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A B S T R A C T   

Firms’ cross-regional development is essential for their growth, with communication costs arising from 
geographic distance becoming a widely discussed factor. However, the causal relationship between geographic 
proximity and firms’ cross-regional development remains inadequately underexplored. By leveraging firm 
registration data from 2003 to 2014, and exploiting the staggered construction of China’s high-speed rail (HSR) 
as a quasi-natural experiment, this paper studies the effects of falling communication costs on firms’ cross- 
regional development. HSR construction leads to an 8.6% increase in the number of firms’ affiliates and a 
68.6% rise in the weighted average distance between new affiliates and their headquarters. The effects are more 
pronounced for firms with higher performance heterogeneity and in cities with limited Internet infrastructure, 
suggesting that HSR construction can mitigate information asymmetry and improve monitoring. This study 
provides new micro-evidence for how geographic proximity promotes firms’ cross-regional expansion through 
communication cost channels, offering implications for multiregional firms and policymakers.   

1. Introduction 

Firms’ cross-regional development (CRD) is essential for their 
growth and economic performance. There are two potential benefits for 
firms’ CRD. First, firms can take advantage of different areas and achieve 
economies of scale (Krugman, 1980). Second, firms’ geographic 
expansion could help firms become better in response to local shocks 
(Gervais, 2018).2 Despite these potential benefits, firms’ CRD also faces 
substantial costs. Among those costs, the costs of communication are 
important (Gokan et al., 2019; Gumpert et al., 2022). 

To operate distant affiliates well, firms have to monitor and 
communicate with their workers of distant affiliates. This often neces-
sitates a greater reliance on frequent physical and face-to-face in-
teractions (Lin et al., 2022).3 Consequently, if the geographic distance 
between the firms’ headquarters and affiliates is large, the 

communication costs may be high and firms might not choose to operate 
affiliates in distant areas. Notably, the improvement in passenger 
transportation could help reduce communication costs between 
different areas. By reducing personal travel time, improved passenger 
transportation facilitates more frequent physical and face-to-face in-
teractions (Dong et al., 2020; Gao and Zheng, 2020; Shang et al., 2023). 
However, limited research investigates how the improvement of pas-
senger transportation affects firms’ CRD. Therefore, we attempt to fill 
this research gap by exploiting an exogenous shock to the communica-
tion costs of firms’ geographic expansion. 

One difficulty in examining this relationship is the need for data on 
the locations of affiliates and headquarters. To tackle this challenge, we 
use the data of firm registration from the State Administration for In-
dustry and Commerce (SAIC) from 2003 to 2014. For any firm registered 
during this period, we can identify its affiliates with affiliates’ locations 
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and registration dates. This set of firm registrations encompasses all 
firms’ affiliates in China, which allows us to identify how firms’ 
geographic distribution changes. 

Another challenge is the endogeneity issue. The locations of affiliates 
and headquarters are choice variables. Accordingly, commonly used 
proxies for proximity—such as the physical distance between affiliates 
and headquarters—are likely to be endogenous, making it difficult to 
establish causality. To alleviate this issue, we exploit China’s high-speed 
rail (HSR) construction as an exogenous shock to identify the causal 
effect of geographical proximity on firms’ CRD. As passenger trans-
portation, China’s high-speed rail (HSR) could reduce travel times be-
tween firms’ headquarters and their distant affiliates. HSR construction 
can result in a time–space compression effect, which does not alter 
“spatial distance” but reduces “time distance”. It enhances the flow of 
information and increases the information transparency (Cheng et al., 
2016). Most notably, it reduces the cost of obtaining soft information4 

while lowering the monitoring and information costs for firms’ head-
quarters (Charnoz et al., 2018). Thus, HSR construction enhances the 
information flow within firms and facilitates firms’ management and 
monitoring of their cross-regional affiliates. As a result, we can speculate 
that geographic proximity promotes firms’ cross-regional development. 

