highways’ effects on aggregate growth versus
distribution across regions. Because there is no counterfactual for all of China, identifying
the effects of the new highway system on national outcomes requires invoking and utilizing
strong structural assumptions.

To investigate these issues, we implement three distinct research designs in parallel for
recovering causal effects of highways on prefecture output and population. As in Donaldson
& Hornbeck (2015) and Alder (2015), the first utilizes and calibrates a general equilibrium
model of trade in the spirit of Eaton-Kortum (2002) [henceforth "EK"]. We modify cur-
rent versions of the model to separately incorporate international and domestic market
access effects. We use the model to conduct counterfactual exercises. This approach, in
contrast to conventional econometric analyses, accounts directly for general equilibrium
effects. However any model has a specific structure which can fail to incorporate mecha-
nisms of first order quantitative importance. In the Chinese context, the model will fail
in important ways. In addition, structural models to date do not have a component which
characterizes or facilitates estimation of parameters governing the non-random assignment
of roads to regions.

Our second research design involves a conventional econometric exercise in which we
regress prefecture level output or population on a measure of roads within a given radius of
the main city and travel time to the most accessible port. This design has two advantages.
First, the road measures have a direct interpretation for policy makers. Second, we can
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quasi-random variation. As we discuss below, the Chinese context is particularly well suited
to defend the validity of instruments. While it may be that a lot of the effects of local road
expansion occur through greater local market integration (Hillberry & Hummels, 2003), it
is difficult to use this regression based research design to account for system and general
equilibrium effects. The regression framework only successfully uncovers slope coefficients,
which may be interpreted as the relative gains or losses to one city of a marginal change
in its local highway allocation. However, the framework can inform us about the nature
of causal relationships between infrastructure and outcomes of interest in an equilibrium.
This informs us about the validity of the assumptions in a structural model. As in Head &
Mayer (2004), Redding & Venables (2004) and Hanson (2005), we alternatively estimate
effects of nearby output on prefecture population and output. We focus on aggregate output
reachable within a 6 hour drive, which we call "market potential". We find qualitatively
similar effects of market potential as of raw infrastructure.

Our third design is hybrid of the first two. It involves using theoretically generated
measures of market access from the adapted EK model as regressors in a conventional
econometric analysis. While this procedure has been used in the literature (Donaldson
& Hornbeck, 2015; Alder, 2015) and seems intuitive, we argue that it does not have the
virtues of its two parents and suffers from their vices. By construction of the model, it
is logically impossible to vary one city’s market access while holding other cities’ market
access constant. Related, the exercise provides little information about causal effects of
interventions, such as local highway construction, that are directly interpretable for policy
makers. Moreover, the same identification problems of non-random assignment still arise;
and, as a regression equation, its interpretation is subject to the same criticism as in the
second research design. Finally, if the structural model is fully specified, a market access
regression is redundant. At best it might inform us about unknown parameters of the
structural model. In the Chinese context, we find that the structural model offers nothing
since the regression relationships it implies do not hold, meaning that the basics of the
model must be misspecified.

Reduced form estimates from the second research design indicate that expansions of
regional highway networks have negative average effects on local population and no signif-
icant effects on local GDP. In particular, a 10 percent expansion in road length within 450
km of a prefecture city leads to an estimated 1.2 percent loss in prefecture population. In
examining heterogeneity of effects, we find that regional highways are estimated to promote
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other cities. This may reflect unmodeled forces from migration and capital market policies
discussed below.

Unlike domestic integration, regression results indicate improved access to international
ports promotes growth in GDP, population and GDP per capita for all cities. A 10 percent
decline in travel time to an international port caused about 1.6 percent, 1 percent and 0.5
percent increases in GDP, population and GDP per capita respectively, with no significant
differential effects for regional primate cities. The indicated welfare consequences could be
very large. Facilitating better access to international markets has had a high return for
cities in China in the context of export driven investment and growth policies.

In the third research design, it is possible to estimate causal effects of marginal changes
in "market access", a recursive function of output in all prefectures weighted by inverse
travel times, in a regression framework. Estimated coeflicients on overall market access
using equilibrium relationships implied by the model do not match predicted calibrated
values in magnitude. More problematic, the domestic component of market access has
negative estimated average effects on local growth (outweighed by the positive effects of
international market access). As with the local road network regression, this suggests that
the Ricardian trade forces in the EK model do not dominate determination of outcomes.

Using the structural model, we calculate counterfactual output, population and welfare
associated with different road networks. We reduce expressway speeds in 2010 from 90 kph
to 25 kph, as on other roads. Across a wide range of parameter values describing input
cost shares and productivity dispersion across firms, we consistently find that welfare is
about 5% lower in real terms under this counterfactual road network. This welfare loss is
almost entirely driven by reductions in domestic market integration, a conclusion which is
completely at odds with the regression based empirical evidence discussed above. Second,
the model predicts population gains for cities concentrated in the denser coastal area, with
losers being cities in the more sparsely populated interior who experience relatively greater
losses in domestic market access, being more cut-off from dense coastal markets.

We compare these calibrated counterfactuals with reduced form counterfactuals calcu-
lated using regression estimates. Here, we impose changes in local roads and port access
relevant to each city (to get differential relative effects) and then constrain absolute total
population changes to be zero, with relative winners and losers city-by-city. While this of
course ignores general equilibrium effects, it is suggestive of where population is predicted
to relocate in the regression framework relative to the structural model. We find very

different results. In particular, it is the regional primate cities scattered throughout the



country which lose population, while non-primate cities gain. Moreover even without con-
sidering regional primate cities, in general there is less concentration of winners near the
coast, given in the regression framework, on average, being in a dense regional market is
not an advantage.

We view the different regression formulations as providing a credible description of the
forces at work in suggesting how new roads have changed the spatial organization of eco-
nomic activity in China, which could inform design of future structural models focused on
China. Results are consistent with a context in which national and regional policies sup-
press domestic consumption and favor export driven growth. Our regression results suggest
there are economic-political urban hierarchy forces influencing the movements of popu-
lation, capital and firms in response to changes in regional transport networks. Export
processing and other special economic zones play a big role determining specific locations
of FDI and export oriented activity, induced by tax, local infrastructure and other policies;
and in 2010 essentially all prefectures have export zones. In addition, overall movements of
capital are constrained through the state owned banking system and movements of workers
are constrained by hukou related migration policies. The more homogeneous positive esti-
mated effects of better port access may be because capital moves fairly freely across export
processing zones and migrants can move more freely across export zones into zone pro-
vided housing. However for improved domestic access, with the difficulties of long distance
migration and policies affecting where production for domestic consumption expands, fac-
tors may move to a region’s primate cities from other regional cities in response to better
regional connections.

Our work relates to the literature in a number of ways. There are many general mech-
anisms through which improved market integration may promote growth, all of which
cannot be tractably included in a single model. The EK framework, used by Alder (2015),
Donaldson & Hornbeck (2015) and Sotelo (2015), emphasizes Ricardian gains from trade.
Fajgelbaum and Redding (2014) emphasize the rise of the nontraded sector and rising de-
mand for traded manufacturing goods for facilitating structural change and urban growth
in a historical context. Topalova & Khandelwal (2011) provide evidence that lower trade
costs has fostered innovation through competition in India. Lower cost access to interme-
diate inputs (Fujita, Krugman & Venables, 1999) and innovative ideas (Alvarez, Buera &
Lucas, 2013; Buera & Oberfeld, 2014) are additional mechanisms through which trade may
promote growth. While our estimated regression effects can have multiple structural inter-

pretations and be driven by many general economic mechanisms, we organize the analysis



in order to facilitate their interpretation in the contexts of the models of interregional trade.

Our evidence on the effects of reduced transport costs for enhanced integration into
international markets echoes some recent literature that improved access to ports fosters
local economic growth in developing country contexts. Donaldson (2014), Banerjee, Duflo,
and Qian (2012) and Storeygard (2012) find that better linked hinterlands through colonial
railroads in India, modern railroads in China and modern roads in Sub-Saharan Africa
respectively have higher income levels. In terms of domestic interconnections, Donaldson
and Hornbeck (2015) find positive effects for rural counties in the late 19th century United
States, though Faber (2014) and Bird & Straub (2015) find the opposite for some rural
counties served by roads in China and Brazil respectively. Sotelo (2015) finds generally
positive effects of paving Peruvian roads, with some areas negatively affected because of
increased competition.

This paper proceeds as follows. Section 2 discusses the unique Chinese historical and in-
stitutional context, which is well-suited for recovery of causal effects in estimation, and the
data. Section 3 describes the model, simulation results, and results from estimating related
market access equations. Section 4 lays out our empirical strategy and estimation results
for roads infrastructure measures. It then compares results for the counterfactual of shut-
ting down the expressway system from the road infrastructure regression with those from
the model. Section 5 examines an extension based on market potential measures. Section

6 concludes.

2 Context and Data

2.1 A Brief History of Chinese Geography and Highways

The Chinese context is especially well-suited for our investigation for several reasons. Be-
cause China had essentially no limited access highways in 1990, Chinese cities have ex-
perienced large variation in expansions of internal transport networks and market access
since 1990. Intercity roads had two lanes with free access and, in many places, were not
even paved. Almost all goods moved by rail or river and less than 5 percent of freight
ton-miles moved by road. Since then, China has undertaken massive intercity expressway
construction. Construction started slowly, with only a few highways complete by 2000,
but sped up so that a national scale network was essentially complete by 2010, the year

for which most estimation is done. Now, well over 30% of freight ton-miles move by road.



This highway construction program has left some cities with high quality links to nearby
hinterland markets and coastal ports and other cities with lower degrees of connectivity.

Central for recovery of credible treatment effects, we have good sources of pseudo-
randomization in highway treatments across cities and rural counties. The unique Chinese
historical context allows us to construct plausibly exogenous instruments for transport
networks serving cities. The main source of variation uses historical road networks from
1962. In 1962, roads existed primarily to move agricultural goods to local markets within
prefectures while railroads existed to ship raw materials and manufactures between larger
cities and to provincial capitals according to the dictates of national and provincial annual
and 5-year plans. Lyons (1985, p. 312) states: “At least through the 1960s most roads in
China (except perhaps those of military importance) were simple dirt roads built at the
direction of county and commune authorities. According to Chinese reports of the early
1960s, most such roads were not fit for motor traffic and half of the entire network was
impassable on rainy days.” Lyons also notes that average truck speeds were below 30 km /hr
due to poor road quality. However for our purposes, historical roads provide right-of-ways
facilitating lower cost highway construction over or alongside old roads, all of which has
taken place since 1990.

