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Abstract

This paper examines a new mechanism through which transportation infrastructure, designed
exclusively to enhance geographic integration of domestic markets, affects a country’s export
performance. By leveraging the expansion of China’s high-speed rail (HSR) as a quasi-natural
experiment, we provide robust evidence that the enhanced within-sector integration resulting
from this infrastructure development significantly boosts firms’ export performance. This impact
is observed through increased export sales and volume, expanded market reach, and improved
product quality. Our findings are consistent with the notion that HSR connections facilitate
knowledge spillovers among exporters, which aids them in overcoming information barriers and
thereby improving foreign market access. Importantly, we address potential confounding factors
and demonstrate that the findings remain robust when accounting for alternative channels such
as supplier and customer access and labor market pooling effects. This study underscores the
pivotal role of domestic transportation infrastructure in mitigating information frictions and

driving a country’s international market integration.
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1 Introduction

The developing world has witnessed a remarkable surge in infrastructure investments aimed at
enhancing internal market access for consumers and firms. A primary focus of these investments is
the development of transportation networks. This infrastructure not only facilitates the movement of
people and goods but also fosters the geographic integration of regions, and thus offers opportunities
for the exchange of ideas and information. Meanwhile, a recent body of research has highlighted
the presence of information frictions that serve as barriers for firms in developing economies that
seek to enter foreign markets.! This paper aims to connect these two aspects by identifying a new
channel: the improvement of domestic transport networks as a means to reduce information barriers
in accessing export markets.

To test this idea, our study leverages firm-level data that cover the universe of exporters in
China, coupled with a quasi-natural experiment associated with the creation of the world’s largest
high-speed rail (HSR) network. This network, designed exclusively for passenger transportation,
dramatically increases travel speed between Chinese cities and thus fosters increased face-to-face
interactions between individuals and businesses while keeping shipping costs unchanged.? Anecdo-
tal evidence supports the idea that HSR allows business managers to frequently visit commercial
hubs hundreds of miles away to learn about market conditions and gain insights into businesses.?
Although HSR is believed to facilitate knowledge diffusion across regions, formal empirical evidence
is limited.*

Our empirical assessment of the impact of geographic integration on firm exports is carried out
in two steps. The first exercise provides causal evidence on the positive impact of HSR on export
performances. This effect implies that there are positive spillover effects; that is, the geographic
integration of export activity positively impacts firms’ export performance. However, spillovers can
take different forms. Through the lens of the traditional agglomeration rationales first defined by

Marshall (1920), the geographic integration of exporters may improve their access to customers

!See Atkin and Khandelwal (2020) for a review of recent literature and Allen (2014) and Startz (2016) for direct
empirical evidence.

2The HSR network also distinguishes itself from traditional intracity metro systems by catering not only to
commuters but also facilitating long-distance travel and connectivity.

3For instance, an article in the New York Times in 2013 reports that after HSR connected Changsha and
Guangzhou, the sales manager of a Chinese garment export company based in Changsha increased the frequency of
his business trips to Guangzhou from twice a year to once a month. As he told the reporter, “More frequent access
to my client base has allowed me to pick up on fashion changes in color and style more quickly... My orders have
increased by 50 percent.” Source: New York Times, Sept 24 2013

4A notable exception is Bernard et al. (2019), who study how the construction of a new high-speed rail line in
Japan facilitates domestic buyer-supplier matches through more frequent face-to-face meetings.



and suppliers, required labor inputs, and knowledge or ideas. Therefore, in the second step, we
investigate specific form(s) that underlie the reduced-form spillover effects.

Our empirical investigation is guided by a parsimonious model that establishes a direct link
between the extent of geographic integration and a firm’s export performance through the channel
of information friction reduction. The model generates the testable prediction that the concentration
of export activities around a firm reduces the information frictions faced by the firm and improves
export performance both intensively and extensively. The model serves two main objectives. It
first serves as a basis for deriving empirical measures of the extent of exporter integration. More
importantly, the model yields the econometric specification for the subsequent analysis, and thereby
provides a theoretical interpretation of the spillover effects.

To examine the model’s predictions, we use the early-phase expansion of the HSR network in
China between 2008 and 2013 as a quasi-experiment to assess the causal impact of geographic in-
tegration on firm export performance. The measures of exporter integration we adopt are derived
from the model and capture a firm’s access to export activities in the same sector at all surrounding
locations via the available railway transportation network. We test whether firms that are more con-
nected with other exporters in the same sector as a result of HSR improve their export performance
and export decisions. The identification strategy exploits the staggered opening of HSR stations
and lines to adopt a triple-difference estimation model. The first difference is the time difference,
since we compare the export revenue of firms before and after a change in exporter integration. The
second difference is the export growth in locations with more vs. fewer changes in connectivity to
surrounding locations. The last difference is the differential growth of firms located in the same
location but exporting in different sectors. This strategy allows us to control for location-specific
shocks, which greatly alleviates conventional concerns about the endogenous locations and opening
times of the transport infrastructure. The validity of the triple-difference estimate depends on the
parallel trends assumption with regard to relative differences in the export performance of firms in
the same location across different sectors with and without an HSR connection. We conduct an
extensive battery of robustness checks to examine the validity of the identifying assumptions.

We find that with the opening of an HSR station, the improved integration of exporters within
the same sector increases a firm’s export revenue. This is driven by a reduction in the unit price of
exported products and an increase in export volume, consistent with the hypothesis that geographic
spillovers drive down the costs of accessing foreign markets. We also find evidence of improved export

performance along the extensive margins: Firms export to more destination countries, update their



export product varieties more frequently, and expand their export product menu. We next carry
out an extensive set of robustness checks. We first show that the results are not driven by persistent
city-sector trends that are correlated with the HSR rollout. Results are also robust to considering a
lagged treatment, dropping the largest sector in a city, and restricting the sample to a balanced panel
of firms and firms in cities with an HSR station by 2016. We show that the p-values of estimates from
a nonparametric permutation test are similar to baseline estimates and that the estimates are not
confounded by improvement in internet connectivity. The results are also qualitatively unaffected
by using alternative estimators to address bias associated with the traditional two-way-fixed effects
model (Sun and Abraham, 2021; Goodman-Bacon, 2021; Borusyak et al., 2022).

In the second part of the paper, we explore the economic mechanisms behind the empirical
results to investigate how exporters benefit from greater geographic integration. Our theoreti-
cal framework proposes a particular microfoundation by focusing on the diffusion of export-specific
knowledge across space. In the model, firms acquire export-specific knowledge to overcome informa-
tion frictions. Export-specific knowledge can be acquired through exchanges with other exporters,
which is subject to geographic frictions and hence is more effective between firms closer to each
other. We build on this idea by presenting evidence consistent with the particular mechanism of
knowledge diffusion and investigate the nature of export-specific knowledge.

We first show that the spillovers benefit exporters specifically (and not just firm-level TFP
improvement) by showing that even within a firm, exports grow more in destinations when firms
are more intensively integrated with other same-sector exporters that specialize in exporting to the
same destinations. Using pairwise analysis, we further demonstrate that connected firms converge
on the set of export destinations. The results are also robust to including an independent measure
of integration with general production activities.

Second, we investigate the nature of the spillovers using a heterogeneity analysis. Treatment
effects are stronger for smaller firms and for firms that export products with quickly evolving styles,
are located in more remote regions, export to less open destinations, and are not in a processing
trade. Our results suggest that firms that face greater knowledge acquisition costs tend to expe-
rience greater export performance improvement, which may imply that the geographic integration
of exporters improves a firm’s access to knowledge. Even when directly controlling for the other
two types of Marshallian agglomeration externalities—i.e., access to suppliers and customers and
access to required labor inputs (Marshall, 1920; Glaeser et al., 2015)—we still obtain quantitatively

similar effects. Altogether, the evidence is consistent with the mechanism highlighted in the model:



Face-to-face interactions between firms in the export market improve export performance, because
firms can more efficiently acquire export knowledge and/or more easily share knowledge.

Finally, we present evidence on the nature of the export-specific knowledge being acquired by
examining changes in export product quality after the HSR opening. On average, the product
qualities improve following HSR-induced exporter integration. Through a decomposition exercise,
we further show that firms acquire knowledge that improves the quality of products exported to
existing set of destinations and facilitates exports to higher-quality destinations.

This paper is related to several strands of the literature. First, we contribute to the growing
literature that studies information barriers in the export market. Recent literature suggests that a
major friction for firms seeking access to foreign markets is information trade barriers, in contrast to
the physical transportation cost to ship a product from one country to another (Rauch, 1999; Lovely
et al., 2005; Allen, 2014; Startz, 2016; Ahlfeldt and Feddersen, 2018; Cai and Szeidl, 2017; Stein-
wender, 2018; Atkin and Khandelwal, 2020). Previous literature shows that information barriers
in international trade can manifest in various ways, includingcontractual cost and information fric-
tions regarding the price, consumer preference, distribution channels in destination countries. Our
study contributes new empirical evidence demonstrating that improving domestic transportation
infrastructure can play a role in overcoming these barriers by promoting face-to-face interactions.

We also enrich discussion of the interactions between globalization and economic geography.
While a large literature demonstrates the heterogeneous impact of trade on local economic activities
within countries (e.g., Autor et al., 2013; Kovak, 2013; Caliendo et al., 2019), we know little about
whether and how domestic economic geography affects a country’s international trade performance.
Previous studies focus on heterogeneity in shipping costs across different locations within a country
and how this can affect exports (e.g., Fajgelbaum and Redding, 2022; Cosar and Fajgelbaum, 2016).
Our empirical setting allows us to distinguish between the movement of people (and their ideas)
and the movement of goods. Since HSR is used exclusively for passenger service, we disentangle
the effects of facilitated human interactions from the transport costs of shipping goods. This is
important because some interventions (e.g., roads, air travel) necessarily move both, while others

(e.g., HSR, the internet) move only people and/or ideas.” Distinguishing these two aspects provides

°In contrast to the large literature on the impact of transportation infrastructure (e.g., Redding and Turner, 2015;
Cosar and Demir, 2016; Lin, 2017; Heuermann and Schmieder, 2019; Charnoz et al., 2018; Fiorini et al., 2021), our
paper concentrates on the interaction between transportation infrastructure and exporting activities. Our analysis
reveals the role of infrastructure in reducing travel time for individuals and thus encouraging more frequent face-to-
face interactions, which spurs knowledge diffusion and idea exchanges among exporting firms. It is therefore also
closely related to the nascent literature that leverages transportation infrastructure shocks to study firm-to-firm
linkages (e.g., Giroud, 2013; Bernard et al., 2019).



guidance for policymakers when allocating scarce resources.’

More broadly, our work relates to the literature on spatial knowledge transmission (Marshall,
1920; Duranton and Puga, 2003; Cristea, 2011; Comin et al., 2012; Davis and Dingel, 2019; Tian,
2021). In contrast to studies that primarily focus on knowledge exchange within locations, this
paper focuses on knowledge creation and transmission between exporting firms located in different
regions. In particular, we show that transportation infrastructure that reduces commuting time
across regions, such as HSR in China, can facilitate knowledge spillovers between exporting firms in
the connected locations. Our work expands empirical evidence on the nature and extent of spatial
knowledge transmission and its associated agglomeration externalities. In this regard, our work is
related to Glaeser et al. (2015), who highlight the role of urban networks—cities linked by high-speed
transit—in the diffusion of ideas.

The rest of the paper proceeds as follows. In Section 2, we develop a simple stylized model that
generates testable predictions and guides the empirical analysis. Section 3 presents the identification
strategy, data, and institutional background of the HSR expansion in China. Section 4 reports the
empirical findings and conducts robustness checks. Section 5 investigates the economic channels

that drive the empirical results, and Section 6 concludes.

2 A Stylized Model

In this section, we present a model to motivate the subsequent empirical investigations. The
model embeds a static version of the spatial knowledge diffusion model (see, e.g., Berkes et al., 2021)
in a standard Melitz (2003) framework to derive a regression model for a firm’s export revenue.
If there are spillovers associated with exporting, a firm’s expected revenue will increase as the
extent of geographic integration increases. While the empirical analysis in the next section remains
agnostic on the underlying mechanism(s) that drive how exporters benefit from domestic geographic
integration, the model incorporates a particular mechanism: Integration with other exporters allows
firms to acquire knowledge more easily and, in turn, overcome frictions in export markets. We
present further empirical evidence consistent with this microfoundation of knowledge spillovers in
Section 5.