Using the difference-in-differences (DID) approach, we find that HSR 
construction promotes firms to operate a greater number of cross- 
regional affiliates. Furthermore, HSR construction also leads to an in-
crease in the weighted average distance between these newly opened 
affiliates and the headquarters, consistent with the findings of Gumpert 
et al. (2022). The results are robust after conducting a battery of tests, 
including dynamic DID test, placebo test, and other robustness checks. 
Regarding the heterogeneous effects, the HSR effect is larger for smaller 
firms and firms with less cross-regional development experience. In 
addition, we find that firms in the service industry are more likely to 
open new cross-regional affiliates after HSR construction, which can be 
attributed to the service industry requiring more face-to-face commu-
nications and physical interactions. 

To further alleviate endogeneity concerns, we first employ an 
instrumental variables (IV) approach. We select IV according to the rule 
that the IV is correlated with the HSR construction variable and is un-
correlated with the outcome variables. We use the historical approach to 
build our IV, that is, we use the 1961 train station as the IV of the HSR 
construction dummy variable (Dong et al., 2020; Turner, 2014). The IV 
estimation results are also robust. Second, we also extend our analysis to 
the city-pairs level, enabling us to incorporate high-dimensional fixed 
effects. We add bilateral city-pair fixed effects to control for the 
time-invariant omitted variables, such as geographical and cultural 
distance within city pairs. We also add origin city-year and destination 
city-year fixed effects to control for time-varying omitted factors at the 
city level that affect both the HSR construction and firms’ CRD.5 The 
city-pairs level estimation results remain positive and statistically 
significant. 

To shed light on the underlying mechanism, we provide auxiliary 
evidence of the heterogeneity analyses at the city and industry levels. 
First, we show that the HSR effects on firms’ CRD are higher for in-
dustries with greater firm-performance heterogeneity, which is posi-
tively correlated with communication costs. Second, the HSR 
construction effects on firms’ CRD are stronger for cities with less 
developed internet that benefit more from the reduction of travel time. 
These results suggest that HSR plays a role in mitigating information 
asymmetry and improving monitoring. 

Our study contributes to several strands of literature. First, our paper 

relates to the literature studying the effect of communication costs on 
firms’ spatial organizations. Several scholars theoretically show that 
falling communication costs lead to firms’ geographic expansion (Cao 
et al., 2019; Gokan et al., 2019). However, there is a lack of rigorous 
empirical evidence on how falling communications costs promote firms’ 
geographic expansion. Most empirical studies focus on how falling 
communication costs affect the relationship between headquarters and 
their existing distant affiliates (Giroud, 2013; Gumpert et al., 2022; 
Kalnins and Lafontaine, 2013). For example, Charnoz et al. (2018) study 
the effect of falling communication costs between headquarters and 
affiliates and find that falling communication costs foster the functional 
specialization of distant affiliates. Giroud (2013) find that falling 
communication costs increase plant-level investments and total factor 
productivity. Compared to these studies, our contribution lies in 
providing causal evidence of how falling communication costs promote 
firms’ geographic expansions. 

Second, our study also contributes to the literature focusing on the 
firms’ CRD in the extensive margin (Aghion and Tirole, 1997; Cao et al., 
2019; Hsieh and Rossi-Hansberg, 2023). It is acknowledged that 
geographic distance plays an important role in explaining the extension 
of the firms’ boundary. To the best of our knowledge, however, there is a 
dearth of existing evidence on the causal relationship between 
geographic proximity and firms’ CRD in the extensive margin. There-
fore, this paper sheds new light on providing compelling evidence that 
HSR construction plays an important role in fostering firms’ CRD in the 
extensive margin. 