Figure 1 shows the national road networks in 1962, 1990, 2000 and 2010. We use the
1962 network to construct instruments for 2010 travel costs. These travel costs assume
speeds of 25 kph on local highways and 90 kph on expressways, as is explained in more
detail below. Moving forward in time, we see the national expressway system developing
a little between 1990 and 1999, and most of the country is linked between 2000 and 2010.

The unique history of the Chinese transition toward a market economy is also impor-
tant. While there were some market oriented reforms during the 1980s in the agricultural
sector, Chinese cities remained fully planned economies until the early 1990s, with little
trade in general and very little across provincial boundaries. Even agricultural markets
remained highly localized, with little movement of goods across prefectures. Housing and
employment were provided by local governments for a planned industrial mix, with any
inter-prefectural trade flows largely proscribed in provincial capitals. While today we think
of China as a free market economy in goods, although less so in factors, it is hard to ask in
a time differenced sense how the highway construction altered trade and improved growth
from 1990 to 2010. The starting point is not a market economy where Ricardian forces were
at work. Today they are, albeit with potentially key constraints operating through factor

markets. Thus we focus on a “long run equilibrium® or cross-sectional analysis for 2010.



That said, for population movements we will compare cross-sectional results with growth
results, since as discussed next, China moved from a regime of very limited population
movements to one where population could better respond to the new market regime and
the differential opportunities offered by highway construction.

Because prefecture and city populations are outcome variables, it is important to un-
derstand the history of interregional population mobility in China. Before 2000, with the
exception of a few coastal mega-cities, cities hosted few migrants. Migration was limited
by the hukou system, which regulated and restricted migration between prefectures and
imposed penalties for un-licensed migration. These restrictions were lifted in stages start-
ing in the late 1990s and un-licensed migration is no longer illegal. However, the hukou
system still restricts migrant access to formal housing markets, schools, health care, and
social security (Chan, 2008), restrictions that are harsher in mega-cities that are otherwise
more attractive to migrants. Because of such migration restrictions, most migration in
the 1990s occurred within prefectures, as farmers left the land and moved from rural to
urban counties (Chan, 2005). In the 1990’s, rising city productivity or demand for city
output is likely to be partly reflected in rising real wages in some cities (Au & Henderson,
2006) rather than rising populations, as characterizes the urbanization process in many
developing countries. The lifting of formal migration restrictions has helped raise China’s
urbanization rate from 37% in 2000 to almost 50% in 2010. For 2010, we approach the
problem in an EK context by first assuming population has become perfectly mobile. How-
ever, we also estimate versions of GDP determination controlling for population, for which
we have an instrument. In addition, we examine differential population allocation and
growth effects for regional primate cities.

Despite migration restrictions, China experienced considerable migration since 1990.
Some of this is rural to urban migration, where in 1990 China’s population was about 29%
urban, rising to around 50% in 2010. The change in urbanization has 4 components: rural
areas themselves becoming urban as they industrialize, migration within provinces to more
urbanized prefectures, some long distance migration to coastal cities, and intra-prefecture
migration from rural parts to urban parts of the prefecture. We put aside within prefecture
details here and use the prefecture as the unit of analysis to look at Han China compre-
hensively. Table 1 presents summary statistics showing 2010 levels and trends from 1990
to 2010 in population, GDP and GDP per capita in prefectures. Of course the big story is

the enormous growth in real GDP per capita in China over 20 years.



2.2 Data

Chinese administrative geography dictates the spatial units that we use in our analysis.
Provinces are broken into prefectures and prefectures into counties. Over the course of our
study period, the boundaries of a number of prefectures changed, requiring painstaking
work establishing county level correspondences over time to provide time consistent pre-
fectures, which we define as of 2010. We examine 282 prefectures in Han China (about
half the land area of China), omitting minority areas for data and contextual reasons, the
3 cities directly governed by provinces, and one island prefecture. Our study area covers
over 85% of China’s population. We use two primary types of data: tabular data from the
census and city and provincial yearbooks for 1982. 1990, 2000 and 2010 and a series of
large scale national road maps from 1924, 1962, 1980, 1990, 1999, 2005 and 2010.

Information on output is reported for many prefecture cities and county cities, and
some prefectures, back to 1990. Since our focus is on output in 2010, we omit details of the
collection of earlier output data. In 2010 we use output information from the University
of Michigan’s Online China Data Archive, which covers prefectures, prefecture cities and
rural counties. We use 100% count National Population Census data from 1990, 2000 and
2010 to construct prefecture population and employment by industry. Individual-level 0.3
percent to 1 percent sample data drawn from 1982, 1990, 2000 and 2010 censuses enables
us to construct estimates of key demographic variables at the county and urban district
levels. We observe age, gender, educational attainment, occupation and sector, as well as
residency (or hukou). The latter is critical to identifying migrants.

To describe the Chinese road and railroad network, we digitize a series of large scale
national paper maps. We select maps from the same publisher drawn using the same pro-
jection and with similar legends to have some consistency across time. However, details of
what roads are recorded and their characteristics do change over time. Using the digital
maps, we calculate travel times between each pair of prefecture cities over the highway
network in each year. To understand the potential importance of links to the international
economy, we also calculate travel times over the road network from each prefecture city to
the nearest major international ocean port, of which there were 12 in 2010. We assume
travel at 25 kph on regular roads and 90 kph on highways. Our primary domestic in-
frastructure predictor of interest in the treatment effect oriented analysis is the log length
of roads within 450 km of the main city in each prefecture. We use an efficiency units type

measure that counts highways as 90/25ths of a regular intercity road to reflect their higher



travel speeds. Use of this measure allows us to consider counterfactual environments in
which highways are downgraded to 25 kph.
Table 2 reports statistics on key variables used in the paper, which we will refer to from

time to time.

2.3 1962 Roads and Modern Highways

The econometric part of our investigation attempts to recover causal effects of 2010 high-
ways and various measures of access to markets facilitated by these highways on con-
temporaneous prefecture outcomes. While we provide a detailed explanation of our main
estimating equations in Section 4, any credible empirical results depend on isolation of ex-
ogenous variation in these 2010 highways. There exist a host of potential concerns in this
regard. Prefectures with greater GDP and population are likely to have more resources
to build highways, reflecting a reverse causal link from the outcome to highways. More-
over, higher levels of government may have provided better highway links to export nodes
for prefectures specialized in export-oriented activities. In short, highway construction is
likely to respond to travel and shipping demand. Picking out exogenous variation in 2010
highways requires finding a portion of such highways that were built for other reasons. As
noted above, we use the 1962 road network as an instrument for the 2010 highway network
and predictors of interest calculated using this 2010 network, based on the idea that 1962
roads were built for other reasons but were upgradeable to modern highways at lower cost
than would be required to establish new rights of way. Areas with more vintage roads,
however low quality, had lower costs of building out their highway systems. As a result,
locations with more 1962 roads also had more highways in 2010.

This class of instruments is only valid if it is both a strong predictor of 2010 highways
and is not correlated with variables for which we cannot control that predict outcomes
of interest. Therefore, it is important to control for exogenous predictors of GDP and
population in 2010 that may be related to the prevalence of roads in 1962. Because 1962
roads were more prevalent in more agriculturally oriented and populous prefectures, we
control for 1982 industry mix, education and population throughout our analysis.! Be-
cause 1962 roads primarily served as connections from agricultural areas to nearby cities,
we also control for urbanization with 1982 prefecture city, or urban population. We control

for roughness and distance to the coast to proxy for agricultural productivity. Central city

11982 is the first year for which we have census information.
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roughness enters as a separate control in order to account for productivity differences out-
side of agriculture. Finally, much large scale manufacturing activity historically occurred
in provincial capitals. Since each province carried out most of its own economic planning, a
lot of within province trade and all between province trade was directed through provincial
capitals. As such, provincial capitals have different institutional and industrial histories
from other cities, and we control separately for them.

Table 3 Column 1 shows the result of regressing the log of 2010 efficiency units of
roads within 450 km of prefecture cities on other instruments and control variables and
then the road variable counterpart in 1962 except excluding own prefecture roads in 1962.2
In addition to being a "first stage" regression, one can think of this regression equation
as representing a highway supply function. We exclude highways in the origin prefecture
from the instrument because we are concerned that serially correlated unobservables may
predict a prefecture’s own 1962 highways and 2010 prefecture outcomes. For example,
serially correlated unobserved components of prefecture productivity may have driven pre-
1962 road construction and subsequent growth. Results show a strong relationship between
1962 roads and 2010 highways conditional on controls, with a significant estimated elasticity
of 1.05. Conditional on prefecture area, more populous prefectures had more highways built
nearby. The coefficient on prefecture area is negative as expected, with larger prefectures
leaving relatively less residual area within which to measure highway length. Interestingly,
larger and more manufacturing oriented cities had less highway mileage in the area, perhaps
because manufactures traditionally traveled primarily by rail. Prefectures the West had less
highway length nearby, as is expected given the smaller amount of economic development
in these areas.

Table 3 Column 2 shows the result of regressing the 2010 road travel time to the nearest
international port on the same set of variables. The key predictor in this regression is the
dependent variable’s counterpart calculated using 1962 roads but at highway speeds. This
variable has the predicted strong positive relationship, with an estimated elasticity of 0.72.
10 percent more 1962 roads within 450 km outside of the origin prefecture additionally
reduce port travel time by an estimated 3 percent. Prefectures further from the coast also
had longer travel times, conditional on the road network and prefecture characteristics, as
may be expected.

The broad conclusion from Table 3 Columns 1 and 2 is that our instruments are strong

2The third instrument, which we use to pick out exogenous variation in prefecture population, is further
discussed in the following subsection.
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predictors of endogenous variables of interest conditional on appropriate controls and that
we can separate out exogenous variation in the stock of 2010 highways nearby from exoge-

nous variation in the travel time to the nearest international port.

2.4 Migration and Prefecture Population

Some of our analysis incorporates controls for 2010 prefecture population, in order to re-
cover per-capita GDP effects, as we explain further in Section 4. Implementation requires
isolating exogenous variation in this prefecture population. To handle the potential endo-
geneity of prefecture population growth, we use a migration shock instrument, following
Bartik (1991) and Card (2001). The idea is to use historical migration pathways as a
predictor of more recent migration. We construct this instrument by interacting the frac-
tion of out-migrants from each province going to each prefecture between 1985 and 1990
with the total number of out-migrants from each province between 1995 and 2000. While
this is not the ideal measure, as it can only mechanically predict 1995-2000 prefecture
population growth, it is the best we can do with our available data. Fortunately, it is a
significant predictor of 1990-2010 prefecture population growth and 2010 prefecture pop-
ulation, conditional on appropriate controls. The identification assumption for validity
of this instrument is that 1985-1990 internal migration flows are uncorrelated with unob-
servables (like productivity shocks) driving 2010 prefecture GDP, conditional on control
variables. Especially because the instrument is based on data from the pre-market reform
period, this assumption seems plausible.