The economy comprises a set of S sectors, indexed by s € S. We assume that the home country

In this regard, our paper is also closely related to contemporaneous work by Marin et al. (2020) and Bakker
(2021), both of whom leverage structural models to quantitatively assess the strength of geographic spillovers in
export. We complement these papers by providing microfoundations for the reduced-form assumptions they adopt.
Using our unique empirical setting, we provide causal empirical evidence for such export-specific agglomeration forces.



has N asymmetric trading partners, indexed by n € A.” Given income, a representative consumer
decides how to allocate consumption over local final goods from all sectors with a Cobb-Douglas
aggregator. Within each sector s, differentiated varieties are aggregated in a CES manner. These

preferences yield the following demand curve for variety z in country n:
an(z) = pn(z)_gpgs_l(asEn)a

where P, and agFE, are, respectively, the sectoral price index and expenditure in the export market
n and sector s, and o > 1 is the elasticity of substitution across varieties.®

A continuum of heterogeneous firms compete monopolistically within a sector (Melitz, 2003).
Each firm manufactures a unique variety with constant marginal cost and a fixed per period overhead
cost, f4.9 The amount of labor required to produce ¢ units for a firm with productivity level ¢ is
l=f¢+ %. Firms enter the market by paying an entry cost, f¢, to draw their productivity from a
distribution g(¢). Conditional on its productivity draw, a firm has the option to exit the market.
Finally, firms are also exogenously assigned a production location.'®

Given our assumptions on consumer preferences and market structure, the standard Melitz
results apply for firms that sell only in the domestic market, with firm revenue and profit determined
by the productivity draw ¢,. Conditional on remaining in the market, a firm decides whether or
not to export to a particular destination. Consistent with the standard model, exporting incurs an
additional bilateral fixed cost, denoted by f7, and standard bilateral iceberg transportation costs,
Ten > 1, for all export destinations n.

In contrast to the standard model, we explicitly incorporate in the model information barri-
ers to enter the export market, such as uncertainties over foreign consumer preferences (Startz,
2016), distribution channels (Yamawaki, 1991), and prices in the export markets (Allen, 2014). To
overcome these frictions, firms need to acquire export-specific knowledge, which is endogenously
determined through a two-step process, inspired by Buera and Oberfield (2020). At the beginning
of each period, every firm z receives an idiosyncratic and independently distributed export-specific

insight w,. These insights can include, but may not be restricted to, knowledge about demand

"We omit subscripts where appropriate for the home country to save on notation.

8See Appendix A for model details and derivations for all theoretical results presented in this section.

9We henceforth use z to index both a variety and a firm.

101t is straightforward to extend the model to include endogenous location choices by firms, following setups in, for
example, Gaubert (2018) and Tian (2021). However, we adopt the simplifying assumption of exogenously assigned
location in the baseline model, since we focus on the set of firms that do not change locations over time in our
empirical analysis.



in the destination market, distribution channels, and marketing strategies. Firms invest to build
their insight collection capacity, denoted as A, which increases firms’ insight draws on average. To
improve A, by one unit, a unit cost c is incurred.!

In the second step, firms’ self-collected insights are diffused as a process that involves interactions
among all exporters of the same sector in the country. An exporter z can choose to adopt another
exporter’s insight, w,/, from all 2’ € Z\z, subject to a discount of f(d,,/) < 1, Vz # 2/, where
f(d,,) captures the geographic frictions that discount the quality of interactions. Specifically, d, ./,
with f’(-) < 0, is the bilateral effective distance between firms z and 2’ and is determined by both
the geographic distance and the connectivity between the two locations. This reflects the idea that
better integrated regions facilitate acquisition of knowledge remotely. At the end of the period,

given the vector of insights, exporters adopt one insight to maximize the profit:

05 (2z) = max{w,, max {w,,}} = max{w,, max {f(d.. )w,}}. (1)
ZE€Zs\z ZE€Z\2z

Following conventional literature (e.g., Berkes et al., 2021), we further assume that all insight
draws follow a Fréchet distribution with a cumulative distribution function (CDF) given by F(w) =

*)‘2”79, where 6 > 1 is the dispersion parameter and the scale parameter A, > 0 is the endogenously

e
determined investment in insight collection capacity. Since multivariate Fréchet draws with the same
dispersion parameter are max-stable, T (z) in (1) also follows a Fréchet distribution with dispersion

parameter # and scale parameter given by

S\S(z) =X+ Z Ay [f(dzz’)]e- (2)

Z'€Z\z
It is worth highlighting that 5\5(2) is a key variable in our model. It reflects a firm’s access
to other exporters (and their insights), or the extent of geographic integration. All else equal,
exporters that are better geographically integrated have greater 5\3(2) and tend to receive higher
export-specific knowledge on average.
Our framework enriches the standard Melitz model with the addition of export-specific geo-

graphic spillovers. Firms in the export market acquire export-specific insights ¢%(z), which are

drawn randomly from the endogenously determined distribution described earlier. Given ¢%(z),

1The unit cost can be sector or firm-type specific to reflect different information intensities or knowledge acquisition
difficulties across firms. With differentiated costs, firms may choose different insight collection capacities. We explore
this extension further in Section 5 and Appendix A.3.



total revenue obtained from exporting is

ri(z) = (=2 a Y RaPo i ) et (2))77 (3)
(=)

TLGNZ

where N, is the set of export markets that firm z engages in and Ry, and Pj, are, respectively, the
sectoral aggregate revenue and price index in export market n. Given the Fréchet assumption of

the export-specific insight draws, the expected value of export revenue is given by

E(E(2) = m ( ) mw;*ﬁg”) &2 (xs<z>)5]a_1, (@)

neN,

o—1

l1—0o
where k1 = ( g ) (T'(1—5))°! and T'(-) is the gamma function.
Recall that potential exporters pay a unit cost of ¢ to improve their insight collection capacity

.. Given the CES preferences, the total expected export profit is

E(ri(2) = 52 (Z RP> e ()] e s )

neN, neN,

where ry = 1 <ﬁ)1_a (T'(1—5))°" and N is the set of countries z exports to. We therefore
have \*(z) = argmax,_ E(7§(z)) pinned down by the first-order condition of the expected export
profit of a firm with respect to ..

Finally, firms will enter the export market if the expected profit in (5) is non-negative. Given
our assumptions on consumer preferences and market structure, as well as production and export
costs, we can show that firms sort not only according to their productivity, as is in Melitz (2003),

but also according to 5\8(2), the scale parameter that captures the extent of geographic integration

among exporters. Formally, the productivity cutoff is given by

s ] ©

Y Tsn
pon(As(2)) = |k

P., (xs(z)) ‘

where g, (As(2)) is the lowest productivity required in sector s to export to country n for a given
value of \s(2).
Relative to the results yielded by the standard Melitz model, our framework highlights the role

of geographic integration in a firm’s export decisions. This is reflected in (4) and (6), in which both



the intensive and extensive margins of export are a function of geographic integration—i.e., :\S(z),
a decreasing function of firm’s effective distance with other exporters d,,,. We formalize this result

in the following proposition.

Proposition 1. All else equal and conditioning on exporting, the firm’s export revenue increases
with its geographic integration with other exporters in the same sector. Formally, we have

dE(ri(z) _,. dE((2)
ddzz’ <0 ddzz’

< 0.

This result is reminiscent of the classic agglomeration externalities discussed by Marshall (1920).
Koenig et al. (2010) also document this stylized fact by comparing firms across locations. How-
ever, using such cross-sectional data to identify the relationship between geographic concentration
and export performance is challenging due to unobserved factors that drive both the geographic
location of firms and export values. To overcome this identification challenge, we consider model
predictions when there is exogenous variation in the extent of geographic integration through re-
duction in bilateral geographic frictions between two locations—e.g., improvement in transportation

infrastructure.

Proposition 2. In response to an exogenous reduction in d,,, all else equal, (i) firms already
exporting increase their volume of export on average; and (ii) the share of exporting firms, denoted
by Zsy, increases. Formally, we have

OE(r5(2) _ . 0Zsn
a, <0

0.
8dzz’ <

Proposition 2 provides testable predictions in the setting of transportation infrastructure im-
provement. First, improvement in infrastructure reduces geographic frictions and hence strengthens
the integration of firms in locations that receive the new infrastructure. In particular, conditional
on exporting, a firm would increase its export revenue. Firms would also increase their export

activities along the extensive margin by entering into more export markets.'?

12For simplicity, we consider single-product firms in the baseline model. In Appendix A.3, we extend the model,
following Bernard et al. (2011), to include multi-product firms. In addition to generating the same set of theoretical
predictions as in the baseline model, we further show that firms would increase the number of products exported in
response to a reduction in geographic friction—another extensive margin of export.

10



3 Empirical Strategy

In this section, we first derive the regression specification based on the model to test predictions
in Proposition 2. We then discuss the background of HSR development in China and the empirical
strategy in leveraging the expansion of the HSR network as a quasi-natural experiment to identify
the effects of geographic integration on firm export performance in a triple difference model. Finally,

we describe the data used in the empirical analysis.

3.1 Deriving Econometric Specification

Building on the theoretical insights developed in Section 2, we derive the econometric specifi-
cation that allows us to identify the effect of geographic integration on firm exports. From (3), we

derive the expected value of firm 2’s log export revenue:

E (logr{(2)) = const + log (Z Ry Pg, Mgy ") + (0 — 1) log . + Blog As(2), (7)

where 3 = (0 —1)/6 > 0.1 Assuming that (7) holds for all exporters in each period, we obtain the

following estimating equation for E (logr%,(z)):
Yast = st + Oz + /szst + Last, (8>

where 9,4 is the log export revenue by firm z in sector s at time ¢, ay is a fixed effect that is
common across firms in a given sector-year, o is the time-invariant firm-specific productivity term,
which also controls for any unobserved time-invariant location factors, x,s = log S\St(z) is the extent
of the firm’s geographic integration, and ¢,s; = [(0 — 1) Inp(z;t) — a] + [logr%(2) — E(log r%,(2))]
is a combined error term that contains unobserved time-varying productivity shocks and deviations
of log export revenue from its mean.

Our reduced-form coefficient of interest is 3, for which a positive value lends empirical support to
the prediction that exporter integration positively impacts firms’ export performance. Empirically
identifying the sign of 3 is challenging for a variety of reasons; paramount is that exporters’ locations
could be endogeneous. Specifically, if certain location fundamentals (e.g., proximity to a port,
availability of skilled workers) affect both the geographic concentration of firms and their export

decisions, then estimating 8 through OLS would suffer from omitted variable bias, or Cov(x s, L2t) #

13See Appendix A.2 for derivation details.
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0.1 To address this problem, we need to find exogenous shocks to exporter integration that are
uncorrelated with firms’ export performances. We do so by exploiting a quasi-natural experiment:
Expansion of the HSR network in China reduces geographic frictions between firms and thereby
induces a plausibly exogenous change in the extent of geographic integration for exporting firms

affected by the HSR network.

3.2 HSR in China

The HSR project in China is by far the world’s longest high-speed railway network. It has a
total length of 37,900 km at the end of 2020 and accounts for two-thirds of the world’s total high-
speed railway networks.'® The development of an HSR network in China started in the early 2000s,
when the State Council, in its revised Mid- to Long-Term Railway Development Plan, set a goal of
creating a national HSR grid composed of four north-south corridors and four east-west corridors,
with a budget of around 4,000 billion yuan (State Council, 2008).'% Since then, the HSR network
has expanded rapidly, as shown in Figure 1.

The arrival of HSRs has reduced travel time by rail drastically across Chinese cities.'” For
example, the travel time between Beijing and Shanghai was shortened from 13 hours to 5 after
the opening of the Beijing—Shanghai HSR. As a result, HSR has become a preferred commuting
mode among passengers, especially business travelers. Nationally, HSR ridership increased from
300 million in 2010 to 830 million in 2014, of which the majority are business travelers (Lin, 2017;
Dong et al., 2020).18

The criteria used by the Ministry of Railway to decide which cities are connected to the HSR
network is unclear to the public. Zheng and Kahn (2013) propose two possibilities. One possible
criterion is to maximize ridership by connecting megacities and cities that are expected to boom.
Another possible criterion is associated with motives opposite to the first one—i.e., by connecting
smaller and weaker cities to enhance growth potential and reduce spatial growth inequalities. They
also test the differential economic growth between cities with and without an HSR station during

2001 and 2005. There are no significant differences in GDP growth, wage growth, or distance to

14YWe discuss other identification challenges and our empirical strategies in Section 3.5.

https://en.wikipedia.org/wiki/High-speed rail in_Chinaftcite note-1

16Figure B.1 provides more detailed discussion of the history of HSR development in China.

"Traditional trains run at a speed of 120 to 160 km/hr, while HSR runs at above 250 km/hr and can reach a top
speed of 350 km/hr. Therefore, travel time across regions can be reduced by 40% to 60%.