Finally, our study also relates to the literature that investigates the 
economic consequences of geographical frictions through HSR con-
struction (Bernard et al., 2018; Lin et al., 2022; Wan and Wan, 2022; Wu 
et al., 2022). Previous research mainly focus on the macroeconomic 
consequences of HSR construction (Baum-Snow et al., 2017; Donaldson 
and Hornbeck, 2016), such as economic growth (Ahlfeldt and Fed-
dersen, 2018; Ke et al., 2017), market integration (Zheng and Kahn, 
2013), reducing migrants’ wage (Kong et al., 2021) and knowledge 
spillover (Dong et al., 2020). More recently, there is a growing body of 
literature examining the impact of HSR on micro units, such as firms or 
individuals. They find that HSR construction affects innovation activ-
ities (Gao and Zheng, 2020), firms’ value (A. Zhang et al., 2020a), 
environmental efficiency (Kong et al., 2021), and investments (Lin et al., 
2022). While these papers either treat firms as a whole or focus on the 
role of proximity between firms (Lin et al., 2022) and innovators (Dong 
et al., 2020), they ignore that HSR construction could also affect the 
firms’ internal spatial distributions, which is a vital aspect of firms’ 
growth (Cao et al., 2019). As a result, this paper complements the 
existing literature by investigating the relationship between HSR con-
struction and firms’ CRD, that is, whether firms establish new 
cross-regional affiliates due to HSR construction. 

The remaining sections of our study are organized as follows. Section 
2 discusses the conceptual framework. The data and empirical design are 
described in Section 3. Section 4 provides the baseline results, robust-
ness tests, and economic consequences. Section 5 presents the analyses 
at the city-pair level. Section 6 discusses the channels. Section 7 con-
cludes the paper with a discussion of policy implications. 

2. Conceptual framework 

Theoretically, whether firms expand their geographic boundary de-
pends on whether they can enter the distant local market successfully 
and the expectation of development in the future, and these two factors 
are partly determined by the information flows (Gordon and Bovenberg, 
1996). How much the headquarters is privy to local information de-
pends on the distance between the headquarters and its affiliates 
(Giroud, 2013). With a shorter distance, the time-constrained firms’ 
managers can take personal travels to have first-hand knowledge about 
how the cross-regional affiliates perform and monitor whether the em-
ployees are diligent or competent, which further improves the quality of 

4 Soft information is information that “cannot be credibly transmitted” and 
“cannot be directly verified by anyone other than the agent who produces it”.  

5 For example, cities doing economically better are more likely to have HSR 
construction, and such city level economic factors can also contribute to the 
expansion of firms located in the city. 
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knowledge received by the headquarters (Alonso et al., 2008). A shorter 
distance should increase the likelihood of opening cross-regional 
affiliates. 

Since the opening of the first HSR in 2008, the Chinese HSR has 
developed rapidly and made remarkable achievements, which has 
changed China, with people’s travel, economy, culture, social customs, 
and many other aspects to varying degrees. HSR has dramatically 
improved the convenience of transportation, shortened the spatial and 
temporal distances between cities, and alleviated the negative impact of 
geographic distance on information transmission. Benefiting from the 
opening of HSR, firms have better access to information on their cross- 
regional affiliates. Under such circumstances, firms would find it more 
profitable to open new distant affiliates. 

Specifically, the HSR construction helps headquarters obtain affili-
ates’ soft information (Giroud, 2013). Compared to traditional trains 
and cars, HSRs are faster and safer as passenger transportation; 
furthermore, unlike air service, they allow individuals to avoid long 
waiting times and the risk of flight delays. Therefore, HSR optimizes the 
traditional transportation network and significantly shortens the travel 
time between two places. HSR connection between two cities can save 
firms’ managers considerable time and transportation costs, providing 
them the convenience of personally visiting the affiliates for communi-
cation and meetings. This situation makes it easier for long-distance 
firms to obtain important “overtones” (Zhang et al., 2020b) and then 
significantly reduces information asymmetry and improves monitoring. 
In summary, we propose hypothesis H1 in the following. 

H1. HSR construction promotes firms’ cross-regional development. 