Table 3 Column 3 presents the result of this first stage regression, which can also be
thought as a prefecture population supply equation. Most importantly, the coefficient
on the instrument is positive as expected and statistically significant. Prefectures with
greater 1982 population, provincial capitals and prefectures closer to the coast also had

higher populations in 2010.

3 Model and Counterfactuals

In this section, we first develop a standard model of Ricardian gains from integration based
on Eaton & Kortum (2002) that can be calibrated with our data for China in 2010. The
model allows us to evaluate consequences of counterfactual road networks. In addition, it

delivers useful summary measures of access to markets which we use in estimation below.
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3.1 Setup and Calibration

Because our framework is very similar to Donaldson & Hornbeck’s (2015) adaptation of
Eaton & Kortum (2002), we only describe it in brief, with full details in the Appendix.
Our primary innovation is to incorporate external trade in addition to the internal trade
that is the focus of the model, as we suspect that the opening up of China to world markets
disproportionately benefited cities with lower cost access to coastal ports.

Consumers have preferences U = AX over over a local amenity A and the CES ag-
gregate X over product varieties. The exogenous local amenity differs across residential
locations indexed by . Each product variety receives a Fréchet distributed productiv-
ity draw z; at each location of production i, in which the shift parameter T; is location
specific whereas the dispersion parameter 6 is common across locations. Production is
Cobb-Douglas over land L, labor N and capital K such that output in each location is
Y, = ziLf‘N;YKilfafy. We use values of @ = 0.1 and v = 0.7, based on our reading of
the historical and Chinese production function literature. The magnitude of land’s share
in overall production, «, might arguably range from 0.05 to 0.15, but calibration results
will not be sensitive to exact choices. Perfect competition ensures that income in each
location is the aggregate value of trade flows to all locations, net of shipping costs. We
denote domestic origin locations with ¢ subscripts, domestic destination locations with j
subscripts, and the rest of the world with x subscripts. Capital is elastically supplied to
each location. Shipping costs are iceberg, in which the cost of shipping one unit of any
variety between ¢ and j is 7;; > 1 units of that variety.

The following system of equations describes the equilibrium.

9 Y 0 E
MA; = ;Tij MAj+Tmm (1)
Y, = (T + (L) )
+119a n i—lfeaanJr fjezylnMAi
U = Aiﬁ?MA}/‘) (3)
N -

>N (4)
J
(1) describes the "market access" of each location and captures two intuitive features. It
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is increasing in demand, as summarized by the shipping cost weighted aggregate of GDP,
but decreasing in competition, as summarized by the weighted sum of market access of
all locations. Market access as detailed in the Appendix is inversely related to the price
index facing consumers in a city, based on all locations’ factor costs and access to those

locations. We can instead express the second term in M A; as being a function real income

-0 Y,
wr MA;’

by each city depend on 7,,. We refer the first term in (1) "domestic market access" and

outside of China, writing it as 7 which we take to be exogenous, although exports
the second term in (1) "external market access". (2) describes equilibrium GDP, which is
intuitively increasing in productivity, land, the local amenity and market access. Below
we consider the consequences of implementing (2) as a regression equation. The remaining
equations describe utility and the population constraint. For some purposes, it is also
useful to replace (2) with the equilibrium relationship between population and market

access. The resulting equation is

147
1+ b

b ~0
In(L;/a)—
1+ ab n(Life) (1+a0

(5)

Locations with greater market access benefit from having greater demand for their prod-

In(k1T;)—In~y+ +1)(In A;—In U)+(

1+ ab

ucts. They also benefit from having lower prices, which draws in additional population
beyond the direct effect on GDP.

We recognize that free mobility across prefectures with one national utility level U is
probably a strong assumption for China. As an alternative, we consider the case in which
prefecture population N; is exogenous. In this environment, (1) and (3) continue to hold,

but equilibrium output is instead given by

1 af ~0
R | AN | L) """
1+~ + ab n(x1Ty) 14+~ +ab n(e/Li) 14+~ + ab

P LA Ny In MA,;.

14 6~ + fa H—l—i—’y@—i—a@

ny, = In~y (6)

When we evaluate consequences of new roads, we evaluate effects with and without popu-

lation mobility.?

Recovery of M A; in (1) requires information about shipping costs 7. To calculate 7,

3Desmet & Rossi-Hansberg (2015) models a similar environment with imperfect mobility by using auxil-
liary data on happiness to calibrate utility differentials across locations that can be supported in equilibrium.
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we use

7ij = 1+ 0.004p( hours of travel time )%‘-8 ,

where p is varied between 0.5 and 2. This expression captures both the pecuniary and
time (opportunity) cost of shipping. Hummels & Schaur (2013) estimate that each day in
transit is equivalent to an ad-valorem tariff of 0.6-2.1 percent. Limao & Venables (2001)
find that the cost of shipping one ton of freight overland for 1000 miles is about 2% of
value, or about 1% per day. This expression generates the resulting target of a loss of

1.6-3.1% in value per day while also incorporating some concavity. To calculate 7;,, we use
Tiz = 11574 .

Anderson & van Wincoop (2004) carry out a full accounting of international shipping costs.
They conclude that time costs are about 10% (Hummels, 2001) and shipping costs are 1.5%
(Limao & Venables, 2001). We treat the cost shipping from i to the nearest international
port p the same as shipping to any other domestic location. Following EK, we assume
0 = 5, noting that calibration results are not sensitive to . We get the inital equilibrium
value of Chinese exports E in 2010 from the national accounts.

Table 2 presents summary statistics about total MA and its components while Figure 2
depicts the spatial distribution of these on a map. All maps show prefectures ranked from
highest to lowest by intensity of color, so the prefecture with highest market access has the
most intense color and the lowest the least intense color. With so many ranks, it is difficult
visually to distinguish those with similar ranks, but the overall pattern is clear. The maps
in Figure 2 show that domestic MA is spread more smoothly over the country, as should
be expected given its recursive nature. External MA is noticeably concentrated along the
coast, as also should be expected. Neither has much variation across prefectures, with
standard deviations for the logs of 0.04 and 0.06 respectively. Note that domestic market
access is about 70% of the total in 2010. This will be important for interpreting regression
coefficients on each component separately.

Takingy; , EF , N; Tij and T, from the data and parameters from the literature,
we recover M A; from (1), relative A;s from (3) after normalizing initial U = 1 and the
cluster ¢; = H% In(k1T;) + % In(L;/a) from (2). Once M A; has been calculated, the
real value of output in the rest of the world is calculated as A}/ = - 5; BRI This is all
we need to evaluate effects of imposing different 7 matrices in calcuI;tijrzlgA{é‘éunterfactual
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equilibria. In particular, we solve for counterfactuals using the same set of equations with

MY o A, e; and N as inputs calculated from the data, allowing us tosolvefor Y; , E , N;

and U for new 7;; and 7, calculated using counterfactual road networks.

There are interesting features to the model apart from market access allocation and
division between domestic and international. In Figures 3 a and b we graph observed
2010 GDP and population, again by rank, as a reference point. While there is coastal
concentration of both there are strong economic centers in the interior as well. In Fig-
ures 3 ¢ and d, we graph the recovered values of the As and es, again using rank-color
assignments. These amenity and productivity variables essentially amount to prefecture
"fixed-effects". They adjust so that the model perfectly explains the data. For the es,
higher productivity cities in China are on the coast and in traditional and newer industrial
centers. For the As, it looks like high amenity places are disproportionately in the fringe
areas of Han China. This in itself suggests an issue with the free mobility assumption. In
(5), are these fringe areas high amenity places or places from which it is difficult to migrate,
so people are trapped there at low incomes per capita and utility levels?

We can also examine the extent to which observed variation is explained by the sys-
tematic parts of the model versus these fixed effects. From (2), we see that the units of

both € and In A are log income. The data imply the following regression relationships:

InY; = 3.210 +.390¢; +
(0.11)

and

InY; = 6.98+2.12InA; + 0.944e; + 7,.
(0.39) (0.08)

Unsurprisingly e is a powerful positive predictor of output in both equations. The R? of
InY on € alone is 0.77 and here the addition of logA raises it to 0.95. Inverting this,
this tells us that the systematic part of the model is predicting almost precisely 5% of the
variation in the data. Or, more heuristically, the Ricardian model alone is able to explain
about 5% of the total variation in output. For comparison sake, city level regressions with
more extensive lists of regressors often achieve R?s of 0.6-0.8.

The corresponding regression for population is defined theoretically in (5), and is a
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linear function of In A and e. The analogous regressions to those above are

InN; = 3.03—0.125In4; + v;
(0.32)

and

InN; = 7.86+0.935¢; + 3.081n 4; + ;.
(0.46)  (0.09)

Here with just In A as a covariate, the R? is less than 0.01. Amenities alone do a poor job of
explaining population allocations and amenity values are negatively related to population.
This is not surprising. Given China’s internal migration restrictions, one might reasonably
be suspicious of the free-mobility assumption in the model as noted in Figure 3. Adding in
the es which drive GDP allocations enhances the explanatory power of these fixed effects,
raising the R? to 0.87.

3.2 Counterfactual Results

We investigate the effects of changing shipping costs in two ways. First, we examine infra-
marginal effects of imposing 25 kph speeds on all 2010 highways. Second, we examine the
effects of increasing travel time by 5% between all locations. In some cases we distinguish
between changing domestic versus external market access, as if they used different road
networks.

Table 4 Panel A reports utility, GDP and exports for both classes of counterfactuals
considered, under free mobility.Each quantity is expressed relative to a baseline of 1. Re-
sults in the first row show that setting all highway speeds to 25 kph is predicted to reduce
utility (real income) by about 5 percent. GDP actually increases by 1.2 percent to coun-
teract the reduction of 1.5 percent in sourcing from abroad, but prices go up more since a
greater fraction of goods are now produced domestically, and at higher cost.

The second row of Panel A show the effects of increasing all pairwise travel times by 5
percent. The third row shows analogous results for increasing all domestic pairwise travel
times by 5 percent. Rows two and three have almost identical results, with utility falling
by 4 percent, GDP rising by about 8.35 percent and exports falling by 1.5 percent. Once

again, even though GDP rises, prices rise even more to reduce welfare. The final row in
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Panel A shows almost no effect of changing external trade costs on outcomes.

One message from these counterfactuals is that welfare changes are driven not only by
changes in GDP but also changes in prices. This is important, especially given single equa-
tion regressions ignore such changes. The other is that the model suggests that changing
access to the coast has very modest effects. This will contrast with what regression results
suggest.