18 Competitive fare prices for HSR also contribute to the fast growth of ridership. These are on average USD
0.07/km, which is cheaper than HSR in Europe (USD 0.10-0.20/km) and Japan (>USD0.20/km) (Lin, 2017).
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Figure 1: Expansion of the HSR Network

X N\
"z -~
(a) 2008 (b) 2009
RS
- 0% —
( / o ( /
J 2
(c) 2010 (d) 2011

(/
J J

(e) 2012 (f) 2013

Notes: This figure shows the rapid expansion of HSR lines during 2008 and 2013. As a result, more and more city
pairs were connected by the HSRs, which significantly reduced the commuting time between them.
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megacities, except for a slightly higher population growth in cities without an HSR. connection.?

The advent of HSR has boosted local economic growth and promoted economic integration over-
all. For example, Lin (2017) documents that a city’s employment increased by 7% after connecting
to the HSR network, and Zheng and Kahn (2013) show that the opening of an HSR station is
associated with rising real estate prices in nearby secondary cities. However, not all regions benefit
equally from HSR expansion: Qin (2017) and Yu et al. (2019) find that connected peripheral regions
experience a decrease in GDP per capita after connecting to the HSR network. The above findings
are mainly based on city-level analysis, while evidence of the impacts of HSR on firms’ performances
is relatively limited, mainly because of the unavailability of high-quality panel data on firms over
the period.

Anecdotally, however, there is evidence suggesting that HSR allows business managers to fre-
quently visit commercial hubs hundreds of miles away to learn about market conditions and business
insights. For instance, as reported by the New York Times in 2013, after HSR connected Changsha
and Guangzhou, the sales manager of a Chinese garment export company based in Changsha in-
creased the frequency of his business trips to Guangzhou from twice a year to once a month.?0 As
he told the reporter, “More frequent access to my client base has allowed me to pick up on fashion
changes in color and style more quickly... My orders have increased by 50 percent.” Consequently,
HSR is believed to facilitate knowledge diffusion across regions, although direct empirical evidence

is still limited.?!

3.3 Data

We assemble a novel dataset for the empirical analysis. Our main data source is China’s General
Administration of Customs, which enables access to a panel dataset of all Chinese exporting firms
from 2000 to 2013. Our central analysis focuses on 338,863 exporting firms that had exported
at least one time before their city connected to the HSR network.?? For each exporting firm, we
observe its export revenue and export volume by product type (HS8 level) and destination country
at annual frequency. We can also observe a series of firm characteristics, such as the city a firm

locates in, firm ownership status (private versus state owned), and the sector(s)—defined as an HS2

19This evidence is in line with the second criterion and is also consistent with our event study in Figure 3.

O New York Times, Sept 24 2013 (https://www.nytimes.com/2013/09/24/business,/global/high-speed-train-
system-is-huge-success-for-china.html).

21The only exception, to our knowledge, is Dong et al. (2020), who study the role of HSR. in knowledge diffusion
among academic researchers. They find that after HSR connects two cities, researchers from these two cities are more
likely to become coauthors, and coauthor team productivity also increases.

22(Cities are defined as prefectures and the four autonomous municipalities in China.
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product category—in which it operates.

The customs data include the entire set of exporting firms regardless of firm size, which al-
lows us to explore potential heterogeneous responses between small and large exporting firms. One
limitation of the export data is that it does not include firms that never exported, and hence we
cannot observe a firm’s export entry decision directly. Fortunately, information about the destina-
tion countries a firm exported its products to offers an alternative way to measure its market entry
decisions. As detailed in the next section, we use the numbers of export destinations and export
product variety to study a firm’s extensive decisions regarding entering specific export markets.

Information on the rollout of the HSR network and the opening dates of HSR stations comes
from the China Railway Statistical Yearbook and ChinaMap (Li et al., 2016). We collect data on
train schedules from the official website of the Chinese National Railway Administration to calculate
the amount of time it takes to commute between any two cities each year via regular trains and
HSR.?? We consider both direct trains and one-stop transfers to allow HSR. to reduce the commuting

time for part of or an entire trip.

3.4 Measuring Geographic Spillovers

To estimate (8) empirically, we need to construct an empirical measure for the integration
of exporters. Recall that the model-based definition for exporter integration is defined in (2), i.e.,
As(z) = dovez, A [£(d..)]? . We adopt the following measure, which incorporates the modifications

necessary to adapt to the empirical context:

Test = Z Z Tffto (Z/) f(dcc’t)' (9)

c#c 2’ €244, ()

In particular, we proxy for A,, the firm’s own insight collection capacity, using the firm’s export

revenue. As shown in (4) of the model, firms that choose greater collection capacity expect higher

24, 25

export revenue on average. Also, firm locations are observed up to the city level.26 We therefore

ZThe link to the website is www.12306.cn.

24More precisely, the expected export revenue depends on both the firm’s exogenously given productivity ¢, and
the endogenously determined insight collection capacity A,. However, as we show in Lemma 3 of Appendix A.3, A\,
is an increasing function of (., which implies a direct positive association between a firm’s expected export revenue
and its insight capacity.

25The main empirical patterns remain the same if we assume that export firms have an equal insight capacity. As
shown in Table C.3, Panel C, the results are robust to using the number of firms as weights in constructing z.s, i.e.,
M- = 1 for all firms.

26Cities are defined as prefectures. A Chinese prefecture includes an urban core and suburban and rural areas.
Mainland China is divided into 333 prefectures. We provide more details on the data in Section 3.3.
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use the city in which a firm is located to measure geographic frictions between firms, f(dccft).
Further, a firm’s own city is excluded in the aggregation to avoid a mechanical correlation between
Y.st and Tegee. To avoid reverse causality, we use the firm’s average annual export revenue from
2000 to 2007—the period before the rapid roll-out of the HSR network—to construct z.s. We
finally state the parametric specifications for the geographic friction function, f (deert), in the two
alternative measures below:

1. HSR connection status-weighted export revenue:

Lest = Z Z r?to (Z/) X H(HSRcc’t)’ (10)

c'#c 2'€Zst ()

where I(HSR,) is an indicator function that takes the value of 1 if ¢ and ¢’ are connected by the
HSR in year ¢, and 0 otherwise.?”

2. Travel time-weighted export revenue:

Tt =) | D Th(2)| /T(Train,,), (11)
e |2 €Zay ()
where T(Train_,) is the shortest travel time by train (regular if there is no HSR).

In both (10) and (11), st resembles the market access measure in the international trade
literature—e.g., Donaldson and Hornbeck (2016)—and reflects a firm’s access to other exporters
(and, by association and through the lens of our model, their insights). Both measures incorporate
the two key elements that determine exporter integration across space: All else equal, firms that are
surrounded by more export activities or are better connected to other exporters are more integrated.
The measures also emphasize the role played by the HSR connection in strengthening geographic
integration for affected firms. The first measure in (10) adopts a more reduced-form and less
restrictive form, while the second in (11) considers variations in travel time reductions due to the
HSR expansion across city pairs, but takes a stronger stance on how reduction in travel time benefits
the firm’s export performance. Under measure 1, only firms on the HSR network would experience
an increase in the geographic integration of exporters. Measure 2, in contrast, accounts for the
fact that a city not directly connected but adjacent to the HSR network can also benefit from the
HSR expansion. Following Lin (2017) and Kuang et al. (2021), we use commuting time via regular

trains to measure commuting time between cities not served by HSR. We do not consider highway

2TWe consider both direct connections and one-stop transfers.
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commuting because, as demonstrated by Lin (2017), the opening of an HSR station does not lead
to any decrease in highway ridership. We also do not consider air travel because (a) the market
share of air travel up to 2007 is relatively low (less than 1%) and (b) HSR passenger poaching
effects on air travel are mild (Lin, 2017). The mismeasurement of commuting time changes will
cause attenuation bias and render our estimates a lower bound of the true effect, if any.

With the universe of export records and information on HSR rollout, we construct the two main
independent variables to measure exporter integration in (10) and (11). Figure 2 provides a visual

illustration of the HSR-driven improvement in exporter integration across cities in China.?®

3.5 Addressing Identification Challenges

To identify the effects of the HSR-induced strengthening of exporter integration across space,
we need to address the potential endogeneity problem that arises from implementation of the in-
frastructure. In particular, the location and opening time of HSR stations may be correlated with
long-term trends at city-year level that could potentially affect the firm’s export decisions. To
address this concern directly, we add to the estimating equation a city-year fixed effect, a., that

controls for all location-specific shocks. Our baseline estimating equation thus becomes

Yost = Qgt + Oy + Ot + Bajcst + Last, (12)

where we normalize z.s by the standard deviation of its change from 2007 to 2013 across firms to
simplify interpretation of 5. With the normalization, 8 can be interpreted as the change in the
outcome variable associated with a one-standard deviation increase in the geographic integration of
exporters driven by the HSR expansion.

The regression equation in (12) adopts a triple difference model. The intuition for identification
is as follows: HSR expansion is expected to bring higher export performance gains for an exporter
connected with more exporters in the same sector compared with an exporter connected with fewer
exporters. Therefore, the first difference is the time difference as we compare the export revenues of
firms before and after the HSR connection. The second difference is the export growth in locations
with and without HSR access. The last difference is the differential growth of firms located in
the same city but exporting in different sectors. In adopting this setup, the treatment effect is

effectively identified based on the within-city differences in the export performance of firms that

Z8For each city, we calculate the average increase in exporter integration from 2007 (one year before the rollout of
HSR) to 2013 (end of the study period) across firms in that city.
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Figure 2: Spatial Distribution of Changes in Exporter Integration

(b) Measure 2

Notes: This figure plots HSR-driven improvement in exporter integration across cities in China. Measure 1 and

Measure 2 are defined in (10) and (11), respectively, and are normalized by the standard deviation of their respective
change from 2007 to 2013 across firms. We calculate the increase in the measure of exporter integration from 2007

to 2013 across firms and take the average at city level.

export in different sectors.

This triple difference setup can address several endogeneity concerns convincingly. First, differ-
ential growth trends across sector-destination markets—e.g., strengthened export competition as a
result of the HSR expansion—would be controlled by sector-year fixed effects. Second, one might
be concerned that firms’ location choices are endogenous to the anticipation of imminent HSR ex-
pansion. This will be addressed by firm fixed effects. Finally, a common concern associated with
HSR construction is that the location of HSR stations and the timing of station openings are not

random. A particular concern is that new HSR lines are introduced in areas with expected stronger
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or weaker export growth in the future. In our specification, this is taken care of by the city-year
fixed effects.

The validity of the triple difference estimate depends on the parallel trends assumption regard-
ing the relative differences in the export performance of firms in the same cities across different
sectors in the absence of an HSR connection. The remaining threats to identification include local
governments’ lobbying for a HSR station to enhance the growth of certain sectors as well as the
possibility of firms’ sorting into new export hubs based on anticipating that these places will grow
due to the HSR connection. When these happen, variation in the effective concentration of export
activities x.s+ would be correlated with ¢,5. To address the first concern, we argue that there is
limited scope for local governments to influence the alignment and implementation timeline of the
HSR, and show this using an event study in Section 4.1. We further examine the robustness of our
results to dropping firms in the largest sector within a given city, since these are firms that can
potentially exert the greatest political influence to lobby for a local HSR connection. For the second
concern, we control for the spatial sorting of firms by restricting the analysis to the set of firms that
do not change locations for the entire study period. This is discussed further in Section 4.3.

Lastly, the success of this identification strategy also hinges on the fact that exporting firms
from different sectors tend to concentrate in different regions in China. Otherwise, changes in the
geographic integration of exporters would not create variations among firms from different sectors
after their city connects to other cities via HSR. Reassuringly, as shown in Figure C.1, there is rich

variation in the spatial concentration of export activities across sectors in China.

4 Empirical Results

We present the estimation results in this section. We first show that HSR-induced improvement
in the integration of exporters increases a firm’s export activities both intensively and extensively.

We then discuss robustness checks to address a series of potential threats to identification.

4.1 Event Study

Before estimating (12), we first conduct an event study to investigate whether there is systematic
difference in terms of export growth between firms with and without an HSR opening by the end
of 2013. We use the year before the HSR opening as the benchmark year and plot the coefficients

in Figure 3. While there are parallel trends between firms with and without an HSR station
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before the HSR connection, the positive response in firm export is the largest in year 0 after the
HSR connection and declines over time. Responses from the post-period are consistent with the
conjecture discussed in Section 3.2, whereby HSR, aims to connect cities that have relatively weaker
growth potential in the future. If so, this would violate the common trend assumption of a standard

difference-in-differences setup and hence motivates our triple-difference research design.