Geographical distance serves as one measure of information asym-
metry, and in addition to HSR construction and distance, the extent of 
information asymmetry is influenced by other communication costs 
(Acemoglu et al., 2007; Bloom et al., 2014). Two types of communica-
tion costs are particularly relevant. The first type pertains to 
firm-performance heterogeneity (Huang et al., 2017). When the firms 
face higher heterogeneity in affiliates’ performance, the importance of 
affiliates-specific local information increases. Consequently, firms may 
require more face-to-face communication, leading to owners traveling 
more frequently to acquire such information. Therefore, in cases of 
higher performance heterogeneity, the reduction of communication 
costs resulting from HSR construction may yield greater benefits for 
firms. The second type of communication cost is related to information 
technology (Petersen and Rajan, 2002). Throughout our sample period 
(2003–2014), information technology, including the Internet and video 
conferencing, experienced rapid growth. Such advancements facilitate 
information flows within firm units, reducing the necessity of personal 
travel to distant affiliates. In summary, when other communication costs 
are higher, the effects of HSR construction on firms’ cross-regional 
development (CRD) may be more pronounced. Thus, we propose the 
following hypothesis H2. 

H2. The positive effects of HSR construction on firms’ CRD are 
stronger for firms with greater firm-performance heterogeneity and 
firms located in cities with less developed internet. 

3. Empirical models and data 

3.1. Empirical models 

This paper first calculates the number of new affiliates opened in 
other cities by all firms of city c in year t (numc,t) using SAIC’s data to 
investigate whether HSR construction will promote firms’ cross-regional 
development. Accordingly, the regression model is set up as follows: 

numc,t = α + β • HSRc,t + γ • Xc,t + δpt + θc + εc,t (1)  

where the key explanatory variable (HSRc,t) is a dummy variable. The 
value is 1 if city c has opened an HSR in year t; otherwise, it is 0. θc 

represents the city fixed effect, which controls the factors at the city level 
that does not change over time, such as the geographical location, his-
tory, and culture of the city c. Using province-year fixed effects, we are 
able to control for macro-shocks that are common to cities within the 
same province (δpt). εc,t is the error term, and the standard errors are 
clustered at the city level. 

The identifying assumption of the difference-in-differences method is 
the parallel trends of firms’ CRD between cities with HSR construction 
and cities without HSR construction before HSR construction. However, 
if HSR constructions are primarily determined by the cities’ economic 
conditions, this assumption might be violated. Hence, considering that 
the HSR construction decisions are correlated with regional shocks and 
other shocks are correlated with firms’ geographic expansions, we add 
time-varying controls at the city level, including per capita GDP, 
employment in the tertiary industry, foreign investment, and population 
density, which are calculated as logarithms (Lin, 2017).6 

Based on the city-level panel data used in Equation (1), the number 
of newly opened cross-regional affiliates of firms in city c is summed 
across this city. However, such an aggregation comes with certain dis-
advantages. Multiregional firms may exist in city c, and each firm may 
have a different industry, affiliate year, and development trend. Unob-
servable factors at the firm level cannot be controlled if we use the ag-
gregation number. HSR construction may be correlated with these 
unobservable factors, resulting in endogeneity problems. Additionally, 
the regression model in Equation (1) fails to capture the heterogeneous 
impact of HSR construction on different types of firms cannot be 
accounted for. To address these concerns, this paper constructs panel 
data at the firm-city-year level and calculates the number of newly 
opened cross-regional affiliates of firms i (located in city c) in year t, 
which is referred to as numi,c,t, to eliminate the error caused by this 
summation. As a result, we obtain the following regression model: 

numi,c,t =α + β • HSRc,t + γ • Xc,t + δp,t + θi + εi,t (2)  

where HSRc,t is a dummy variable. HSRc,t takes a value of 1 if firms are 
located in a city with existing HSR or 0 otherwise. θi represents the firm 
fixed effects, which control for factors relevant to a particular firm that 
are constant over time, such as firms’ time-invariant characteristics. The 
province-year fixed effects (δp,t) control for macro-shocks that may be 
common to different cities within the same province. Similar to Equation 
(1), the time-varying economic and social factors are controlled at the 
city level, including per capita GDP, employment in the tertiary industry, 
foreign investment, and population density, which are calculated as 
logarithms. Equation (2) differs from Equation (1) by controlling fixed 
effects at the firm level. In this way, factors related to HSR construction 
at the firm level that do not change over time are controlled. εi,t repre-
sents the random error term, and we cluster the standard errors at the 
city level. Therefore, we use the firm-level data to conduct the main 
analysis, and the results of city-level data are regarded as a reference. 