Table 4 Panel B reports counterfactual levels of utility given imposing 25 kph on all
highways and various alternative parameter combinations. Removing the 2010 highway
network consistently causes about a 5% reduction in real GDP for a wide range of reasonable
values of v, a and . Since the systematic part of the model accounts for only 5% of total
variation in output, we would require GDP to be extremely sensitive to these parameters in
order to see a big effect. The exception is changes to the scaling of trade costs p. To a rough
approximation, doubling the scale factor doubles the cost the impact of our counterfactual
scenario, and also the welfare impact.

Figure 4a shows the percent changes GDP and 4c the level changes, for the first
row counterfactual reported in panel A of Table 4, again by rank-color intensity. Figure
4b shows the winners versus the losers in terms of GDP in the counterfactual. Downgrad-
ing the expressway system results in a gain for dense coastal areas and losses in the interior
which now have poorer access to rich coastal markets. In Figure 4 the borders of regional
primate cities are outlined in black; we will discuss regional rpimates later. Also later in
Section 4.3, we compare these model counterfactuals with regression equation ones, focused

on changes in population (to some degree mirroring changes in GDP).

3.3 Estimation

We have information about GDP and population for each prefecture in 2010. It is thus nat-
ural to investigate how market access influences each of these objects given the structural
equations (2) and (5) using 2010 data. Each of these equations can be implemented as a
regression with no assumptions needed about parameter values. Of course, with knowledge
of a, v and @, there is no real role for estimation here. The residual ¢; is just identified,
and with information about land L; and k1, the local productivity draw for each location
T; can be recovered. The model is specified in such a way that given knowledge of standard
parameter values, no additional information is available from estimation. Moreover, this

model’s parameters are probably better recovered in other ways. Nevertheless, as in Don-
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aldson & Hornbeck (2015), we investigate the implications of estimating the relationship
between market access and GDP. In addition, outside the constraints of the rest of the
model, it may be valuable to investigate the causal effects of M A; as a useful measure that
summarizes connections to other markets.*

Estimating (2) amounts to regressing prefecture GDP on a constant, prefecture land
area and market access. Note, however, that there are reasons that are both internal to
and external from this model which make In M A; in such a regression endogenous. Internal
to the model, the structural error term ﬁ In(7;) also appears repeatedly in M A;. Y;, a
direct function of T;, appears in M A;, as does each Yj;, which themselves are functions of
Y; and so depend on T; indirectly. That is, the key variable of interest in this regression is
structurally correlated with the error term, and so OLS results in inconsistent coefficient
estimates. This econometric difficulty is akin to the difficulty one faces in estimating spatial
lag models. While joint estimation of (1) and (13) would resolve this problem, it is not the
only reason M A is likely to be endogenous. External to the model, we also believe that
the road network, and the resulting 7;;, should not be taken as exogenous. Prefectures
with high growth potential and strong trading links may have been more likely to receive
highways than others. That is, it may be that 7;; depends on T; and T} and 7, depends
on exports from %, which is a function of 7;. In general, prefecture, provincial and national
government’s choices of and resources for highway construction mean the highway network
is likely to be endogenous to local economic conditions and population.

Commensurate with the discussion in Section 2, our solution to this endogeneity prob-
lem is to find instruments that shift M A but are not related to local productivity. The
use of IV has the additional advantage of eliminating the potential bias effects of measure-
ment error in the prefecture land area control, which would ideally be an efficiency units
measure.” To construct instruments, we focus in particular on the component of M A that
involves connections to other prefectures 7;; and to export markets 7;,. Conditional on
appropriate controls, as discussed above, we believe that the 1962 road network is a good
instrument for the 2010 highway network. Using this idea, we instrument for log domestic

MA using the km of 1962 roads within 450 km of the prefecture’s main city but outside

4 If the goal were to estimate this model’s parameters, a natural course of action would be to recover them
using a minimum distance estimator (or GMM incorporating a model extension to introduce stochasticity)
implemented on (1), (2), (3) and (4) simultaneously. Instead, our goal is simply to determine whether this
model can generate reasonable empirical predictions for China.

?Our controls for roughness come closer to making our control for efficiency units, but there are still
likely to be unmeasured components of L; that may be correlated with components of M A,.
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of the prefecture. We instrument for log external MA using the log of travel time to the
nearest port over the 1962 network assuming a speed of 90 kph. That is, we imagine a
world in which all 1962 roads were upgraded to highways. We instrument for total MA
with both variables. Results in Table 3 Columns 4-6 show that first stage coefficients are
significant and that each market access measure is predicted by the appropriate instru-
ment. In addition, the 1962 road stock within 450 km of prefecture cities predicts part of
external market access.

Table 5 Columns 1 and 2 report regression results in which MA is unified and broken
out into domestic and external components respectively. Results in Column 1 indicate
that prefectures with 10 percent greater joint domestic and international market access
had about 29 percent greater GDP. This point estimate is much greater than what is
predicted by the model, though we have standard errors on estimates and arguable ranges

for parameters. Using our parameter values of v = 0.7, § = 5 and a = 0.1, the MA

1+~
1+0a

values within reason keeps the calibrated number well under 2. A key result in the paper is

coefficient of

calibrates to 1.13 rather than the estimated 2.91; altering parameter

that the external component of market access is driving the positive estimated coeflicient
in Column 1. The coefficient on domestic market access in Column 2 is -8.8, relative to
13.3 on external market access. Because the domestic component is about 70% of total
market access, the model predicts that the coefficient on the domestic component should
be about 0.7 11:79704 and the coefficient on the external component to be about 0.3 11;;7&.
Given this negative domestic market access coefficient, the model is clearly not captur-

ing something important about the data generating process for prefecture GDP. If anything,
these results may indicate that faster road connections to external markets are related to
regional success. However, it seems difficult to imagine that better domestic market con-
nections may actually make regions worse off. Clearly the model is failing to capture first
order other considerations. Given this, we pursue alternative empirical strategies below.
However, as we investigate below, China’s hukou migration restrictions may explain these
results in part.

In this vein, we carry out parallel exercises to estimate (5). In the context of the free
mobility variant of the model, one can recover an estimate of the Fréchet productivity
dispersion parameter § by comparing the two results. In the no mobility variant of the
model, market access coefficients on population would be 0, which they are not. Results in
Table 5 Columns 3 and 4 show that while overall market access is not related to prefecture

population, prefectures with improved access to external markets gained population while
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prefectures with better domestic market access actually experienced population losses, all
else equal. Again this is at odds with the Ricardian domestic gains from trade framework.
We note that this second result exists only conditional on controls. Taking out controls,
the coefficient on domestic market access goes to 0, indicating that locations with greater
market access had better economic conditions and did relatively better in the competition
for population. The role of hukou restrictions is also hinted at in the results. Explicit
Chinese government policies promoting exports may help explain the positive estimated
coefficient on external market access. Special economic zones, which were established to
host export oriented foreign investment, have relaxed hukou restrictions relative to other
areas, as explained above.

To explore equilibrium in an environment with no population mobility, we estimate
(6). This amounts to estimating the same regression equation as for (2) with the addition
of a control for prefecture population. Table 5 Columns 5 and 6 show these results. In
these regressions, coefficients on 2010 log prefecture population (instrumented as explained
above) is not significantly different from 1, consistent with the model’s Cobb-Douglas
production technology. The estimated MA coefficient is 2.04, which is considerably larger
than the WI%W ~ (0.2 predicted by the model. Once again, this result is driven by the
external component of market access. The domestic component is estimated to have a
negative but insignificant effect on GDP, conditional on population. This result indicates
that the negative GDP effect of domestic market access is entirely driven by the negative
population effect of domestic market access. GDP per capita in prefectures that are well
connected to domestic markets are no lower or higher than other prefectures. However,

becoming better connected to external markets is likely to be welfare enhancing.

3.4 Extensions and Alternative Measures

There are many potential explanations for which estimates from the model’s main struc-
tural equations may be out of line with predictions of the model. Institutional constraints in
labor and capital markets and national government export promotion policies are an expla-
nation we have noted and will continue to explore in the empirical sections to follow. But,
as with any model, there are other market mechanisms from the literature which have also
been ignored.

Two extensions of the model are fairly standard and worthy of consideration. First, the

existence of agglomeration economies, which could be generated by any number of micro-
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founded mechansisms (Duranton & Puga, 2004; Rosenthal & Strange, 2004) would mean
that T; is increasing in population rather than fixed over time, contributing an additional
additive term to the coefficient on In N; in (6) and acting as a multiplier to increase the
influence of market access on GDP and population in (??) and (5). However, city costs
are also increasing in population, which pushes in the other direction by making the de-
nominator in the condition U = 7 increasing in city size. Bartelme (2014) considers a
model of interregional interactions that features both forces. However, the limited empiri-
cal evidence we have indicates that the elasticity of productivity with respect to population
and the elasticity of city costs with respect to population are comparable (Combes, Du-
ranton & Gobillon, 2012), meaning that these considerations may offset and thus not be
quantitatively important for our purposes.

Alternative tractable models that generate similar structural relationships between local
economic activity and connections to nearby markets include Redding & Venables’ (2004),
Hanson’s (2005) and Head & Mayer’s (2005) adaptations of Fujita, Krugman & Venables’
(1999) "New Economic Geography" model. These earlier models begin with the assumption
that each region specializes in a product and has an endogenous mass of “firms” producing
different varieties using a Cobb-Douglas technology plus a fixed cost. Given the evidence
of urban scale externalities and that these externalities are larger within narrow industry
categories, it may be natural to think of cities as specializing in related products. Firms use
immobile labor, mobile capital and a composite intermediate input imported from other
locations as factors of production. Monopolistic competition delivers a fixed markup over

marginal cost but 0 profits in equilibrium. The analog to market access in these studies is

su(z)

where I is location d’s price index and o > 1 is the CES parameter of the utility function.

"market potential", given by

Total income is log-linear in this market potential. We also use a market potential type
measures in our empirical investigation of the importance of trade integration for urban
growth.

While the theoretical framework for market access has the advantage of clarifying how
better market integration can lead to local growth and provides useful guidance about
estimation equations, there may be other ways in which improved market integration pro-

motes growth. Cobb-Douglas production, Fréchet distributed productivity draws and CES
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preferences are all useful approximations that are likely only roughly accurate. More funda-
mentally, additional mechanisms may exist through which trade integration causes growth.
For example, Fajgelbaum and Redding (2014) emphasize the rise of the nontraded sector
and rising demand for traded manufacturing goods for facilitating structural change and
urban growth. Lower trade costs may foster innovation through competition. Topalova
& Khandelwal (2011) provide evidence that Indian firms became more productive with
the lowering of trade barriers because of increased competition from abroad. We do not
explicitly incorporate intermediate inputs to production, nor do we differentiate between
different sectors in production. Because of all of these potentially important mechanisms
that are not addressed theoretically, we view our proposed market access formulation as
highlighting some but not all of the mechanisms through which the treatment effects of
reduced interregional trade costs on GDP and population may be operating. Indeed, the
divergence between calibrated and estimated coefficients, and implications about welfare
consequences of new highways, points to the importance of an empirical analysis that is
more agnostic about the data generating process. In our empirical work we wish to allow
for maximum flexibility in the underlying data generating process and focus on recovering

credible treatment effects.