Figure 3: Event Study
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Notes: This figure shows that parallel trends hold for exporting firms with and without HSR stations before the HSR
connection. After the HSR connection, the positive response in firm export is the largest in year 0 and declines over
time. In particular, we estimate the following regression: Inr,. = Zk:...,73,72,0,1,2,.‘. HkH(HSR)’Zt + az + 7+ €zet,

where I(HSR)X, = 1 if city c is connected to the HSR network in year ¢t — k.

4.2 Baseline Results

For the baseline analysis, we focus on investigating firms’ export growth along several margins,
using (12). We first estimate the impact of the strengthened geographic integration on firms’ total
export revenue. To examine the extensive margin of exporting decisions, we investigate, as part of
the baseline analysis, changes in the number of foreign destinations to which a firm exports and the
number of products a firm exports.

Estimation results are reported in Table 1. We find a statistically and economically significant
increase in a firm’s export revenue in response to an HSR-~driven improvement in exporter integra-
tion. Table 1, Columns 1 and 2 report that a one-standard-deviation increase in integration leads

to an increase in export revenue by 3% to 4%.2° This result confirms the prediction in Proposition

29Tn the baseline analysis we cluster error terms at the level of city, which is the level of HSR intervention. We show
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2: Firms that have already exported increase their volume of exports in response to an increase
in the integration of export activities. We also compare the baseline results with a specification
controlling only for firm and year fixed effects, which is equivalent to a conventional difference-in-
differences method. As shown in Table 4, Panel D, the estimated effects would be halved without
city time-varying effects with larger standard errors. This finding further confirms that HSR tends
to connect cities in which exporting firms are expected to decline, and hence it is crucial to control

for time-varying effects at the city level.

Table 1: Impact of Exporter Integration on Firm Export Outcomes
(1) (2) (3) (4)

Dep. variables log(export revenue) No. exp destinations

Ind. variables Measure 1 Measure 2 Measure 1 Measure 2

Test 0.0429FF  0.030%%%  0.202%%F  0.105%%*
(0.007) (0.006) (0.038) (0.037)

Observations 2,032,156 2,032,156 2,032,156 2,032,156
R-squared 0.738 0.738 0.805 0.805

This table shows the estimation results for (12) and shows that HSR-driven improvement in exporter integration

increases a firm’s export activities. Measure 1 and Measure 2 are defined in (10) and (11), respectively. Columns 1
and 2 show that conditional on exporting, a firm enjoyed higher export revenue after an improvement in exporter
integration driven by expansion of the HSR network. Along the extensive margin, as shown in Columns 3 and 4,
exporting firms entered more foreign markets. The outcome variable for the third and fourth columns counts the
number of foreign countries a firm sells its products to. We control for firm fixed effects, city time-varying effects and
sector time-varying effects. Robust standard errors clustered by city are in parentheses: *** p<0.01, ** p<0.05, and

* p<0.1.

We next investigate whether the increase in export revenue is driven by price or volume effects.
As shown in Table 2, the increase in export revenue is driven entirely by an increase in the export
volume, while the unit price goes down. A one-standard-deviation increase in exporter integration
leads to an increase in export volume by 7% to 8%, while the unit price decreases by around 4%.
These findings are consistent with the model assumption that the geographic integration of exporters
helps firms overcome trade barriers. In doing so, affected firms would increase export quantity and
reduce price (driven by the lower marginal costs due to reduced frictions).

Next, we study export firms’ market entry decisions to examine the impacts on the extensive
margins of export. In the baseline, we approximate a firm’s entry decisions using the number of
destination countries a firm exports to. As shown in Table 1, Columns 3 and 4, exporting firms sell

their products to more foreign countries in response to an increase in exporter integration across

in Table C.3, Panel B that the standard errors are virtually identical when clustering error terms by city-sector-year.
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Table 2: Export Revenue Decomposition
(1) (2) (3) (4)
Dep. variables log(price) log(quantity)
Ind variables Measure 1 Measure 2 Measure 1 Measure 2

Test -0.045%F%  _0.035%%*  0.087FFF  0.066%**
(0.007) (0.009) (0.011) (0.010)

Observations 2,028,602 2,028,602 2,028,602 2,028,602
R-squared 0.852 0.852 0.798 0.798

We decompose export revenue into quantity and price, and use each as the outcome variable to estimate (12).

Measure 1 and Measure 2 are defined in (10) and (11), respectively. Results suggest that the increase in export
revenue observed in Table 1 is driven by an increase in quantity, while the unit price goes down. We control for firm
fixed effects, city time-varying effects and sector time-varying effects. Robust standard errors clustered by city are in
parentheses: *** p<0.01, ** p<0.05, and * p<0.1.

space. A one-standard-deviation increase in exporter integration leads to firms exporting to 0.1 to
0.2 more foreign markets.

We study another aspect of the extensive margin, the export product variety. To conduct
the analysis, we define each HS8 category as one product variety, then sum up the number of
product types a firm exports every year as well as the number of product categories the firm adds
or drops in that year compared with the previous year’s exports. As shown in Table 3, improved
integration causes a firm to update its product set more frequently by adding and dropping more
product categories per period (Columns 1 and 2). Columns 3 and 4 further show that firms tend to
expand their exported product categories: A one-standard-deviation increase in the integration of
exporters leads to an increase in export product variety by 3 to 4%. Recent research has shown that
Chinese firms update their product categories as a way to overcome information frictions, especially
regarding the tastes of foreign consumers (e.g., Startz, 2016). Our findings thus provide suggestive
evidence that strengthened geographic integration among exporters may allow firms to acquire
better information about foreign demand and respond accordingly by adjusting their production
lines. Therefore, when information friction reduces, exporters can adjust even more quickly to
capture the market growth. We explore the underlying economic mechanisms in more detail in

Section 5.

4.3 Robustness Checks

We conduct a series of robustness checks in this subsection. First, the baseline analysis is

undertaken at yearly level, but some HSR lines were only opened toward the latter part of the year—
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Table 3: Adjustment of Exported Products
ORI G @
dded roppeé
Dep. variables % In NES'S

VA
Ind. variables Measure 1 Measure 2 Measure 1 Measure 2

Test 0.044%%%  0.026%*  0.036%%F  0.026%%*
(0.008) (0.010) (0.007) (0.007)

Observations 1,638,608 1,638,608 2,032,156 2,032,156

R-squared 0.401 0.401 0.806 0.806
Notes: This table shows the estimation results for (12). Measure 1 and Measure 2 are defined in (10) and (11),

respectively. This table shows that exporter integration causes a firm to update its product category (Column 1 and
2); it also raises the total number of products a firm exports (Column 3 and 4). We define each HS-8 category as
one type of product. We then count the number of products a firm exports every year and the number of products a
firm adds and drops compared with the previous export year. In all the regressions, we control for firm fixed effects,
city time-varying effects, and sector time-varying effects. Robust standard errors clustered by city are in parentheses:
*** p<0.01, ** p<0.05, and * p<0.1.

and thus there might not be enough time for firms to react to the improved exporter integration
induced by HSR in the same year. To this end, we redefine the treatment of HSR, using HSR status
from the previous year and report the results in Table 4, Panel A. The results are very similar to
the baseline outcome.

Next we address remaining concerns that HSR is introduced to enhance connectivity for firms
in certain sectors—e.g., if the largest sector in a city expects to benefit from HSR connection, those
firms may use their political connection to lobby the government to open an HSR station. This
is unlikely to be the case, given that the planning for HSR begins years before implementation.
Therefore, there is limited room for local governments to change the routes. With that in mind,
we nonetheless conduct this robustness check by dropping firms in the largest sector within a given
city, which are likely firms with the greatest political influence. As shown in Table 4, Panel B, the
results are in line with the baseline results.

We also show that the conclusions are unchanged if we restrict the sample to a balanced panel of
firms to remove any potential composition effects. In the baseline, we include all firms with at least
one year of export history before the HSR connection; hence firms that ceased exporting before the
end of the study period are also included. For a robustness check, we restrict the sample to firms
with a positive export volume in both 2007 and 2013. As shown in Table 4, Panel C, the estimates
are quantitatively similar to using the baseline sample.

A related concern is that firms can decide to locate in cities with or without planned HSR
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Table 4: Robustness Checks
(1) (2) (3) (4)

Dep. variables log(export revenue) No. exp destinations

Ind. variables Measure 1 Measure 2 Measure 1 Measure 2

Panel A. Lagged treatment
Test 0.044%** 0.0277%* 0.288%# 0.180**
(0.013) (0.008) (0.101) (0.074)
Observations 2,032,156 2,032,156 2,032,156 2,032,156

Panel B. Excluding the largest sector
Test 0.048%+* 0.030%** 0.182% 0.145%**
(0.008) (0.007) (0.040) (0.036)
Observations 1,740,255 1,740,255 1,740,255 1,740,255

Panel C. Balanced panel
Test 0.047%** 0.040%** 0.229%%* 0.170%**
(0.009) (0.008) (0.047) (0.057)
Observations 975,743 975,743 975,743 975,743

Panel D. No control for city time-varying effects
Test 0.026* 0.033** 0.052 0.102
(0.013) (0.014) (0.063) (0.065)
Observations 2,032,190 2,032,190 2,032,190 2,032,190

This table shows that the baseline results are robust to a series of alternative regression specifications. Measure 1

and Measure 2 are defined in (10) and (11), respectively. Panel A shows that results are quantitatively similar if we
define treatment by HSR using HSR status from the previous year. Panel B shows that results barely change when
dropping firms in the largest sector within a given city. Panel C shows that the estimates become even greater if we
restrict the sample to firms that exported in both 2007 and 2013. Panel D shows that the baseline effects shrink by
one-third to one-half without controlling for city time-varying effects. We always control for firm fixed effects, city
time-varying effects, and sector time-varying effects, except in Panel D. Robust standard errors clustered by city are
in parentheses: *** p<0.01, ** p<0.05, and * p<0.1.

stations, and hence firms from cities without any planned HSR station are not comparable to the
rest. We show in Table C.3, Panel A that the results barely change when we exclude firms from
cities that did not have an HSR station by 2016.

Further, we conduct a permutation test to show that the p-values derived from the permutation
tests are quantitatively similar to the baseline results. In particular, we randomly select a set
of city pairs for each year between 2008 and 2013, and assume, counterfactually, that they were
connected by HSR. The number of connected city pairs is set to match the actual number of
connections in the corresponding year. We then use the counterfactually assigned HSR pair dummies

to construct the first exporter integration measure in (10) and rerun the regression. The distribution
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of coefficient estimates based on 200 simulations is shown in Figure 4 (a), and none are greater than
the true estimates. That corresponds to a p-value of 0. For the second measure in (11), we reshuffle
the reduction of commuting time between city pairs caused by the HSR network expansion and
recompute the second measure. We rerun the regression using the counterfactual measure and plot
the estimation results in Figure 4 (b). For 98% of the simulations, the true estimate is greater than

the simulated result, which indicates a p-value of 0.02.

Figure 4: Permutation Test
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Notes: This figure shows that the p-values derived from the permutation tests are quantitatively similar to the baseline
results. Measure 1 and Measure 2 are defined in (10) and (11), respectively. For the first measure, we randomly
select a set of city pairs for each year during 2008 and 2013. The number of connected city pairs is specified to be
the same as in reality in the corresponding year. We then use the falsely assigned HSR pair dummies to construct
the first exporter integration measure and rerun the regression. For the second measure, we reshuffle the reduction of
commuting time between city pairs caused by the HSR network expansion and recompute the second measure. The
distribution of coefficient estimates based on 200 simulations is shown in (a) and (b) correspondingly. The p-values

of the estimates are 0 for Measure 1 and 0.02 for Measure 2, both of which are close to the baseline estimates.

There might also be concern that the growing internet penetration in China is confounded with
expansion of HSR. Better internet facilitates the collaboration of teams over long distances and
hence improves a firm’s export performance. Table C.2 allays this concern by showing that internet
penetration is not positively correlated with HSR connection, and hence the baseline results cannot
be explained by improved internet connectivity.

Our results would be compromised if the positive impact of exporter integration on export
performances was a byproduct of persistent city-sector trends that are correlated with the HSR

rollout. To examine the relevance of this critique for our analysis, we re-estimate a slight variant of

25



(12) by taking time differences of the relevant variables:
Nyps = BATes + e + s + Las, (13)

where Ay, is the change in export revenue (or number of export destinations) from the year before
the HSR rollout in the city till 2013, A x.s is the change in exporter integration measure for a
firm in city ¢ and sector s over the same period, and a. and «y are city and sector fixed effects,
correspondingly. The placebo test, on the other hand, uses a dependent variable that is the change
in outcomes over years before the HSR rollout. This test assesses whether confounding long-run
city-sector trends are present in the data. These exercises, presented in Table C.1, reveal no evidence
that current impacts of exporter integration on export performance are simply the byproduct of
continuing patterns of regional growth in certain sectors.