The construction of HSR may depend on other time-varying omitted 
variables, such as local shocks. If these variables are unrelated to firms’ 
CRD, their presence poses no concern. However, if there are (omitted) 
factors that are correlated with both the HSR construction and firms’ 
geographic expansion, any relationship between the two could be 
spurious. To illustrate, consider the scenario where city A experiences 
strong economic growth, increasing the likelihood of having HSR con-
nections. Simultaneously, the favorable economic conditions may 
enhance firms’ capacity for cross-regional expansion. In addition, it is 
worth noting that HSR construction can also be influenced by large 
corporations seeking to expand their geographic reach. To mitigate 

6 We also provide the correlation analysis about the HSR construction vari-
ables and city-level economic conditions. The results are available by request 
from the corresponding author. The results table is not included in the text due 
to space limitations. 

H. Chen et al.                                                                                                                                                                                                                                    



Economic Modelling 126 (2023) 106402

4

these endogeneity concerns, we try to employ multiple methods. 
First, we use an instrumental variables (IV) approach to alleviate the 

endogeneity concerns. At the city level, we seek instrumental variables 
that are correlated with the likelihood of HSR connectivity for a city 
while being unlikely to be correlated with the unobserved determinants 
of firms’ CRD. Our approach is built on past work by Duranton and 
Turner (2012). The instrument variable we employ is an indicator 
denoting whether city A was connected by railway at a historical time 
point (the year 1962), based on the nation’s historical railway network 
(Dong et al., 2020). As shown in the results, the coefficients are still 
statistically positive using the IV method. 

Second, we alleviate the endogeneity concerns by using a sample 
only including peripheral cities. The network structure of China’s HSR 
system consists of four main horizontal lines and four vertical lines, and 
whether the peripheral cities are connected by HSR along these lines is 
usually unplanned (Lin et al., 2022). As shown in the robustness anal-
ysis, the results are similar when we use a sample only including pe-
ripheral cities. 

Third, we consider the dynamic effects of the HSR construction. If 
HSR construction is the endogenous outcome of a firm-level or city-level 
shock, we should find the HSR effects before the HSR construction. 
However, we find no significant effect before HSR construction, which is 
consistent with the parallel trend assumption. 

Fourth, we note that our results are still robust when we consider 
only small firms. Arguably, it is less likely that small firms can lobby for 
HSR construction. In the meantime, HSR constructions are less likely to 
respond to shocks affecting small firms’ CRD. 

Finally, we also conduct robustness checks at the city-pair level. 
Under this specification, we could capture firms’ cross-regional affiliates 
in a directional aspect, which would be more intuitional. In addition, we 
could also add origin city-year and destination city-year fixed effects to 
control for the contemporaneous local shocks. 

In addition to accounting for the sample selection and potential local 
or firm shocks, we carefully consider several other endogeneity con-
cerns. First, some firms may not depend on HSR to communicate with 
and monitor their affiliates, then the HSR construction should not 
matter. Although this is unlikely to introduce any systematic bias, it 
introduces noise into the regressions, making it only harder for me to 
find any significant results. Second, we change the sample period for our 
regression analysis and find consistent results, further strengthening the 
reliability of our findings. Third, an important concern —especially 
about difference-in-differences estimations—is that serial correlation of 
the error term can lead to underestimated standard errors. In our spec-
ification, we cluster standard errors at the city level. This clustering not 
only accounts for the presence of serial correlation within the same 
firms, but it also accounts for potential correlation of the error terms 
across firms in the same city in any given year as well as over time. Our 
results are still statistically significant when clustering standard errors at 
the province or firm level. 