4 Empirical Strategy and Results for Road Infrastructure

Measures

In this section, we explain the strategies we use to recover estimates of causal effects
of highway connections and trade integration on prefecture GDP, population and GDP
per capita. We first show how we recover the direct effects of infrastructure. Because
infrastructure measures do not have a structural dependence on GDP or population in
other regions, it is straightforward to recover their treatment effects. We then present
results. Finally we do the key counterfactual of shutting off the expressway system using
the regression estimates and compare the results with what we find for that counterfactual

using the model.

4.1 Framework

We are interested in the effects of two measures of infrastructure on outcomes. The first

measure, which we denote L;;, describes efficiency units of roads within 450 km of the
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prefecture city.® To be consistent with the structural model and facilitate counterfactual
calculations, we weight expressways by 90/25 and other roads by 1. The EK model inter-
prets L;; as capturing the effects of trade integration with nearby prefectures in the region,
though it could capture other mechanisms as well. Second, E;; denotes the travel time over
the road network to the nearest international port. This measure is intended to capture
the effects of integration with international markets on local economic conditions. In the
context of the EK model, L and E can be thought of as reduced form measures of 7;; and
Tiz respectively.

It is plausible that each of these infrastructure measures is partly determined by some of
the same unobservables that drive outcomes of interest. To resolve this inference problem,
we rely on their 1962 counterparts as instruments, as is discussed in Section 2.4. Thus, a

general statement of our ‘Infrastructure only’ estimation problem is

Inyy = a+BInLy+vE;+ X0+ uy (8)
Lit = a1+ B1InLisz + 1 Eig2 + Xid1 + ny 9)
Eiy = as+ ,@2 In L;go + 1/12E¢62 + X,;09 + mzt. (10)

In (8), y denotes prefecture GDP or population and X denotes controls. We choose the set
of controls to be identical to those used in Table 5 so as to make reduced form and "struc-
tural" results more easily comparable. Because the instruments are the same, identification
concerns justify this same control set. The prefecture area control performs double duty.
It is structural from the model and accounts for the possiblity that more rural prefectures
may have had fewer roads in 1962. Other control variables are included with the same
justifications as discussed in Section 2.4. In particular, we control for variables that we
have reason to believe may be correlated with an instrument and drive GDP or population.

While credible recovery of coefficients of interest § and 1 in (8) is straightforward
given exogenous variation in transport measures, the interpretation of these coefficients
is complicated. For example, the structural model formalizes one indirect mechanism

through which L can influence y and tells us how coefficients may be heterogeneous in a

5We explore related measures in robustness checks.
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sophisticated way. Formally, we have the following recursive system which describes S.

0

5 - O gro-1_ Y drij Ty Y [ dlny; ]dMA]-]
8MA1 ; Y MAJ dLl MAJ MA] dlnMAJ dLZ
—0
dMAJ _ Z[—H’]ﬂ_e_l Y dek Tk Y dInYy B ]dMAk]
dL; ¥ MA, dL; | MA, MAy 'din MA, dL;

As seen above, the treatment effect of nearby roads is increasing in local output’s share
of market access and a function of how GDP or population in each prefecture throughout
the country depend on these roads. This complicated interpretation can be seen as a
statement of limited external validity of these estimates. It is therefore a challenge to use
such estimated effects to inform policy prescriptions. However, a more straightforward

model interpretation arguably exists for 1. In particular,

8yi . 8yz Y, 0Tz
OFE; OMA; MA, OF;

That is, given knowledge of N}fiw, 1 is informative about 818\%1- %E_”, and thus may be a

useful input to welfare calculations, and (after adjustment) for application to other con-
texts. The exogeneity of the international location helps in simplifying the interpretation
of this coefficient. Even if the market access model has its limitations, it shows how es-
timated effects of easier connections to domestic markets are complicated and unwieldy
while estimated effects of easier connections to international markets can have a more
straightforward interpretation.

Ultimately, we would like to understand the welfare consequences of the Chinese high-
way system. It may seem that one way to do this would be to compare coefficients for GDP
and population outcomes, however care is needed here because of potentially important
general equilibrium effects. For population, we can reasonably assume that treatments
could not have caused the aggregate to change. China’s one child policy makes it espe-
cially unlikely that highways could have promoted or dampened fertility much. However,
we cannot be certain about how the highway treatments received by all prefectures in the
country influenced average GDP. That is, positive estimated GDP effects may reflect posi-
tive treatment effects for GDP in more heavily treated locations and negative GDP effects
in less heavily treated locations, consistent with Faber’s (2014) evidence for example; al-

ternatively there could be positive GDP effects everywhere. As with the market access
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regressions discussed in Section 4, we carry out a parallel analysis in which we impose
constant population in regressions by controlling (and instrumenting) for 2010 prefecture
population explicitly. The results of these regressions allow us to isolate variation in GDP
after netting out migration effects - however we still cannot isolate the "level" effect on
average GDP per capita of the highway intervention.

One message that comes out of the discussion above is the likelihood that there exist
heterogeneous treatment effects of highways. In our empirical work, we focus on recovering
treatment effects as a function of the importance of a prefecture in its region. We count
each prefecture whose city has the largest population within a 6 hour drive over the 1962
road network at highway speeds as a regional primate prefecture. The model emphasizes
how these larger sources of demand (and market access) may be expected to see bigger

effects of roads, as formalized in ().

4.2 Results

Table 6 reports coefficient estimates from (8), in which infrastructure is instrumented using
1962 counterparts. Regional infrastructure has no estimated effect on output (Column 1)
and a negative estimated effect on population (Column 3). In particular, prefectures with
10 percent more road capacity nearby, measured in efficiency units, had 1.2 percent smaller
populations. While these results are at odds with what would be expected in an environ-
ment with free mobility, we will examine plausible explanations based on hukou migration
restrictions. Note absent controls, there are positive relationships between regional roads
and both population and output. That is, higher GDP and population regions had more
roads in 1962 and in 2010. However these locations gained less population than otherwise
would have been expected given their underlying productivities.

Commensurate with our empirical results inspired by the structural model, we find
strong evidence that better port connections led to greater local output and population.
Results in Columns 1 and 3 indicate that 10% less time to an international port lead to
1.6 percent higher GDP and 1% higher population. Because this result is conditional on
distance to the coast, it is driven by variation in the road network. Specification checks
reveal that this result is mostly driven by variation amongst prefectures within 500 km of
the coast, which is intuitive since far out prefectures are unlikely to be marginal producers
for export.

As is discussed above, these reported treatment effects are likely to incorporate substan-
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tial heterogeneity across prefectues. Raising travel speeds to locations with low demand
should have smaller effects from raising speeds to high demand locations. To get at this
in a simple way that is informed by the Ricardian model, we investigate how treatment
effects vary as a function of the importance of a prefecture in the local hierarchy. We count
all prefectures as "Rank 1" if they are have the largest population within a 6 hour drive
over the 1962 road network at 90 kph.

Results in Table 6 Columns 2 and 4 show that rank matters. Rank 1 fixed effects
have strong negative signs, indicating that large regional cities have smaller population
and GDP in 2010 than would be expected given their 1982 observables and proxies for
underlying productivity. However, those rank 1 cities that got better connected to nearby
areas had significantly greater GDP and population. In particular, 10% more efficiency
units of roads within 450 km of rank 1 prefectures led to 4.4% higher GDP and 2.5%
higher population. Remaining prefectures exhibit a negative relationship between road
connections and population, with a coefficient of -0.16. That is, it seems highways caused
people to migrate from other prefectures to regional primate cities. While our data does
not provide much information on migration paths, we suspect that most of this migration
is fairly local. Migration is less costly for moves to nearby cities since living without local
hukou is feasible and engineering hukou changes from nearby prefectures is easier in some
areas of the country. These results are also consistent with Faber’s (2014) evidence that
Chinese highways displaced economic activity from rural regions to nearby cities. We do
not find any evidence that regional primate cities benefit more from faster port connections.

One potential identification concern about these results is that 1962 highways are cor-
related with unobservables about cities that are fixed over time. To allay this concern,
Columns 5-6 of Table 6 show population results differenced between 1990 and 2010. They
are almost identical to the levels results in Columns 3-4. Given the 1982 controls, one
can think of the Columns 3-4 regressions as being first-differenced already. Because we
have incomplete and poorly measured GDP data for 1990, we do not present 1990-2010
differenced GDP results.

Columns 7-8 of Table 6 present regression results analogous to those in Columns 1-
2 with the addition of a control for 2010 prefecture population. This 2010 population
control is instrumented with predicted migration flows, as is explained in Section 2.4. The
reason that these results are not exactly the same as subtracting coefficients in Column 3
from those in Column 4, for example, is that here population is explicitly held constant.

Therefore, all variation across prefectures predicted by roads comes through remaining
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components of GDP, which may include market access. Results indicate insignificantly
greater per-capita GDP in prefectures with more roads built nearby, which may be driven
by greater market access in these locations. However, we do find greater per-capita GDP
in locations with faster connections to international ports. In particular, 10 percent faster
travel to an international port increases GDP per capita by about 0.5 percent. We find no
conclusive evidence that rank matters for capita GDP effects. That is, the rank effects on

GDP in Column 2 appear to be driven by the effects on population in Column 4.

4.3 Reduced Form versus Model Counterfactuals

As we discussed above, there are limitations on the conclusions we can draw about coun-
terfactuals using the regression results in isolation. Imposing a fixed national population
allows us to make predictions about prefecture population changes under counterfactual
road environments, albeit using estimates based on the marginal effect on any one city
from the current equilibrium of a marginal infrastructure change facing that one city.
However, recovering the effect on average GDP or GDP per capita in response to counter-
factual road networks is even more strained, given we expect from the model that general
equilibrium price effects are critical in evaluating welfare changes and there is no popula-
tion adding up constraint with with to adjust single equation estimates. So in this section
we focus on population changes.

Table 7 shows the results of the counterfactual exercise of shutting down the expressway
system by setting expressway speeds to ports to 25kph and in counting local roads giving
expressways a weight of 1 rather than 90/25. In Row 1, columns 1-3 we show results calcu-
lated using an equation that has no regional primate city distinction, while Rows 2-4 show
results when there is heterogenity of effects for regional primate versus all other cities. Row
2 shows average effects across cities, while Rows 3 and 4 break out gains and losses for
regional primate versus all other cities. In Columns 1 and 2, we separately examine the
effects of just altering regional road counts or domestic access and just altering driving
times to ports, with no adjustment for a national population constraint (because there is
no clear way to adjust components).