Our baseline identification strategy leverages the staggered rollout of the HSR network. Results
based on such estimator are sometimes difficult to interpret, as units treated early act as controls
for units treated later, leading to bad comparisons (e.g., Goodman-Bacon, 2021). Relative to a
standard difference-in-differences setup discussed in this literature, our baseline approach deviates
in two ways: (i) we adopt a triple difference estimator; and (ii) the treatment is continuous. To

carry out the robustness checks, we first discretize our treatment variable.
Zest = I(PostHSRe) x I(HighSectors), (14)

where I(PostHSR,) is an indicator function set to 1 if city ¢ has a HSR station open in or prior
to year t, and I(HighSector)s is an indicator function taking the value of 1 if sector s has above
median changes in its exporter access between 2008 and 2013.3° With Z.g in hand, we estimate the

following regression as our baseline staggered triple-difference model:
Yzest = Qst + Qz + Ot + Bi'cst + Lest- (15)

We then compare the baseline results with the alternative estimators that can be adopted for the

triple difference setting. Table 5 shows that the same conclusions are reached when using alternative

3098pecifically, for each HS2 sector, we calculate the average improvement in exporter access between 2008 and
2013 across all firms in that sector using (10). We then classify sectors to be High if its average improvement in
exporter access by 2013 is above the median. Accordingly, firms whose main sector belongs to the High group have
their I(HighSector)s variable set to 1.
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estimators in Borusyak et al. (2022) and Sun and Abraham (2021).

Table 5: Results using Alternative Rollout Estimators

(1) (2) 3) (4) () (6)

Dep. variables log(export revenue) No. exp destinations

Fest 0.054%FF  0.231%%%  0.050%% | 0.239%¥*  (.982%F*  (.276%**
(0.020)  (0.026)  (0.021) | (0.075)  (0.128)  (0.091)

Observations 2,032,156 2,032,156 2,032,156 | 2,032,156 2,032,156 2,032,156
R-squared 0.737 0.737 0.801 0.801

This table reports the estimates for our discretized specification in (15) but using alternative roll-out estimators.

Columns 1 and 4 show estimates using the standard staggered DDD, Columns 2 and 5 show the estimates using the
estimator proposed in Borusyak et al. (2022), and Columns 3 and 6 show the estimates using the estimator proposed
in Sun and Abraham (2021). Robust standard errors clustered by city are in parentheses: *** p<0.01, ** p<0.05,
and * p<0.1.

5 Economic Mechanism Investigation

The empirical results from Section 4 show that the HSR infrastructure shock improves export
performance, and the effects are stronger among exporters that have become more integrated with
other exporters from the same sector. The results, while consistent with the model predictions, may
be driven by a number of underlying mechanisms. The model in Section 2 proposes a particular
one: The improved geographic integration strengthens knowledge spillovers among exporters, which
reduce information frictions in accessing foreign markets. However, a limitation of this kind of
“reduced-form” results in the previous section is that, by design, it relies on exogenous variation
in connectivity (or travel time) instead of access to export-specific knowledge. With this caveat in
mind, we explore in more detail the economic mechanism(s) behind the empirical results in this

section to better understand how exporters benefit from greater geographic integration.

5.1 Are the Spillovers Specific to Exporters?

Following an HSR connection, firms more integrated with other exporters are shown to increase
their export performance along both intensive and extensive margins. However, the results could be
driven by either a firm-level TFP improvement—geographic integration improves firm’s capacity to

serve all markets—or an export-specific cost reduction, i.e., geographic integration improves firm’s
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"3L To investigate, we run three

capacity to serve just foreign markets, or “export-specific spillovers.
tests which show that geographic integration affects export-specific decisions and outcomes.

First, we show that within a firm, export to a destination grows more when the firm becomes
more integrated with other firms exporting to the same destination. We consider an alternative
specification that controls for firm time-varying effects by examining the relative export growths
within a firm across different export destinations. This test controls for any firm-level productiv-

ity improvement as a result of the exporter integration and isolate export-specific effects at the

destination level. To carry out the test, we estimate the following regression:

Yodt = Ozd + Oz + g + Bxcdst + Lzt

where 1,4 represents firm z’s export to destination d in year ¢ and x.4s represents the integration
with other exporting firms within the same sector s that export to the same destination d.?? As
shown in Table 6, there is evidence that a firm increases its export to destination d if it becomes
more integrated with other same-sector exporters specialized in exporting to destination d. This
suggests that the geographic integration results in more than uniform TFP improvement across all

markets.

Table 6: Firm-Destination Regression
(1) (2) (3) (4)
Dependent Variable log(export revenue) Export dummy
Independent Variable Measure 1 Measure 2 Measure 1 Measure 2

Tesdt 0.012%* 0.003 0.001** 0.001
(0.005) (0.005) (0.001) (0.000)

Observations 6,397,648 6,397,648 22,849,152 22,849,152
R-squared 0.838 0.838 0.743 0.743

This table presents evidence about exporters’ adjustments at the firm-destination level. We control for firm-

destination fixed effects, firm time-varying effects, and destination time-varying effects. To reduce sample size,
we cluster countries into 12 country groups and consider each as one destination. Robust standard errors clustered

by city are in parentheses: *** p<0.01, ** p<0.05, and * p<0.1.

To provide additional evidence of export-specific spillovers, we next show that connected ex-

porters have converged on the set of destinations to which they export, but not on the set of export

31This is important because export revenue tends to be highly correlated with domestic revenue (Bernard and
Jensen, 1999).

32To reduce sample size, we cluster countries into 12 country groups and consider each as one destination (Burstein
et al., 2020).
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products. Specifically, we examine, through pairwise analysis of the HSR connection between two
cities, how connected firms’ similarities in the set of export destinations and product varieties have

evolved. We use angle distance to measure the similarity between connected firms:

angle distance, ., = arccos <

Y oa(Tedt — Toar)(Teray — Terar) )
b

\/Zd(ﬂ-zdt - ﬁzdt)Q X (Wc’dt - 7T-C’dt)Q

where 7,4 = (7,14, ..., T.p¢) 18 a vector that summarizes the export share to set of destinations by
firm z and time ¢, and 7,4 is the average export share to all destinations by firm z. Similarity in
products is defined analogously by replacing 7,4 with %, where k denotes a product at HS8 level.

We estimate the following equation:
angle distance,; = a o + oy + apy + YU HSR,0t) + Loert, (16)

where o, oy, and oy denote, respectively, the time-invariant firm-city pair fixed effects, firm-
year fixed effects, and city-year fixed effect; [(HSR,.¢) is a dummy that indicates HSR connection
between firm z and city ¢’; and ~ is the coefficient of interest. The results are shown in Table 7. We
find that firms export to a more similar set of destinations once they are connected by HSR; we do
not find any significant impact on product varieties. This evidence shows that geographic integration
affects firm export-related decisions and outcomes, which further suggests that the spillover effects

identified in Section 4 are specific to exporters.

Table 7: Pairwise Analysis: Changes in Export Destinations and Product Varieties

(1) (2) (3) (4) (5) (6)

Dep. variables Dest. similarity Product similarity

I(HSR..t) 0.002*  0.003*** 0.004*** | -0.000  0.000  -0.000
(0.001)  (0.001)  (0.001) | (0.000) (0.000) (0.000)

Firm-Dest-City FE Yes Yes Yes Yes Yes Yes
Firm-Year FE No No Yes No No Yes
Dest-City-Year FE No Yes Yes No Yes Yes
Year FE Yes No No Yes No No

R-squared 0.738 0.741 0.912 0.762 0.770 0.811

This table shows the estimation results for (16). Connected firms export to a more similar set of destinations but
there is no impact on product similarity. The evidence is consistent with geographic spillovers that reduce frictions
in market penetration. Robust standard errors clustered by city are in parentheses: *** p<0.01, ** p<0.05, and *
p<0.1.

And finally, we show that the results are robust to controlling for integration with all production
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activities. Our empirical strategy is to independently measure for each exporter its overall integra-
tion with general economic activity and integration with export activity. We then incorporate both
channels in the regression by adding to the baseline regression the integration measure with general
economic activities. If the geographic integration with export activity is a byproduct of overall
industry concentration, then we will find that the integration with exporters, i.e., s, does not
affect firm export decisions. If, on the other hand, there are spillovers specific to exporting, then
we will find that including the additional term would not reduce the effects of x5 considerably in
the regression outputs. The measure is constructed analogously to that for exporter integration, by

replacing export revenue with the same-sector value-added from all firms:

2o =N " VA, () f(deor),
cc
where VA, (') is the total value-added in sector s and city ¢ and f (deer) is the geographic friction
function defined in (10) and (11). Note that our measure of integration with general economic
activities encompasses exports. By including both terms in the regression, we allow for the possibility
that exporters, rather than general producers, are the source of spillovers. As shown in Table 8, the
results after incorporating the additional control for integration with domestic production activities
remain quantitatively similar to the baseline results, both for the intensive margin of export revenue
and the extensive margin of number of export destinations. On the other hand, connecting to
domestic firms does not seem to have a significant positive impact on a firm’s export performance,

as evidenced by the mostly insignificant estimates.

5.2 Facilitating Export Knowledge Acquisition

The previous subsection shows that the geographic integration of exporters generates positive
spillover effects that benefit exporters specifically. This subsection further explores the channel
through which firms benefit from the improved exporter integration. In particular, we present
evidence consistent with the underlying mechanism of the model: Better geographic integration
of exporters reduces frictions in the export market by facilitating knowledge spillovers (including

knowledge sharing and knowledge acquisition).
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Table 8: Controlling for General Production

(1) (2) (3) (4)

Dep. variables log(export revenue) No. exp destinations

Ind. variables Measure 1 Measure 2 Measure 1 Measure 2

Test 0.036F%  0.020%%%  Q.171FF  0.094%*
(0.009) (0.010) (0.049) (0.043)

gGeneral -0.022* -0.011 0.009 0.003
(0.011) (0.009) (0.044) (0.046)

Observations 2,018,616 2,018,616 2,018,616 2,018,616
R-squared 0.805 0.805 0.805 0.805

eneral

This table shows the estimation results for (12), with an additional control z&S for integration with general

production activities. Measure 1 and Measure 2 are defined in (10) and (11), respectively. This table presents
evidence that the effects of exporter integration remain quantitatively similar to the baseline results after controlling

for better integration with general production activities. In all regressions, we control for firm fixed effects, city

time-varying effects, and sector time-varying effects. Robust standard errors clustered by city are in parentheses: ***

p<0.01, ** p<0.05, and * p<0.1.

5.2.1 Heterogeneous Responses to Improved Exporter Integration

Providing direct evidence on knowledge acquisition and sharing is difficult, since it requires
information about how firms interact. In general, this type of communication is either proprietary
information or simply not available. Despite the data limitations, if this channel is present, we may
expect that firms or firm types facing different knowledge acquisition costs will respond differently
to the improved geographic integration. Indeed, we can extend the simple stylized model in Section
2 to incorporate heterogeneous responses to the HSR-driven geographic integration. The extended
model, presented in Appendix A.3, predicts that firms that are less reliant on self-collected insight
in the first place are more sensitive to the reduction in geographic frictions and improve their export
performance to a larger extent. In particular, firms that face greater costs in acquiring own insight
and less productive firms rely more on insights passed from other exporters, ceteris paribus.

To proxy for firms’ knowledge acquisition costs in the export market, we consider a series of
firm characteristics: export destinations, exporter locations, product types, exporter types, and firm

sizes. We adopt the following regression specification to investigate the heterogeneous responses:

Yost = Qs + 0y + aep + BEest + Yxest X L(Firm Type), + I(Firm Type); + ¢4 (17)

We pay particular attention to 7, which indicates the heterogeneous effect of better geographic
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integration of exporters. On top of the fixed effects included in the baseline specification, we
further control for the time-varying effects of firm type, I(Firm Type);, to rule out concerns that
the identified heterogeneous effect is driven by differential time trends between firm types.

Our first test is inspired by the results of Lovely et al. (2005), which suggest that the acquisition
of knowledge about export and export destinations is easier when a firm exports to relatively open
and easily accessed markets. We start by showing that firms that export to more integrated trading
environments are less responsive to the integration of exporters. In particular, we compute the
share of a firm’s export revenue from integrated markets before the HSR opening to proxy for the
firm’s information acquisition cost.?® As shown in Table 9, Columns 1 and 2, the increase in export
revenue is smaller if a firm was more specialized in integrated markets before the HSR opening.