3.2. Data 

We use three datasets in our research. First, we utilize the Firm 
Registration Database to capture our dependent variable, namely the 
number of firms’ cross-regional affiliates. This comprehensive database 
encompasses administrative information for the entire population of 
Chinese firms, spanning over 60 million registered entities from 1949 
onwards, including those that have been de-registered or revoked. The 
dataset provides valuable details such as firm names, addresses, regis-
tration dates, firm types, industry categories, registered capital, 
cancellation or revocation dates, and other variables pertaining to firm 
registration. Obtained from the State Administration for Industry and 
Commerce (SAIC), this database represents the most extensive and 
complete source of information on business activities across all regions 
and industries in China. Moreover, the dataset includes a variable 
indicating membership that enables us to gather information about each 

affiliate and its corresponding owner firm. Consequently, we can accu-
rately determine the number of newly established cross-regional affili-
ates for all firms during the period from 2003 to 2014. To address 
concerns regarding the reliability of registration data, we limit our 
sample to the end of 2014. Prior to this date, SAIC implemented stricter 
regulations, minimizing the likelihood of opportunistic behaviours such 
as registering affiliates for non-legitimate business purposes, including 
capturing government subsidies. 

Second, we collect HSR data from the website of the China National 
Railway Administration and China Railway Corporation. Firms oper-
ating in a city with an established HSR throughout our sample period are 
defined as the treatment group in the DID framework. 

Third, the remaining city-level control variables are derived from 
city statistical yearbooks. Descriptive statistics for the main variables are 
presented in Table 1. A total of 4220 observations at the city level and 
3,527,857 observations at the firm level are obtained from 2003 to 
2014. 

4. Results 

4.1. Benchmark results at the city level 

Table 2 presents the results of city-level regressions that are 
controlled for city fixed effects and year fixed effects. Column (1) shows 
the results of the regression without including control variables, 
whereas the results in columns (2)–(4) add control variables. The co-
efficients of HSRc,t are significantly positive, indicating that HSR con-
struction promotes firms’ cross-regional development. In terms of 
economic significance, the regression coefficient for HSRc,t in column 4 
is 0.086, indicating that the new affiliates opened by firms located in the 
city with HSR construction increase by 8.6%. Furthermore, it implies 
that if a city has 100 firms, the number of newly cross-regional affiliates 
of all firms in that city increases by 8. 

4.2. Benchmark results at the firm level 

Table 3 displays the outcomes of firm-level regressions with all re-
gressions adding firm fixed effects and year fixed effects. The regression 
results in columns (1) and (2) show that firms open more cross-regional 
affiliates after HSR construction. The results align with the findings 
obtained at the city level. We also use the logarithm of numi,c,t as the 
dependent variable and report the regression results in columns (3) and 
(4). The coefficient of HSRi,c,t is 0.005, which is significant at the 5% 
level. These results are consistent with the evidence that firms 
geographically expand when the communication costs decrease (Char-
noz et al., 2018). 

4.3. Dynamic effect test 

Satisfying the assumption of a parallel trend between the treatment 
and control groups in Equation (2) is necessary to ensure unbiased 
estimation results. Specifically, the distribution of treatment and control 
groups should have the same change trend before HSR construction; 
otherwise, the DID method may overestimate or underestimate the ef-
fects of HSR construction. This paper examines the dynamic effect of 
HSR construction on firms’ cross-regional development by applying the 
two-way fixed effect estimation method to test the parallel trend 
assumption. The regression model is constructed as follows: 

numit = βk

∑6

k=− 5
Dtc0+k + γ • Xct + δt + θi + εi,t (3)  

where tc0 represents the year when city c constructs HSR. Dtc0+k is a 
dummy variable and set as 1 after HSR construction in city c or 
0 otherwise. k is negative before HSR construction and positive after 
HSR construction. Following Beck et al. (2010), Dtc0+6 is defined as 1 for 
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6 years or more after HSR construction or 0 otherwise. Dtc0 − 5 is defined 
as 1 for 5 years or more before HSR construction or 0 otherwise. Our 
base year is the year before HSR construction; therefore, Dtc0 − 1 is not 
included in Equation (3). In the same way as Equation (2), Xct represents 
the time-varying economic and social factors at the city level. δt repre-
sents the year fixed effect. θi represents the firm fixed effects. εi,t rep-
resents the random error term, and we cluster the standard errors at the 
city level. 