Consistent with Table 6, in Rows 1 and 2, on average cities gain with reduced local
access and lose because of reduced port access. In Rows 1 or 2, summing the average effects
of the two components leaves a small net loss. In column 3 we show both operating together

with all city populations adjusted by the same proportion so the net overall change is zero.
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The numbers in parentheses are the standard deviations of changes and show the degree of
“churning“. In Rows 3 and 4, we break out the changes for regional primate versus all other
cities. All types of cities suffer from reduced access to the coast, with relative variation.
Regional primate cities suffer from reduced local market access, while other cities reclaim
population from the regional primates under the counterfactual.

How do results differ from the model counterfactual? Model results are in Column 4
where there is no heterogeneity of regional primates in the model. Still in Rows 3 and 4 we
can show what the model predicts for regional primates versus all other cities. There as
expected regional primates are similar in responses, as all other cities, unlike the regression
model with heterogeneity. There are two other points of comparisons. First in Row 1
are standard deviations of changes, where under the model the degree of churning, or
the standard deviation, is similar to the regression model, with a modest reduction in
churning. Second, are maps of the spatial patterns of changes. These are in Figure 5.

Figure ba shows the model predictions as to the relative gain in population done in
percent changes, using again the rank-color scheme. In Figure 5 the borders of regional
primate cities are again outlined in black. As with GDP in Figure 4, winners are on the
coast and near coast regions in the dense part of the country. The most intense gainers are
on the Beijing-Shanghai axis and their hinterlands. Figure 5b shows a dichotomous split:
gainers in population in blue and losers in red. Figures 5¢ and 5d show intensity of gains
and then winners versus losers respectively, for the Table 6 Column 3 specification. Figures
5e and 5f repeat this for the Table 6 Column 4 coefficients where regional primate cities
experience differential effects. Even without distinguishing regional primate differentials,
in 5c and 5d we can see that there is less gain for the dense coastal areas favored in part
a; and there are now interior gainers, who have lower domestic market access to begin
with. Note in the regression counterfactuals (and model) all cities lose because of reduced
market access, so differentials are driven by domestic considerations. In Figures 5e and 5f
we see the role of regional primate cities, who are the intense losers from reduced regional
networks, while other cities in each of their hinterlands gain, resulting in a spread of gainers
throughout the country. The contrast between model predictions in 5b (or a) and 5f (or e)

is pretty stark.
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5 Extension to Market Potential Measures

One difficulty with looking at the direct effects of infrastructure is the likelihood of het-
erogeneous effects as a function of which locations the treatment highways are connecting.
The model clarifies how reductions in transport costs have greater impacts on economic
outcomes if they are between places with goods to trade. This observation leads us to
consider measures of market potential like (7) as alternative predictors, with exogenous
variation in this market potential achieved through exogenous road upgrades. In particu-
lar, we consider aggregate output reachable within a 6 hour drive over the road network

as our primary market potential measure, denoted

MP;, = ZYJI( hours of travel time ;; < 6) .
J#i
In principle, one may like to choose a gravity measure as in (7) or a nonparameteric version
thereof, and we experimented with those getting similar results. However, the challenges
associated with estimating treatment effects of market potential measures are sufficiently
large that we only have the power to use one at a time. Our M P; measure has the advantage
of being easy to quantify for policy evaluation purposes.

While market potential is a theoretically appealing way to measure the extent of a
transportation network, an examination of the relationship between market potential and
economic outcomes presents formidable econometric and conceptual challenges. The crux
of the difficulty is that output is a function of output in nearby locations. Therefore,
any unobserved components of output are also spatially correlated, and the independent
variable of interest is thus correlated with the error term by construction. For GDP as an

outcome, we have an estimation equation like
Iny; = s+ AlnMP; + ¢oFE; + X + v;. (11)

Because the only source of variation in "market potential" available from external markets
is the access to export nodes, we maintain the same measure for connection to external mar-
kets, Ej as above. Using MP; = Y. estAmMEH0E #5105 (hours of travel time;; < 6),
we see that In M P; is correlated with v; by construction. Assuming that we know that this
is the true data generating process for Iny; (such that there are no heterogeneous coeffi-

cients and that v; is orthogonal to other right hand side variables), there are established
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techniques to recover parameters of this spatial lag model (Kelejian & Prucha, 2010). How-
ever, we would like to allow for flexibility in model specification such that these standard
methods will not apply here. Gibbons, Overman & Pattacchini (2015) discuss the pitfalls
of taking spatial lag estimation too seriously.

Our solution is to make use of a truly exogenous component of In M P; as an instrument
- the km of 1962 roads within 450 km of each prefecture city but outside of the prefecture.
Results in Table 3 show that this is a strong predictor of market potential. The set of
control variables X is chosen exactly the same as above for the same reasons. Because
the instruments are exactly the same, the justifications of appropriate control variables is
exactly the same. This way of setting up the empirical work has the additional advantage
of making results in Tables 5, 6 and 7 directly comparable, as they only differ by their
dependent variables.

Note that this description of market potential tries to capture the idea that trade
within six hours drive is cheap, and beyond that is prohibitively expensive. This is broadly
consistent with observation in the US, where the preponderance of manufactured goods are
shipped less than this distance (Hillberry & Hummels, 2005). However, one can imagine
that the relationship between a prefecture outcome and connectivity to nearby places is
more nuanced. In fact it is straightforward to generalize to allow for the effect of market
potential to vary with driving distance, e.g., with 3, 6, or 9 hours drive. Practically,
identification challenges arise when we try to do this. We do not have sufficient first stage
power to achieve separate exogenous variation in market potential in different time bands.
This means that market potential results should not be interpreted as strictly applying to
6 hours’ driving time, but instead to the amount of economic activity reachable by road in
some sense.

Table 8 reports estimated effects of increasing GDP accessible within a 6 hour drive
alongside port access effects. These results are quite similar to the direct infrastructure
results. In particular, we find no direct effects of market potential on GDP and negative
effects on population. Prefectures with 10% greater market potential are estimated to have
7.8 percent lower population. Port access matters the same as in the raw infrastructure
regressions in Table 6, as should be expected given that instruments can separate out ex-
ogenous variation in port access from market potential. As with the infrastructure results,
we find that rank matters for the effects of market potential but not for port access.

At first glance, it might seem remarkable that results tell the same story for both in-

frastructure and market potential. Indeed, the model inspired market access regression
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results also give the same impression. Prefectures that became better connected to exter-
nal markets experienced GDP, population and GDP per capita growth. Prefectures that
became better connected to nearby areas did no better in terms of GDP and lost popula-
tion, resulting in potentially small GDP per capita gains. Lots of this relates to diversion
of population from rural prefectures to nearby primate cities.

The econometric explanation for the similarity in these results is that the instruments
in all three cases are the same. That is, the variation in each of these three classes of
variables that is being used to identify coefficients is the variation induced by the 1962
road network. Therefore, differences between coefficients in Tables 5, 6 and 8 must be
fully accounted for by differences in first stage rather than reduced form relationships. The
exogenous variation in nearby roads efficiency units, market potential and market access
is thus highly correlated by construction, thereby generating similar results.

While we recover coefficients that are not significantly different from 0 on GDP and
GDP per capita, we emphasize that this does not mean that building the highway network
in China resulted in no GDP effects, only that any GDP effects impacted prefectures
equally. Because there is only one China in our data set, we have no statistical power to

recover such potential level effects.

6 Conclusion

In this paper we apply the workhorse Eaton-Kortum model to analyze the impact of the
construction of the expressway network in China on the output and population of prefec-
tures. We find that the Ricardian domestic trade forces that are central to the EK model
have not been important in China, even from regressions based directly on that model.
Rather, there are two features which arise in regression equations, which seem central to
the process. First is the role of access to coastal ports which are a key driver in regres-
sions, which might be expected in a country with export driven growth as a policy. Second
are the hierarchy forces at work influencing outcomes. Domestic development spurred
by highways is focused on regional primate cities, at the expense of other cities in their
hinterlands. We speculate that this pattern may be driven by hukou and capital market
policies channelling resources for domestic development to regional primates. On the other
hand, for access to ports there is no differential in effects by place in the urban hierachy, in
a context where resources flow pretty freely across the now ubiquitous export processing

zones.

32



A Derivation of Model Equilibrium Conditions

a,,Vpl—a—
G W r "

The marginal production cost of a unit of a variety produced at location i is p” ,

where z; is productivity, ¢; is land rent, w; is the wage. This Cobb-Douglas form delivers
vY; = w; N; and aY; = ¢;L;, in which Y is total output, N is labor and L is land.
Consumers shop around for the lowest cost producer of each variety, taking into account
the set of iceberg transportation costs 7;; between all pairs of locations. 7;;—1 is the fraction
of the value required to ship each unit of exports from i to j. Given the properties of the
Fréchet distribution, Eaton & Kortum (2002) demonstrate that the equilibrium value of

trade flows between each pair of domestic origin and destination locations is given by

o 0 Y
Xij = mTi(qfw)]) eTijGC]\jA,'
j

(12)
In (12), Y; is destination income or GDP, sy = [['(#5=2)]=0/(1=)p=(1=a=9)/6 where o
is the elasticity of substitution parameter in preferences, and CMA; denotes "consumer
market access", which summarizes how accessible competing markets are for provision of
goods to d. Adding up the value of all flows into China from this expression, we have

I = Kle(qgwl)*a Yo [C%dAdT;cﬂ . In these expressions,

I
CMA; =k ZTz‘(qng)_eT;j9+/€1Tx(qgw;)_gT;C? = K1 Z E(Q?WZ)_QT;’Q‘F ij 7 lDfe
i i Zj [CMAj ij]

From (12), we see that more productive and lower cost origins ship more everywhere, more
is shipped to nearer destinations with lower values of 7;;, to those destinations with more
income, and to those destinations with less competition from other locations. If 6 is higher,
that means less productivity dispersion, so it is less likely that any given origin is going to
have a comparative advantage in producing as many varieties. CM A; is closely related to
the price index P; for location d. In particular, it aggregates the marginal production costs
across locations that supply goods to d. Prices are lower, and consumer market access is
higher, in locations that are better linked to other productive locations.

Summing over the value of all trade flows from 4 to j and x, we derive an expression

33



for total income or GDP at i:

Y; E
Vi = k1 Ti(qfw]) ™ S et B Sl —
o ; Y OMA; Y s Ti(gtw]) 0Ty

(13)

The second term within brackets is derived by setting Chinese exports E equal to the

sum of the value of all trade flows to & and can be rewritten as Ti_f CJ\?ZAI' We see

that GDP is decreasing in local production costs and increasing in destinations’ GDP.
If nearby destinations have greater consumer market access, total income is reduced be-
cause of greater nearby export competition. Denoting the term in brackets as "firm market
access" F'M A;, and inverting (13) to substitute for x17}(gfw;)~% within FM A;, and sub-

stituting for r17,(q%wi) ™% in CM A, using aggregate import flows, we have the following

equations, which reveal that FMA; = CM A; = M A; if imports equal exports.