We next examine firms located in different locations. It tends to be easier for firms in centrally
located regions to acquire export knowledge due to the presence of other exporters and foreign buyers
(Startz, 2016).3* As shown in Table 9, Columns 3 and 4, firms in core cities are less responsive to
an increase in integration with other exporters, compared with firms in peripheral cities.3?

Third, we explore variation in knowledge acquisition costs across product types. Startz (2016)
shows that some products, such as apparel and electronics, have style evolve more quickly than
others. Firms producing these products are therefore more reliant on the recent style information
and subject to more information frictions. We construct a Startz index to distinguish firms more
or less reliant on recent style information before the HSR connection.?¢ Table 9, Columns 5 and 6
show that firms that specialize in more style-information reliant products benefit more from greater

integration of exporters.?’7

33Following Lovely et al. (2005), we classify a destination country as integrated if it has above-average trade per
dollar of GDP after controlling for the size of the country and proximity to economic activity outside of the country.
A firm’s Destination-Integration Index is then defined as ZdeDo(z) wg(z)hmegmted,d, where w9 (z) is firm 2’s export
share to destination d before the HSR connection and lintegrated,a turns to 1 if destination country d is an integrated
economy.

34Firms in central regions also tend to be more productive than those in remote regions (Combes et al., 2012).
We explore heterogeneity along the size dimension below.

35Following Yu et al. (2019), we define the following cities as the core cities and the rest as peripheral cities:
Beijing, Shanghai, Tianjin, Chongqing, Shenzhen, Qingdao, Dalian, Suzhou, Xiamen, and Ningbo.

36We first create a product-level index of reliance on recent styles based on the relative importance of learning
recent styles for the five product categories surveyed in Startz (2016). In particular, we assign an index of 2 to
apparel, which has the highest score of importance of having recent style information, and an index of -2 to hardware,
which has the lowest score of importance of having recent style information. Next, firms’ Startz index, which reflects
a firm’s reliance on recent style information, is defined based on the information reliance index of the products they
exported before the HSR opening. We restrict the analysis to firms with more than 50% of exported value from these
five product categories. This sample restriction leaves us with 43% of firms from the baseline sample. The majority
of firms are from apparel (45%), electronics (30%), or homeware (15%), with 10% from beauty or hardware.

37The effect is marginally insignificant in Column 6, with a p-value of 0.11.
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We further compare export firms that specialize in processing trade with the rest—i.e., “ordinary”
exporters. The former typically have prespecified production standards and fixed foreign buyers and
hence face lower knowledge acquisition costs. As confirmed in Table 9, Columns 7 and 8, firms with
higher fraction of export revenue from processing before the HSR connection tend to benefit less
from the improved geographic integration of exporters.

Finally, we turn to testing heterogeneity across firms of different sizes. Smaller firms tend to face
greater knowledge acquisition costs, since they expect a smaller export market potential and find
it less profitable to invest in and explore ways to penetrate the foreign market. These firms would
wait for the most productive firms to explore unfamiliar contexts first and follow their successful
strategies (Hausmann and Rodrik, 2003). Therefore, enhanced integration with other exporters
should particularly benefit smaller firms. We define a firm as small if its export value is below the
median before the HSR connection. As shown in Table 9, Columns 9 and 10, smaller firms are more
responsive to better geographic integration of exporters.

Altogether, the above evidence shows that firm types that tend to face greater knowledge ac-
quisition costs improve their export performance to a larger extent. This suggests that the HSR
expansion reduces knowledge acquisition costs more for these firms, which is consistent with the

presence of export-specific agglomerations that arise from knowledge spillovers.?®

5.2.2 Controlling for Other Types of Agglomeration

Besides knowledge spillovers, Marshall (1920) emphasizes two other types of agglomeration ex-
ternalities arising from geographic integration: integration with customers and suppliers, and labor
market pooling. The HSR expansion can potentially facilitate a firm’s connection with its upstream
suppliers and improve the firm’s export performance by reducing the cost for a firm to search for
and find a better supplier (Bernard et al., 2019). Similarly, even though HSR, as a passenger-only
service, does not have any direct impact on a firm’s domestic goods shipping costs, it may have

indirect impacts on domestic trade costs.?? This allows firms to have better access to interna-

38Tt is possible that by getting effectively closer to other exporters, firms also have opportunities to meet potential
foreign buyers, especially in the export hubs where trade fairs often take place. This channel, for our purpose, is
also part of export-specific spillovers. Yet it appears that better connection with foreign buyers may not be the
main driver of the results empirically. In particular, we collect data on trade fairs by sector in China and separately
estimate the effect of connecting to locations where trade fairs take place—which are also where the foreign buyers
tend to show up—and the effect of connecting to the rest. As shown in Table C.4, both types of connections result
in quantitatively similar results.

39While the HSR connection primarily affects passenger commuting time, it may reduce product shipping costs
indirectly. For example, with the shift of passengers from regular trains to HSR, regular train tracks have more
capacity for product shipment.
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tional markets (and therefore their customers). For the labor market pooling channel, exporters
may benefit from an HSR connection by enabling them to hire workers—particularly high-skilled
workers—more easily. We next investigate the presence of these other channels.

To control for the channels of integration with suppliers and customers, we construct two mea-
sures that reflect how an HSR. connection has affected exporters’ effective distance to their suppliers
and customers. We measure a firm’s integration with its potential suppliers in a way that resembles

the baseline measure for exporter integration in (9). In particular, it is defined as

2o =T 0U D Rt () [ (dee),
s oy
where ¢, is the input share from sector s’ for a firm in sector s located in city ¢ and Ry, () is
sector s’ total output (domestic and export) produced in city ¢/. This measure is greater when HSR
connects the firm to a destination city with a higher presence of its supplier industry and when
that supplier industry accounts for a higher input share in the firm’s production. Next, we consider
how HSR affects exporters’ integration with their customers by examining changes in their access

to ports, which are the gateway from which products are shipped to foreign countries:

N (!
where dfg,zt(z) is the effective distance between the firm and the city in which firm 2’s port is located. 0
The measure captures changes in a firm’s access to its international markets as a result of the HSR
connection. The results are shown in Table 10, which suggest that HSR-driven integration with
suppliers and customers has positive effects on firms’ export performance, mainly for the intensive
margin. More importantly, the effects from better integration with exporters (i.e., x.s) remain
qualitatively and quantitatively consistent with baseline results without the additional controls.
We next investigate the labor market pooling channel. Marshall (1920) emphasizes that ag-
glomeration can occur because workers are able to move across firms and industries. Ellison et al.
(2010) highlight that labor movements across firms and industries; however, can only occur if the
industries use the same type of workers. We follow their approach and measure the extent to which
industries across cities use similar types of labor based on the occupational employment patterns

across industries and cities catalogued in the 2000 Population Census of China (IPUMS, 2020).4

40We use firms’ choice of ports in 2007 to avoid the endogenous switching of ports due to the HSR connection.
4IThe Population Census provides industry-level employment in 63 occupations for all cities, based on which we
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Table 10: Controlling for Integration with Suppliers and Customers
(1) (2) (3) (4)

Dep. variables log(export revenue) No. exp destinations

Ind. variables Measure 1 Measure 2 | Measure 1 Measure 2

Test 0.036%%*  0.020%%% | 0.171%¥*  0.094%*
(0.009) (0.010) (0.049) (0.043)
g Supplier 0.100%%*  0.059%* 0.201* 0.116

(0.023) (0.029) (0.116) (0.109)

wPort 0.094%* 0.029 0.315* 0.116
(0.029) (0.018) (0.164) (0.079)

Observations 2,004,824 2,004,824 | 2,004,824 2,004,824
R-squared 0.737 0.737 0.804 0.804

This table shows the estimation results for (12), with additional controls for integration with suppliers and access to

port. Measure 1 and Measure 2 are defined in (10) and (11), respectively. This table presents evidence that the effects
of exporter integration remain quantitatively similar to the baseline results after controlling for better integration
with suppliers and customers. We control for firm fixed effects, sector time-varying effects, and city time-varying
effects. Robust standard errors clustered by city are in parentheses: *** p<0.01, ** p<0.05, and * p<0.1.

We then compute the labor correlation as a proxy that controls for access to workers in connected
cities:

xgtabor — Z Corrch/H(HSRcc’t)7
c'#c

where CorrL,y is the labor correlation between firm z and city .2 As shown in Table 11, while
the labor market pooling effects are imprecisely estimated, the effects of exporter integration remain
strong and similar to the baseline results.

In addition to the labor market pooling channel, we further consider the potential reallocation of
high-skilled workers across cities as a result of HSR. Yu et al. (2019) show that HSR reinforced the
concentration of skilled labor in larger markets. Consequently, in cities that experience an inflow of
high-skilled workers, skill-intensive sectors are expected to have faster expansion and better export
performance, and vice versa. This channel may affect baseline estimation if changes in the labor
supply systematically correlate with changes in exporter integration. To investigate, we construct a

control for the skill supply effect of HSR that varies at city-sector-year level. In particular, we first

define w%, as the fraction of industry i’s employment in occupation o in city c.

42We specify the occupation vector of a firm z in city ¢, industry 4 as [TriLDc]oeo, which essentially summarizes
the labor share by occupation for industry ¢ in city ¢ that firm z belongs to. We then compute destination cities’
occupation vectors, [#Z,],c0, and finally calculate the correlation between firm i’s and destination city ¢”’s occupation
share vector, CorrL, ..
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Table 11: Controlling for Labor Market Pooling
(1) (2) (3) (4)

Dep. variables log(export revenue) No. exp destinations

Ind. variables Measure 1 Measure 2 Measure 1 Measure 2

Test 0.041%FF  0.020%%%  0.200%%%  0.103%%*
(0.007) (0.006) (0.038) (0.037)
gLabor 0.006 0.025% -0.058 0.038

cst

(0.006) (0.013) (0.036) (0.067)

Observations 2,016,197 2,009,924 2,016,197 2,009,924
R-squared 0.737 0.737 0.805 0.804

This table shows the estimation results for (12), with additional control for access to the potential labor pool. Measure

1 and Measure 2 are defined in (10) and (11), respectively. This table presents evidence that the effects of exporter
integration remain quantitatively similar to the baseline results after controlling for the channel of labor market
pooling. We control for firm fixed effects, sector time-varying effects, and city time-varying effects. Robust standard

errors clustered by city are in parentheses: *** p<0.01, ** p<0.05, and * p<0.1.

define a dummy indicator for skilled-labor inflow by interacting a dummy variable that represents
whether the city is a core city or not and a dummy variable that indicates the opening of an HSR
station in that city. This indicator captures the intuition whereby core cities are expected to have an
inflow of high-skilled workers after an HSR opening. We then interact the indicator of skilled-labor
inflow with the skill intensity of the sector of the export firm.*® After adding this variable to the
baseline regression specification, as shown in Table 12, the effects of exporter integration are still
quantitatively close to the baseline results. Furthermore, the coefficients of the interaction term are
also significantly positive for export revenue, which verifies the conjecture that skill-intensive firms
benefit more from an inflow of high-skilled workers resulting from HSR, expansion.

To summarize, results from this subsection confirm the importance of geographic integration
among export firms, which are partially driven by channels documented in previous literature;
these include proximity to suppliers (Bernard et al., 2019) and the spatial reallocation of high-
skilled workers (Yu et al., 2019). But more importantly, The results provide further evidence that
improved export performance due to better exporter integration is not confounded by other types
of agglomeration forces and can be attributed to an HSR connection enabling more efficient export

knowledge spillovers.

43We define the skill intensity of a sector as the median percentage of workers with a college degree across all firms
in that sector. We use the Chinese Annual Firm Survey (2004) to calculate this measure, given that only in this year
were firms asked about the skill composition of their employees.
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Table 12: Controlling for Flow of Skilled Labor
(1) (2) (3) (4)

Dep. variables log(export revenue) No. exp destinations
Ind. variables Measure 1 Measure 2 | Measure 1 Measure 2
Test 0.036***  0.024*** | (0.184***  (0.086%**

(0.008) (0.007) (0.039) (0.033)

Flow of skilled labor  0.038*** 0.037*** 0.119 0.124
(0.014)  (0.014) (0.090)  (0.089)

Observations 2,020,651 2,020,651 | 2,020,651 2,020,651
R-squared 0.737 0.737 0.805 0.805

This table shows the estimation results for (12), with an additional control for the potential flow of skilled labor.