Fig. 1 illustrates the trend of coefficient βk over time. The dotted line 
represents the 95% confidence interval of coefficient βk, whereas the 
standard errors are clustered at the city level. According to Fig. 1, co-
efficient βk is insignificant before the event but significantly greater than 
0 after the event, which satisfies the parallel trend assumption. 

4.4. Placebo test 

We conduct a placebo test using a randomly generated dummy 
variable to verify that the baseline regression results are not driven by 
chance, the method is similar to Li et al. (2016). We randomly chose the 
year and number of cities for the treatment group based on the amount 
of HSR constructions in each year. Specifically, we select 12 years from 
2003 to 2014 at random (namely t1, t2, …, t12). a1 cities randomly 
selected from all cities are regarded as the opening of HSR in year t1; a2 
cities from the remaining city pairs are regarded as the opening of HSR 
in year t2; and so on. Then, we generate treatment and control groups 
randomly. We re-estimate column (4) of Table 3 with randomly gener-
ated core independent variables to obtain the estimated coefficients. The 
above steps are repeated 500 times using Monte Carlo simulations, and 

Table 1 
Summary statistics.  

Variable N Mean Std. Dev Min Med Max 

numc,t (city level) 4220 226.2156 844.8349 1 40 17013 
numi,t (firm level) 3,527,857 0.2258 4.0446 0 0 5252 
High-speed rail 4220 0.1829 0.3867 0 0 1 
GDP per capita 4220 10.0217 0.8158 4.6052 10.0441 13.0557 
Employment in service industries 4220 11.9853 0.7737 9.0241 11.9592 15.6439 
Foreign-directed investment (FDI) 4220 9.5146 1.9981 0 9.6022 14.5638 
Population intensity 4220 5.7263 0.9064 1.7405 5.8752 7.8870  

Table 2 
Benchmark results at the city level.  

Dependent Variable (1) (2) (3) (4) 

log(1+num) log(1+num) log(1+num) log(1+num) 

HSR 0.085** 0.087*** 0.086*** 0.086** 
(0.03) (0.03) (0.03) (0.03) 

GDP per capita  0.042*** 0.037** 0.037**  
(0.02) (0.02) (0.02) 

Employment in service industries  0.004 0.001 − 0.000  
(0.02) (0.02) (0.02) 

FDI   0.015** 0.015**   
(0.01) (0.01) 

Population intensity    0.002    
(0.04) 

Observations 4220 4220 4220 4220 
City FE YES YES YES YES 
Year FE YES YES YES YES 

Notes: This table reports regression results using Equation (1). ***p < 0.01, **p < 0.05, *p < 0.1. Robust standard errors clustered at the city level are reported in 
parentheses. The dependent variable is the cross-regional affiliates of all firms in cities. 

Table 3 
Benchmark results at the firm level.  

Dependent Variable (1) (2) (3) (4) 

num num log(1+num) log(1+num) 

HSR 0.013** 0.013** 0.005** 0.005** 
(0.01) (0.01) (0.00) (0.00) 

GDP per capita  − 0.003  0.000  
(0.00)  (0.00) 

Employment in service industries  0.003  0.001  
(0.00)  (0.00) 

FDI  − 0.003  − 0.001  
(0.01)  (0.00) 

Population intensity  0.002  0.001**  
(0.00)  (0.00) 

Observations 3,527,857 3,527,857 3,527,857 3,527,857 
Controls NO YES NO YES 
Firm FE YES YES YES YES 
Year#Province FE YES YES YES YES 

Notes: This table reports regression results using Equation (2). ***p < 0.01, **p < 0.05, *p < 0.1. Robust standard errors clustered at the city level are reported in 
parentheses. The dependent variable is firms’ cross-regional affiliates and the following tables all report results using firm-level dependent variables without taking 
logarithm as the dependent variables. 
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the results are plotted in Fig. 2. As a result of 500 Monte Carlo simula-
tions, the estimated coefficients are almost all less than 0.013 derived 
from real data and are normally distributed with 0 as the mean. As a 
result, the benchmark regression results cannot be attributed to some 
accidental causes. 