Y, E
o —0_Yj 0
FMA = ) ehia, * e v, o
j / 2 [FMAjzj}
Y; 1
_ —o_Yi -0
OMA; = ) 7 w7 Y, 0
i ‘ 2 [CMAFIO}

The use of output information on domestic regions married with trade flow information to
and from external markets allows us to construct measures of market access that can be
decomposed. This is new to the literature.

With free mobility, it must be the case that the real wage is equalized everywhere, or

Ai%:_' =U=>w; = A%M A 16, Therefore, we have the following equilibrium relationship
between population, output and market access at each location: N; = % = U#%'
Substituting for ¢; and w; in (13), we derive equilibrium output in each location: InY; =
tiga (1 T) + 199 n(Li/a) + 1oz [In A; — InU] + {555 In M A;

Given data on exports, we recover the real value of output outside of China %ZAI using

_ Y (G V=00 _ Y, -0 Y; . :
E= i 2 Ti(6w)) 1 = aat 2 Tie 774+ Lhis allows us to to determine how

FE under various counterfactual scenarios.
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Table 1: GDP and Popoulation Spatial Distribution and Growth
Means with Standard Deviations in Parentheses
Prefecture Outcomes

Change
1990 2010 1990-2010

log GDP 3.78 6.82 3.04
(0.77) (0.94) (0.44)
log Population 14.95 15.09 0.14
(0.65) (0.66) (0.22)
Per-Capita GDP (millions) 16.50 303.2 286.6

(12.70) (189.6) (181.5)

Notes: Means and standard deviations are reported for the 282 prefectures in our data
that are comprised of more than one county or urban district.



Table 2: Predictors and Instruments

log 2010 Road Efficiency Units within 450 km

log Road Time to Nearest
Port
log Total Market Access

log Domestic Market
Access

log External Market
Access

log GDP Within 6 hour drive

log 1962 Roads within 450 km
outside of prefecture

log Road Time to Nearest
Port, 1962 (fast)

Rank 1 Prefecture Indicator

10.72
(0.40)
5.86
(1.31)
6.52
(0.04)
6.23
(0.04)
5.13
(0.06)
9.95
(1.30)
9.39
(0.29)
6.06
(1.42)
0.09
(0.29)

Market access variables are calculated as explained in the text.



Table 3: First Stage Regressions

log 2010 Road log 2010
Effiency Units within  log 2010 Timeto  log 2010 Prefecture log 2010 Market Domestic Market log 2010 External log 2010 GDP
450 km Nearest Port Population Access Access Market Access  Within 6 Hours
Instruments
log 1962 Roads within 1.05%** -0.30** -0.056 0.081%** 0.088*** 0.059%** 1.50%**
450 km, Excl own Pref (0.04) (0.13) (0.058) (0.0076) (0.0083) (0.0081) (0.24)
log 1962 Time to Nearest -0.016* 0.72%** -0.025 -0.0029** -0.00073 -0.0093*** -0.054
Port Given Road Upgrades (0.01) (0.072) (0.019) (0.0014) (0.0016) (0.0015) (0.04)
Migration Instrument 1.8e-07* -8.7e-07** 1.2e-06*** 2.3e-08** 2.5e-08** 1.6e-08* 4.6e-08
(8.72e-08) (4.1e-07) (3.3e-07) (9.6e-09) (1.2e-08) (9.6e-09) (2.8e-07)
Controls
log Prefecture Area, 2005 -0.079*** -0.060 -0.029 -0.011*** -0.014*** -0.0046 -0.51%**
(0.02) (0.053) (0.026) (0.0034) (0.0038) (0.0036) (0.11)
log Central City Area, 1990 0.0099 0.031 -0.039* -0.00083 -0.00081 -0.00082 -0.022
(0.01) (0.047) (0.022) (0.0020) (0.0024) (0.0020) (0.06)
log Central City Population, -0.039** 0.012 0.011 -0.0055** -0.0062** -0.0038 -0.0061
1982 (0.01) (0.062) (0.023) (0.0025) (0.0028) (0.0027) (0.08)
log Central City Roughness -0.0036 0.047 -0.0070 0.00045 0.00051 0.00025 -0.016
(0.01) (0.049) (0.014) (0.0015) (0.0017) (0.0017) (0.04)
log Prefecture Roughness -0.020** -0.037 0.0020 -0.0021* -0.0021 -0.0021* -0.032
(0.01) (0.033) (0.012) (0.0013) (0.0015) (0.0012) (0.03)
Provincial Capital 0.035 0.12 0.26*** 0.0021 0.0044 -0.0040 -0.16
(0.04) (0.13) (0.041) (0.0053) (0.0064) (0.0052) (0.14)
log Prefecture Population, 0.080*** 0.019 0.82%*** 0.014%** 0.017%*** 0.0053 0.58***
1982 (0.02) (0.074) (0.045) (0.0038) (0.0042) (0.0044) (0.13)
Share Prefecture Population -0.83%** -0.94 -0.48 -0.044 -0.071 0.037 -0.60
with High School, 1982 (0.31) (0.98) (0.42) (0.045) (0.050) (0.044) (1.22)
Share Prefecture Population -0.24 -0.45 -0.52%* 0.011 0.00013 0.044%** 0.73
in Manufacturing, 1982 (0.18) (0.59) (0.26) (0.020) (0.024) (0.019) (0.57)
log km to Coast 0.00017 0.062** -0.026** -0.0040%** -0.0031** -0.0066*** -0.023
(0.01) (0.029) (0.013) (0.0012) (0.0013) (0.0017) (0.04)
West Region -0.26%** 0.071 -0.020 -0.032*** -0.023*** -0.057*** -0.97***
(0.03) (0.087) (0.042) (0.0051) (0.0055) (0.0058) (0.15)
East Region -0.014 -0.16 -0.050 0.012%** 0.0040 0.038%** 0.37*%*
(0.02) (0.10) (0.039) (0.0033) (0.0038) (0.0039) (0.11)
Constant 0.73** 4.06%** 4.25%** 5.80*** 5.42%** 4.68%** -7.01%**
(0.36) (1.51) (0.81) (0.081) (0.087) (0.087) (2.47)
R-squared 0.88 0.88 0.92 0.81 0.75 0.88 0.76

Notes: Each column is a separate representative first stage regression. Each regression includes 282 observations.



Table 4: Results from the Quantitative Model
Means Across Prefectures Relative to Baseline of 1

Free Mobility
Utility GDP Exports

Panel A: Counterfactual Results

Set All Highway 0.948 1.012 0.985
Speeds to s to 25 kph

Increase all travel minutes 0.960 1.082 0.985
by 5 percent

Increase domestic travel 0.960 1.085 0.985
minutes by 5 percent

Increase travel minutes to 1.000 0.998 1.000

port by 5 percent

Panel B: Robustness for Reducing all Highway Speeds to 25 kph Given Free Mobility

theta alpha gamma rho Utility GDP Exports

3 0.1 0.7 1 0.949 0.983 1.003
10 0.1 0.7 1 0.950 0.990 1.034
5 0.05 0.7 1 0.947 0.986 1.013
5 0.15 0.7 1 0.950 0.984 1.011
5 0.1 0.6 1 0.945 0.981 1.009
5 0.1 0.8 1 0.951 0.988 1.014

0.1 0.7 0.5 0.972 0.992 1.006
5 0.1 0.7 2 0.909 0.974 1.021

Notes: Each row shows the average of the object in each column header as a result of imposing the counterfactual listed at left.
Each counterfactual in Panel A uses parameter values a=0.1, y=0.7, p=1, 6=5. Shipping speeds are 25 kph on ordinary roads
and 90 kph on highways. Exports in 2010 were 107022.8 million RMB.



Table 5: Market Access Regressions

log Prefecture GDP, 2010 log Prefecture Pop, 2010 log Prefecture GDP, 2010
log Market Access 2.91* 0.63 2.04*
(1.61) (0.93) (1.24)
log Domestic Market Access -8.79* -6.84%* -1.20
(4.59) (3.42) (2.10)
log External Market Access 13.3%* 8.54* 3.82*
(5.73) (4.62) (2.13)
Icensuspop2010_pref 1.19%** 1.11%**
(0.12) (0.13)
log Prefecture Area, 2005 0.0079 -0.093 -0.034 -0.10** 0.045 0.019
(0.071) (0.092) (0.036) (0.049) (0.059) (0.064)
log Central City Area, 1990 -0.083* -0.10* -0.023 -0.035 -0.056 -0.062
(0.048) (0.058) (0.025) (0.031) (0.037) (0.040)
log Central City Population, 0.12** 0.11* 0.033 0.028 0.082* 0.083
1982 (0.056) (0.068) (0.028) (0.032) (0.048) (0.051)
log Central City Roughness -0.059* -0.054 -0.00068 0.0028 -0.058** -0.057**
(0.032) (0.038) (0.013) (0.017) (0.026) (0.028)
log Prefecture Roughness -0.013 -0.0060 0.0051 0.0097 -0.019 -0.017
(0.026) (0.032) (0.011) (0.014) (0.021) (0.022)
Provincial Capital 0.60*** 0.73*** 0.33%** 0.41%** 0.21%** 0.27%**
(0.12) (0.15) (0.045) (0.086) (0.090) (0.099)
log Prefecture Population, 0.51*** 0.63*** 0.81*** 0.88*** -0.44%** -0.35%**
1982 (0.12) (0.12) (0.074) (0.051) (0.11) (0.12)
Share Prefecture Population 1.03 -0.41 0.14 -0.82 0.86 0.51
with High School, 1982 (0.98) (1.06) (0.51) (0.55) (0.68) (0.74)
Share Prefecture Population 2.56%** 1.47* -0.051 -0.78 2.61*** 2.33**x*
in Manufacturing, 1982 (0.49) (0.78) (0.24) (0.55) (0.35) (0.39)
log km to Coast -0.059* 0.032 -0.039** 0.022 -0.013 0.0078
(0.035) (0.046) (0.020) (0.025) (0.025) (0.031)
West Region 0.013 0.47* 0.030 0.33 -0.027 0.099
(0.12) (0.27) (0.058) (0.20) (0.093) (0.12)
East Region 0.23%** -0.28 0.021 -0.32* 0.21%** 0.075
(0.084) (0.24) (0.041) (0.19) (0.065) (0.100)
Constant -20.8** -16.0 -0.86 1.66 -19.1%* -17.8%*
(10.0) (10.9) (5.46) (5.67) (7.90) (7.56)
First stage F 68.2 20.8 68.2 20.8 8.67 10.7
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Table 6: Infrastructure Regressions

log Prefecture Pop, 2010
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log Prefecture GDP, 2010

log Road Eff. Units within
450 km of Prefecture City

X Rank 1 Prefecture
log Driving time to nearest

international port

X Rank 1 Prefecture
log Prefecture Population, 2010
Rank 1 Prefecture
log Prefecture Area, 2005
log Central City Area, 1990
log Central City Population,
1982
log Central City Roughness
log Prefecture Roughness
Provincial Capital
log Prefecture Population,
1982
Share Prefecture Population
with High School, 1982
Share Prefecture Population
in Manufacturing, 1982
log km to Coast
West Region