Measure 1 and Measure 2 are defined in (10) and (11), respectively. This table presents evidence that the effects
of exporter integration remain quantitatively similar to the baseline results after controlling for the effects of HSR-
induced reallocation of high-skilled workers. We control for firm fixed effects, sector time-varying effects, and city
time-varying effects. Robust standard errors clustered by city are in parentheses: *** p<0.01, ** p<0.05, and *
p<0.1.

5.3 Quality Improvement in Export Markets

In the final part of the analysis, we aim to shed further light on the nature of export knowledge
being acquired by studying changes in product qualities across exporters following HSR-induced
improvement in exporter integration.

We start by deriving the product qualities across exporters, following the approach of Khandelwal
et al. (2013). In particular, we obtain the quality of each firm-product-destination country-year

observation using the residuals from the following OLS regression:

In Qenkt + Os In Penkt = Onkt + Eznkt; (18)

where ¢, and p,,x are the quantities and prices of product variety k sold by firm z to destination

country n and year t, respectively; ani: is fixed effects at product-destination-year level; and o,

is the product category-specific elasticity of substitution across varieties indexed by z, the values

of which are from Broda et al. (2006). The quality measure for each firm-product-country-year,
€z

denoted as Ak, can be inferred by In A, = S22kt 44

44 Quality, denoted by A, enters the utility function  multiplicatively, with U =

IS, (foca,, Cn(@an(e) /7 ac) "

across varieties indexed by ¢. This implies that the demand is given by ¢,,(¢) = A ()7 pn () ™7 P tas By, Taking
logs, the quality for each firm-product-country-year observation can be estimated as the residual from the OLS

, where o, > 1 is the product category-specific elasticity of substitution

38



Next, we define quality at firm-product level as
j‘zkt = Z eznkt In 5‘znkztv (19)
n

where 0,,.; denotes the quantity share of product k to destination n within firm z. Finally, we

compute the long difference of the quality measure for each firm-product pair:
Aj\zkt = j\zkt - j\zkt—l-

We estimate changes in product qualities in response to improved exporter integration using a

specification that follows directly from our baseline regression in (12):
A = BAZes + e + g + At (20)

where Az, is the change in exporter integration measure for a firm in city ¢ and sector s, and .
and «; are city and sector fixed effects, correspondingly. As shown in Table 13 Panel A, there is an
improvement in overall firm-product qualities following HSR-induced exporter integration by 0.047
to 0.079 log points.

The results reflect the average change in product qualities for a given firm across all of its des-
tinations. We further decompose the change in product quality into four components and quantify
the relative importance of each component in overall quality changes. In particular, we can express

changes in the quality of each firm-product pair as the following:

_ 1 _ _ _
A>\zkt :5\ Z eznk (ln )\znk:t —In )\znktfl) + Z (Hznkt - eznktfl) ()\znk - )\zk) +
Zkt=1 | e NIANG neN:NN;_1
L Intensive Margin: Within Intensive Margin: Across |
1 - 1 -
by Z Onkt (ln Aonkt — )‘zk‘) - Y Z 0 onkt—1 (ln Aonkt—1 — /\zk:) )
zht=1 | REN\N: -1 zht=1 neN;—1\Nz
Extensive Margin: Market Entry Extensive Margin: Market Exit
(21)

where )\, = % (szt + j\zkt_l) is the firm-product across-year mean quality; 6., is the average

regression in Equation (18). Finally, o, is defined at HS3 level and the values are obtained from Broda et al. (2006).
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Table 13: Change in Quality and Decomposition of Margins

(1) (2) (3) (4)

Dep. variables Product quality

Ind. variables Measure 1 Measure 2
Panel A. Overall Effect

Overall 0.079%**  0.058***  0.075%**  (0.047***

Panel B. Effect Decomposition
Intensive 0.051FFF  0.042%**  0.048***  (.032%**
Within  0.044***  0.037***  0.040***  0.026***
Across  0.007** 0.005 0.008** 0.007*

Extensive 0.0277%%* 0.016*  0.027*%%F  0.015***
Entry  0.013*** 0.009*  0.014%%*  0.011%**
Exit -0.015***  -0.007* -0.013***  -0.005

Sector FE No Yes No Yes
Observations 137,856 137,856 137,856 137,856

Notes: This table shows the estimation results for (20). Measure 1 and
Measure 2 are defined in (10) and (11), respectively. The table suggests
that firms acquire knowledge that improves qualities of products exported
to existing destinations and adjust the set of export destinations by entering
into higher-quality destinations and exiting lower-quality ones. Robust
standard errors clustered by city are in parentheses: *** p<0.01, ** p<0.05,
and * p<0.1.

export share to destination n in zk across years—i.e., O.nr = (Oonkt + Oonit—1)/2,; and g =
% (inkt + kat,l) is the across-year average quality to destination n in firm-product zk.
Equation (21) naturally decomposes the overall quality change into four components. The first
component measures the quality change to an existing set of destinations holding their export
shares fixed. The second component accounts for changes in export shares to existing destinations,
weighting those changes by the difference between a destination’s average across-year quality and
the overall average across-year quality within a firm-product. If qualities to existing destinations
increase with further exporter integration, the within-component is positive; if qualities to existing
destinations are relatively high and their export shares tend to increase, the across-component is also
positive. The third component, the market entry margin, would positively respond to improving
exporter integration if qualities of the new destinations entered are higher than the across-year
average quality. The fourth component, the market exit margin, would negatively respond to

improving exporter integration if firms exit destinations that have relatively low qualities compared
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with the across-year average.?®

We regress each component against the change in exporter integration following regression spec-
ification (20). As shown in Table 13, Panel B, the intensive margin accounts for more than half
(64% to 72%) of the relative improvement in export qualities. Moreover, most of the quality increase
associated with the existing set of export destinations is due to the quality improvement holding
export shares fixed (the “within” margin) rather than the increase in market share by relatively
high-quality destinations (the “across” margin). Third, along the extensive margin, the entry of
higher-quality destinations and exit of lower-quality destinations contribute more or less equally.

This evidence sheds more light on the nature of export-specific knowledge shared as firms become
more geographically integrated because of HSR expansion. In particular, it suggests that firms
acquire knowledge that improves the quality of products exported to existing destinations and
helps them adjust the set of export destinations by entering higher-quality destinations and exiting

lower-quality ones.

6 Conclusion

Breaking into foreign markets is a nontrivial process. A key friction arises from the need to
acquire information about foreign tastes and establish distribution channels in foreign markets. One
obvious way for firms to overcome this friction is to observe exporters that have already acquired
experience selling abroad. This paper confirms that greater geographic integration of exporters can
indeed causally reduce the cost of foreign market access and significantly increase exports.

Using a comprehensive dataset of Chinese exporters, we provide, to our knowledge, the first
causal evidence on the impact of geographic integration on firm exports. We leverage HSR planning
and implementation as a unique setting to provide a rare and plausibly exogenous variation in
the effective extent of geographic integration. By employing a triple difference empirical setup,
we find strong and robust evidence for the existence of geographic spillovers in the export market.
Furthermore, we document that exporter integration also facilitates extensive margins of trade, such
as the number of destination countries and the menu of product categories.

In the second part of the paper, we find compelling evidence that the improved export perfor-
mance is driven by more effective export-specific knowledge spillovers induced by the HSR network.

We show that the benefits are specific to exporters by showing, among other tests, that connected

4>Note that because the exit margin is subtracted from the previous two margins, negative values make a positive
contribution to the overall quality change.
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firms converge on where they export. Further evidence reveals that firm types that tend to incur
great knowledge acquisition costs—for example, smaller firms and firms located in peripheral cities
or that export to less open destinations—have experienced larger improvement in export perfor-
mance, which provides further support for the mechanism highlighted in the model. We also show
that the knowledge acquired facilitates quality upgrading by both improving existing export product
qualities and adapting to higher-quality export destinations.

Our results provide useful guidance for policies that promote the integration of exporters, for
example through export-cluster subsidy programs. Such export clusters encourage knowledge shar-
ing among firms and reduce the costs of breaking into foreign markets. Furthermore, our paper
suggests that the form for such export clusters can go beyond the traditional industrial parks and
take on a network of firms connected by high-speed transit. Lastly, despite a large literature linking
infrastructure and regional economic outcomes, we highlight a new margin of the effects of improved
infrastructure where more frequent face-to-face interactions allow exporters to overcome informal
trade barriers in the export market. Our empirical strategy can be adapted to other settings with
changing commuting infrastructure to investigate other forms of location-specific externalities. Fu-
ture research might focus on providing direct evidence on the mechanisms that drive the positive

impacts of exporter integration.
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Appendix

A Theoretical Appendix

In Appendix A, we provide details of the model and derivations of theoretical results presented in

Section 2.

A.1 Model Details
A.1.1 Preferences

Recall that we consider an open economy with N countries, indexed by n € N. We omit the
country index where possible to save on notation. In the home country, consumers have identical
Cobb-Douglas preferences—that is, given income, a representative consumer decides how to allocate
consumption over local final goods from all sectors, indexed by s € {1,...,S}, with a Cobb—Douglas

aggregator:
S
U=]Jex (22)
s=1

where a; > 0 is the expenditure share for each sector s, with Zle as = 1. Within each sector,

differentiated varieties are aggregated in a CES manner,

Q. = (Z q(z)o‘il> - (23)

2EZg
where Z; is the set of available varieties within sector s in the country, and ¢ > 1 is the elasticity
of substitution across varieties. The corresponding sectoral price index in each country is given by

1

P, = (Z p(2)1”> o

ZEZS
A.1.2 Firm Revenues

Given our assumptions on consumer preferences and market structure, the price is a constant

markup over marginal cost. A firm with productivity ¢ in the domestic market charges

o 1
pl(z) =

oc—1¢,’
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which only depends on the productivity draw.
To access the foreign markets, firms are subject to the standard fixed cost of export f¥ and a
bilateral iceberg trade cost Tg,, as well as informal trade barriers, which is an inverse function of

export-specific knowledge ¢*(z). Therefore, the export price for firm z is given by

o Tsn
o—1 %@?(2)'

DPsn (Z) =

From here, we can derive the firm revenue in the domestic market:
d 1l—0o 1—0 7 l1—0o
d/y _ pd [(Ps(2) _(_ d(pd) (1
Ts(z)_Rs< jjsd ) - (0__1> Rs (Ps> @ ) (25)

where R? and PZ are the expenditure and price index in sector s within the domestic market.

Similarly, we obtain the export revenue in foreign market n:

() = R (252

o l1-0o . 1—0o
= I e
<U—1> e en <soz<p§(2) ’

where R, and P are the expenditure and price index in sector s in n. Summing up across all export

destinations, we obtain (3).

A.1.3 Productivity Cutoffs

The entry costs—f¢ to draw from the productivity distribution and f to export, which becomes
sunk once the firms receives export-specific insight draws—and the revenue conditions in (3) and
(25) give us the cutoff conditions for participating in the domestic and the export markets, as in
Melitz (2003). In particular, the first cutoff defines the least productive firm that is active, which is
the firm selling in the domestic market only and exactly offsetting the fixed costs of production with
its operating profits: 7% = @ — f% = 0, where gg is the first cutoff. Firms with productivity

lower than f;i exit the market.

The second cutoff also depends on the firm’s export-specific insights ¢?(z). Expanding (5), we
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get

17 0—1
o
E(my (Z RenPoy 'y U) o [ AL DD AL [f(da) —eAi= ) fi, (26)
neN, 2'€Zs\z neN,
where A} is a function of ¢, for all z € Z,. In particular, \j(z) = argmax, [E(7%(z)), which

is pinned down by the following first-order condition of the expected export profit of a firm with

respect to A,:

o=1_1

]
-1
U < Z RsnPU ! sln U) @g_l )‘z + Z >\z’ [f(dzz’)]e —c=0. (27)

neN; 2e€Zs\z

Note that there is a unique solution if ¢ < 1+ 6, which requires the expected export profit to be
a concave function of A\,—a condition we assume to hold throughout. The marginal exporting firm
is just indifferent between exporting to a foreign market and not. Finally, the lowest productivity
required in sector s to export to destination n for a given value of A} is pinned down by the following

equation:

maRan PO T 7 (AL D A [f(dea)| =0, (28)
2/EZ\z

a transformation of which leads to (6).

A.1.4 Aggregation

From (6), the share of firms that export to n as a function of A, is

Zan (B Ao Zp

where recall that p(-) is the pmf of firm productivity draws and k is the minimal value of all

productivity draws. Further, the total share of firms that export to n is

Zsn asn Z Z f(y)a (29)

J=asn y:‘P(asn)

where f2), () is the empirical pmf of A, and as, is the productivity cutoff given by (6).
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A.2 Expected Log Export Revenue
Taking logs of (3), we get
log i (z) = const + log < Z R, P Tl J) + (0 —1)logy, + (0 —1)logpi(z).  (30)
neN;

In (30), we define K = log ¢ (z). Since ¢?(z) follows a Fréchet distribution, K follows a log-Fréchet
distribution with CDF
F(k) = e B,

The moment-generating function for K is given by
— o5 log(As(2)) b
Mic(p) = ¢F +T- %),
Hence, the expected value is given by

E(K) = M (0)

~ log As(2)

9 +’Y7

where 7 is the Euler-Mascheroni constant. Finally, taking the expectation of (30), we obtain (7):

E (logri(2)) = const + log < Z Re, P 171- ") + (0 —=1)logy, + (o — 1) E(log pi(2))
TLENZ

= const + log < Z Ry, Po~ 1 ;n ”) + (0 —1)logy, + Blog 5\3(2),
TLGNZ

where 8 = (o —1)/0.

A.3 Model extensions

In this subsection, we present extensions to the baseline model in Section 2.

A.3.1 Multi-product firms

We now augment the baseline model to allow firms to supply multiple products, following
Bernard et al. (2011). In addition to productivity ¢ and export-specific insight ¢*, there is an

additional component of product characteristics, which is captured by x. Accordingly, once the
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sunk entry cost has been incurred, firm z also observes its product attribute for product k, xg,
which is drawn from a continuous distribution with CDF G(x). We assume further that the pro-
ductivity, export insight, and product attribute distributions are independent across firms and of
one another, and that product attribute distributions are independent across products.

Upon observing ¢, and x, the firm decides whether to enter and what products and countries
to supply. In addition to the market-specific fixed cost of exporting, firms also face fixed costs of
supplying each product to a foreign country—i.e. f¥. As more products are supplied to a market,
total fixed costs rise but average fixed costs fall.

Since the demand structure stays the same, we can easily derive the equilibrium revenue received

by a firm in its home country exporting a product to country n:

l-0o k l1—0o
g T,
re (z,k) = Re P21 (”) : 31
() <0—1> P08 (2) Xk 3D)

which closely resembles the export revenue equation in the baseline model in (3), except for the

new term Y. It is also obvious from the equation above that stronger geographic spillovers would
increase the firm’s export revenue to destination n even in the multi-product setting.
We now turn to the extensive margin. Since firms need to pay for a fixed cost for each product

they export, there is a productivity cutoff for each product-destination given by

Tsn |:f7fk + CS)\;:| (32)

Pank(As(2): k) = —— =" ko R
P, ()‘5(2)) Xk

where g03(5\ s(2), x) is the lowest productivity required in sector s to export for given values of A s(2)

and xx. Within a sector s, firms with ¢ > @4, (As(2), xx) export product k to destination n. From

here, it is obvious that

a@snk(xs(z)y Xk)
ONs(2)

<0,

which implies, consistent with the baseline model, that a reduction in geographic frictions reduces

productivity cutoffs and firms tend to export a greater number of products.

A.3.2 Incorporating heterogeneous firm types

In this subsection, we present an extended version of the model that incorporates different firm

types to generate heterogeneous effects in response to an improvement in geographic integration.
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This is achieved by assuming heterogeneity in the costs to build firm insight collection capacity.

That is, to improve A, by one unit, a firm of type s incurs a unit cost cy.%6

With this extension, the total expected export profit is

=

o—1
} — sz, (33)

E(r3(2) = 2 ( > RsnP;’;%;,;U> {% (A=)

TZENZ

where the costs of building the insight collection capacity, c¢s, differ across firm types. The optimal
investment in A., defined as Aj(2) = argmax,_ (7§ (z)), is again pinned down by the following

first-order condition of the expected export profit of a firm with respect to A,:

o=1_1q

6
o—-1 o— —0o o— *
"2y ( Z Rn Py, lTsln ) Pz ! AL+ Z Az [f(dZZ’)]g — ¢ =0. (34)

neN, 2'€Z\z

Note that from the optimality condition, it is also apparent that geographic spillovers reflect a notion
of externalities: Firms choose their optimal level of capacity investment by internalizing their own
benefits and costs and ignore the additional spillover effects of investment on other firms. From

(34), we obtain the following result:
Lemma 3. X} is an increasing function of ¢, and a decreasing function of cs—i.e.,

ONX

ON*
2 <0
Oy,

Ocs '

> 0;

Recall that A} is a firm’s investment in its own export insight collection capacity. The first result
in Lemma 3 is driven by the complementarity between a firm’s own productivity and the export-
specific insight in the firm’s export profit function, as reflected in (5). Therefore, the marginal
benefits of investing to build up insight collection capacity, \,, are greater for more productive
firms. These firms will thus invest relatively more in their own capacity for acquiring export-
specific insight. On the other hand, certain firm types would incur greater insight collection costs
and would therefore invest less due to the higher marginal costs. In equilibrium, firms with greater
¢ and lower cs would choose a greater A%, and hence tend to receive a great insight draw w, on
average—and thereby rely more on self-collected insights and less on insight exchanges with other

exporters.

46We can more generally think of this as also reflecting heterogeneities in both the costs and benefits of insight
collection capacities.
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With the type-specific heterogeneities, exporters may not benefit equally from the reduction in
geographic frictions. Through the lens of the model, this is generated by differences in the optimal

investment in insight collection capacity, A%

%, across firms. Intuitively, firms with stronger capacity

tend to rely more on self-collected insight than geographic spillovers from other firms. Therefore,
they would derive lower marginal benefits from the strengthened geographic spillovers that arise
from the reduction in d,,. Recall from Lemma 3 that more productive firms (higher ¢) and firms
in sectors in which it is less costly to collect insights directly (lower cg) choose higher \5. These
are the firms that tend to benefit less from a reduction in d,,,. Combining, we have the following

results:

Proposition 4. Assume that the export market’s price index Py, is fixed for all s andn. In response
to an exogenous reduction in d,,, (i) within a sector, less productive exporters will increase their
export revenue more; (ii) across sectors, exporters in sectors with greater cs will increase their export
revenue more. Formally, we have

PE(rE(:) . PE(5(2))

0.
adzz’agpz 7 adzz’acs <

Proposition 4 provides a further set of testable predictions in the setting of transportation
infrastructure improvement, since firms may be differentially sensitive to reduction in d,,,. The
heterogeneity is determined by firm’s own productivity. We would expect that within a sector,
smaller firms would increase their export revenue relatively more. Exporters in different sectors will
also be affected by reductions in d,,s differently. This is determined by c¢g, the cost of acquiring
export-specific insight by the firms themselves. For example, one may expect firms that produce
products more reliant on recent-style information to face greater information barriers in the trade
market, thus making it more costly for firms themselves to collect relevant information in the foreign
market. As a result, they may respond more to an infrastructure-induced increase in geographic
spillovers than firms producing products of which styles change slowly over time (Startz, 2016). In
Section 5, we test the predictions here using a series of firm characteristics associated with the costs

of acquiring export-specific knowledge.

A.4 Proofs

In this section, we provide proofs of all theoretical results in Section 2 and Appendix A.
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Proof for Proposition 1

Proof. Differentiating expected revenue in (4) with respect of d, = ({d.. }ecz.), we get

OE(rs(2)) _ OE(rs(2)) 0f(daw)

= 0.
od,, 0f(dyy) Odyy

Following similar steps, we obtain

OE(7s(2))
adzz’ <

Proof for Proposition 2

Proof. Differentiating (4) with respect to d,,/, we obtain

OE(rs.(2)) _ OE(rs.(2)) 9f(d.r)

adzz/ B af(dzz’) adzz/ <0

From (29), it is straightforward to see that Z.(a) < 0. Therefore, we have

0Zs
adzz’

< 0.

Proof for Lemma 3

Proof. From (27), we have

o—1_

0
* o—-1 o— -0 o— *
h()‘z) = k2 0 < Z RsnPsn lTsln ) Pz ! )‘z + Z Az [f(dzz’)]a

neN; 2€Z:\z
Applying implicit function theorem, we obtain
e
and
N _ O 900

o4
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Proof for Proposition 4

Proof. Using results from Proposition 2, we have

0’ E(rs ()

ddaon:

combining results from Lemma 3, we have

*E(ri(2) _ ’E(ri(2)) 0N
ad,, 0p, B 0d, 0N; Op,

> 0;

and
P E(ri(2) _ *E(ri(z)) O

= 0.
Ody0cs  Odo 0N Doy

B HSR Background

The idea of building HSR, can be traced back to 1978, when Deng Xiaoping visited Japan and was
deeply impressed by Japan’s high-speed rail, Shinkansen. The planning proposal was completed in
1990 and a feasibility study was conducted in 1994. The attitude toward building an HSR network in
China was ambivalent at the time, as there were doubts about whether this very costly infrastructure
would generate enough benefits to justify the upfront investment. The economic boom during the
2000s rekindled interest in building HSR in China, and the first official HSR line was opened in
2008, which runs between Beijing and Tianjin. Expansion of the HSR network during our study
period is illustrated in Figure 1. The HSR network reached an important milestone in 2016 with
completion of the so-called “four plus four network,” which consists of four horizontal lines and four
vertical lines. The Chinese government plans to extend the HSR network to eight horizontal lines
and eight vertical lines and complete the construction by 2030. Figure B.1 below further illustrates

the history of HSR development in China.
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C Additional Figures and Tables

Figure C.1: Spatial Distribution of Export Revenue Share
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Notes: This figure shows that there were rich variations in the spatial concentration of export activities across the
major export sectors in China before rollout of the HSR network. We aggregate export revenue from 2000 to 2007
by HS2 sector and city. We display the spatial distribution of export revenue share for six major export sectors in

China, which account for 55% of total export revenue during this period.
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Table C.2: HSR and Internet Connectivity

(1) (2)

Dep. variables Internet usage log(Internet usage)

HSR connection 1.176 -0.041
(4.849) (0.036)

Observations 2,271 2,271

R-squared 0.437 0.993

Notes: This table shows that internet penetration is not positively
correlated with HSR connection. Therefore, the results cannot be
explained by improved internet service. We conduct the regression

at city-year level and use data from 2000 to 2013. The outcome

variable is defined as the number of users who subscribed to inter-

net service, and comes from the China City Statistics Yearbook.
We control for city fixed effects and year fixed effects, and robust
standard errors clustered by city are in parentheses: *** p<0.01, **

p<0.05, and * p<0.1.
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Table C.3: Additional Robustness Checks

(1) (2) (3) (4)
Dep. variables log(export revenue) No. exp destinations
Ind. variables Measure 1 Measure 2 Measure 1 Measure 2

Panel A. Dropping Cities with no HSR Station by 2016

Test 0.046%**  0.032%F%  (.210%** 0.112%%*
(0.008) (0.006) (0.040) (0.039)
Observations 1,834,222 1,834,222 1,834,222 1,834,222

Panel B. Clustering Error Terms at City-sector-year Level

Test 0.0420FF  0.030%%%  0.202%% 0.105%*
(0.007) (0.007) (0.034) (0.044)
Observations 2,032,156 2,032,156 2,032,156 2,032,156

Panel C. Using the Number of Firms as Cross-sectional Weights

Test 0.076%** 0.074%** 0.267*** 0.222%**
(0.012) (0.015) (0.060) (0.073)
Observations 2,027,972 2,024,667 2,027,972 2,024,667

Notes: This table shows that the results are robust to restricting to firms located in cities
that had an open HSR station by 2016 (Panel A). Panel B shows further that the central
results are robust to clustering the error term at the city-sector-year level. Panel C shows
that assuming export firms have equal insight capacity leads to similar empirical results.

Measure 1 and Measure 2 are defined in (10) and (11), respectively.
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Table C.4: Connecting to Cities with and without Trade Fairs
(1) (2) (3) (4)

Dep. variables log(export revenue)

Ind. variables Measure 1 Measure 2 Measure 1 Measure 2

g Trade Fair 0 052%%%  0.033%%*  0.065%**  0.036***
(0.020) (0.010) (0.012) (0.011)
xoapde Fair 0.028 0.028**
(0.028) (0.013)

Observations 2,032,156 2,032,156 2,032,156 2,032,156
R-squared 0.738 0.738 0.738 0.738

Notes: This table shows that connecting to locations where trade fairs take
place—which are also where the foreign buyers tend to show up—and connecting
to the rest have quantitatively similar effects. Robust standard errors are clus-

tered by city: *** p<0.01, ** p<0.05, and * p<0.1.
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