East Region

Constant

First stage F

-0.029
(0.13)

-0.16%*
(0.07)

-0.043
(0.06)
-0.10%*
(0.05)
0.12%*
(0.06)
-0.049
(0.03)
-0.022
(0.03)
0.65%**
(0.11)
0.56%**
(0.09)
0.49
(0.92)
1.96%**
(0.57)
-0.020
(0.03)
-0.088
(0.11)
0.16*
(0.08)
-0.61
(2.04)

236

-0.13
(0.14)

0.44%*
(0.19)

-0.18**
(0.08)
0.080
(0.08)

-5.16%*
(2.26)
-0.057
(0.07)

-0.092*
(0.05)
0.10*
(0.06)
-0.053
(0.03)
-0.028
(0.03)

0.69%**
(0.11)

0.56%**
(0.09)

0.58
(0.93)

1.94%%x
(0.58)

-0.0097
(0.03)
-0.099
(0.11)
0.15*
(0.08)

0.71
(2.25)

161

-0.12%*
(0.06)

-0.10*
(0.05)

-0.057*
(0.03)
-0.033
(0.03)
0.033
(0.02)
0.0045
(0.01)

-0.00022
(0.01)

0.36%**
(0.05)

0.83%**
(0.05)
-0.25
(0.42)
-0.49
(0.36)

-0.0081
(0.01)
-0.022
(0.04)
-0.043
(0.04)

5.13%**
(1.40)

236

-0.16**
(0.07)
0.25%**
(0.09)
-0.11*
(0.06)
0.032
(0.05)

-2.82%*
(1.15)
-0.066**
(0.03)
-0.031
(0.02)
0.028
(0.02)
0.0040
(0.02)
-0.0038
(0.01)
0.38%**
(0.06)
0.82%**
(0.05)
-0.26
(0.44)
-0.51
(0.37)
-0.0028
(0.01)
-0.024
(0.05)
-0.051
(0.05)
5.87%%*
(1.58)

161

-0.13%**
(0.04)

-0.069**
(0.03)

-0.051*
(0.03)
-0.025
(0.02)
0.031*
(0.02)
0.0043
(0.01)
0.0027
(0.01)

0.26%**
(0.04)

-0.095***
(0.03)
-0.38
(0.34)
-0.10
(0.22)

-0.0046
(0.01)
-0.023
(0.03)
-0.028
(0.03)

3.59%**
(0.83)

236

-0.16%**
(0.05)
0.23%**
(0.07)
-0.075**
(0.03)
0.0096
(0.03)

2.43%%*
(0.86)
-0.051*
(0.03)
-0.024
(0.02)
0.028*
(0.02)
0.0020
(0.01)
0.00015
(0.01)
0.28%**
(0.04)
-0.11%%*
(0.03)
-0.44
(0.33)
-0.10
(0.22)
-0.00034
(0.01)
-0.034
(0.04)
-0.034
(0.03)
4.23%**
(0.92)

161

0.100
(0.11)

-0.047*
(0.03)

1.09%**
(0.14)

0.019
(0.05)
-0.064*
(0.04)
0.080
(0.05)
-0.054%*
(0.03)
-0.022
(0.02)
0.26***
(0.10)
-0.34%%*
(0.12)
0.76
(0.70)
2.49***
(0.37)
-0.012
(0.03)
-0.065
(0.09)
0.21***
(0.06)
-6.18%**
(1.41)

5.14

0.056
(0.11)
0.16
(0.16)
-0.051*
(0.03)
0.043
(0.05)
1.13%%*
(0.12)
-1.97
(1.85)
0.018
(0.06)
-0.057
(0.04)
0.073
(0.05)
-0.057%*
(0.03)
-0.024
(0.02)
0.26***
(0.09)
-0.37%%*
(0.11)
0.88
(0.70)
2.52***
(0.37)
-0.0065
(0.03)
-0.072
(0.09)
0.20***
(0.06)
-5.94%%*
(1.58)

4.25



Table 7: Reduced form and Model Impacts of Downgrading Expressways
Counterfactual-Actual Means with Standard Deviations in Parentheses

Reduced Form Model
Highways
become 25 Port travel
kph time at 25 kph Both Both
(1) (2) (3) (4)
Changes in population counts, no regional primate distinction 497,608 -516,872 0 0
(414,346) (404,330) (381,028) (345,336)
Changes in population counts with regional primate heterogeneity 508,379 -547,987 0
(577,749) (401,093) (533,654)
Component: Changes in population in regional primate prefectures -660,645 -656,733 -1,091,474 5,358
(614,332) (587,348) (853,214) (696,192)
Component: Changes in population in other prefectures 627,108 -536,942 110,853 -2,593
(421,111) (377,000) (329,620) (291,368)

Notes: Counterfactuals in Columns 1 and 2 are not normalized to sum to 0 change. Counterfactual in Column 3 is renormalized to sum to 0 aggregate
population change. Model base counterfactual in column 4 is constructed to have zero aggregate population change.



Table 8: Market Potential Regressions

log Prefecture GDP, 2010 log Prefecture Pop, 2010 log Prefecture GDP, 2010
log GDP within 6 hour drive, 2010 -0.021 -0.10 -0.078* -0.13%* 0.071 0.044
(0.09) (0.12) (0.04) (0.06) (0.07) (0.09)
X Rank 1 Prefecture 0.15* 0.099** 0.038
(0.09) (0.04) (0.06)
log Driving time to nearest -0.16** -0.19** -0.10* -0.13* -0.043 -0.050
international port (0.07) (0.08) (0.05) (0.07) (0.03) (0.03)
X Rank 1 Prefecture 0.12 0.066 0.043
(0.10) (0.06) (0.06)
log Prefecture Population, 2010 1.09%** 1.13%%*
(0.14) (0.12)
Rank 1 Prefecture -1.99 0.046 -1.19* -0.64
(1.23) (0.04) (0.65) (0.82)
log Prefecture Area, 2005 -0.052 -0.083 -0.095** -0.11** 0.050 0.042
(0.09) (0.10) (0.04) (0.05) (0.07) (0.08)
log Central City Area, 1990 -0.10** -0.11* -0.037 -0.041 -0.062 -0.060
(0.05) (0.05) (0.03) (0.03) (0.04) (0.04)
log Central City Population, 0.12%* 0.12%* 0.036 0.037 0.077 0.075
1982 (0.06) (0.06) (0.03) (0.03) (0.05) (0.05)
log Central City Roughness -0.049 -0.052 0.0059 0.0037 -0.054** -0.056**
(0.03) (0.04) (0.02) (0.02) (0.03) (0.03)
log Prefecture Roughness -0.023 -0.030 -0.0011 -0.0059 -0.022 -0.024
(0.03) (0.03) (0.01) (0.01) (0.02) (0.02)
Provincial Capital 0.64%** 0.68%** 0.34%** 0.36%** 0.27%** 0.27%**
(0.10) (0.11) (0.05) (0.06) (0.09) (0.09)
log Prefecture Population, 0.57%** 0.58%** 0.86%** 0.87%** -0.38*** -0.39%**
1982 (0.11) (0.11) (0.06) (0.05) (0.13) (0.13)
Share Prefecture Population 0.50 0.57 -0.22 -0.22 0.72 0.82
with High School, 1982 (0.91) (0.95) (0.41) (0.45) (0.68) (0.68)
Share Prefecture Population 1.98%** 1.94%** -0.42 -0.45 2.41%** 2.44%**
in Manufacturing, 1982 (0.54) (0.56) (0.35) (0.36) (0.35) (0.35)
log km to Coast -0.021 -0.0077 -0.010 -0.0018 -0.010 -0.0056
(0.03) (0.04) (0.01) (0.02) (0.03) (0.03)
West Region -0.10 -0.18 -0.063 -0.12 -0.021 -0.049
(0.14) (0.17) (0.06) (0.08) (0.11) (0.13)
East Region 0.17** 0.18** -0.012 -0.0079 0.18%** 0.18%**
(0.08) (0.09) (0.04) (0.04) (0.07) (0.07)
Constant -0.78 0.31 4.48%** 5.21%** -5.61%** -5.58%**
(1.54) (1.81) (1.20) (1.37) (1.01) (1.19)

First stage F 18.8 6.67 18.1 6.67 12.9 5.56
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Figure 1: Illustration of Chinese Road and Highway networks: (a) 1962 national roads; (b) 1990
national roads; (c) 1999 limited access highways; (d) 2010 limited access highways. In all figures,
the extent of our study area is indicated in pink.



Figure 2: Top panel (a) shows market access calculated from realized Gpr and the observed
transportation network. Colors indicate ordinal rank of the prefecture’s market access, with darker
colors indicating prefectures with larger market access values. Panel (b) shows the corresponding
graph for the portion of market access determined by the domestic trade costs and Gpr. Panel (c)
is the corresponding graph for the export portion of market access.



Figure 3: All panels illustrate rankings of prefectures, with darker colors indicating larger values
of the relevant value: (a) observed 2010 Gpr; (b) observed 2010 population; (c) estimated T¥p, the
model parameter €; and (d) estimated amenity value, the model paramter A. Note that panels (c)
and (d) show generally larger TFP near the coast and larger amenities in the West.



Figure 4: Counterfactual changes in Gppr. Top is logs and bottom is levels. In the left column,
colors indicate a prefectures ranking, darker colors indicate a larger increase in Gpp under the
counterfactual transportation network. In the right column, red indicates losers and blue indicates
gainers. In all panels, highlighted prefectures are ‘rank 1" as defined in the text.
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Figure 5: Counterfactual changes in logs of population. In the left column, colors indicate a
prefectures ranking, darker colors indicate a larger increase in population under the counterfactual
transportation network. In the right column, red indicates losers and blue indicates gainers.
In all panels, highlighted prefectures are ‘rank 1" as defined in the text. The top row indicates
population changes predicted by the model. The second row indicates population changes under
reduced form counterfactual 1. The third row indicates population changes under reduced form
counterfactual 2.
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