4.5. Other robustness checks 

Although our prior analysis provides plausible exogenous variations 
in proximity, there are still some concerns regarding the endogenous 
problem, mainly because of the non-randomness of HSR construction. It 
has been well established in the transport economics literature that a 
bidirectional causal relationship may exist between investment in 
transportation and related economic activities (Donaldson and Horn-
beck, 2016). We then conduct several robustness checks to address these 
concerns. 

First, we use IV estimations to alleviate the endogenous issues (Wu 
et al., 2022). Similar to Dong et al. (2020), we use the 1961 train station 
based on China’s historical railway network as a source of quasi-random 
variation in HSR construction. Table 4 reports the first-stage result that 
regresses the HSR dummy variable on the instrumental variables while 
controlling for fixed effects. It confirms that our instruments are strong 
predictors of HSR connection, which is consistent with Wu et al. (2022). 
The coefficient of the IV are positive and significant at the 5% level. The 
instrumental variables also pass identification tests. 

Second, we use the sample excluding nodal cities. The Chinese State 
Council adopted the Medium- and Long-Term Railway Network Plan in 
2004, which proposed the construction of “four vertical” and “four 
horizontal” special passenger lines. Considering that the 28 node cities 
in the plan are artificially selected, HSR construction in these cities is 
highly dependent on the administrative level, economic development 
level, and population of the cities themselves rather than the 
geographical location of node cities, resulting in endogeneity concerns. 
Therefore, this study removes the observed data of firms located in node 
cities to eliminate the interference of non-random factors. According to 
column (1) of Table 5, the regression coefficients are still significantly 
positive, and the magnitude of the coefficients is similar to those in 
Table 3. 

Third, we cluster the standard errors at different levels. In the 
baseline specification, we cluster the standard errors at the city level, 
ignoring the correlation between the number of newly opened cross- 
regional affiliates of firms in different cities within the same province 
and the error term may be underestimated. Hence, we further cluster our 
standard errors at the province level, and the results in column (2) are 
similar to the results in Table 3. 

Forth, we examine whether small firms are affected by the HSR 
construction. We use the sample only including small firms, and the 
results are still statistically significant (column (3)). According to Giroud 
(2013), small firms are unlikely to lobby for airline route construction. 
Similarly, small firms are also unlikely to affect the decisions of HSR 

Fig. 2. Distribution of the estimated coefficients of falsification test. Note: The 
figure shows the cumulative distribution density of the estimated coefficients 
from 500 simulations randomly assigning the HSR construction to cities. The 
red vertical line presents the result of column (2) in Table 3. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the 
Web version of this article.) 

Table 4 
Two-stage least squares regressions.   

(1) 
First-stage estimation 

(2) 
Second-stage estimation 

IV 0.295***  
(0.05)  

HSR  0.152***  
(0.05) 

Observations 3,539,179 3,539,179 
Controls YES YES 
Firm FE YES YES 
Year#Province FE YES NO 

Notes: This table reports the results of two-stage least squares regression using 
the historical route (1961 train station and Ming Dynasty post station) as the 
instrumental variables. ***p < 0.01, **p < 0.05, *p < 0.1. Robust standard 
errors clustered at the city level are reported in parentheses. 

Table 5 
Robustness checks.   

(1) (2) (3) 

HSR 0.018** 0.013* 0.014** 
(0.01) (0.01) (0.01) 

Observations 1,195,315 3,527,857 1,774,389 
Controls YES YES YES 
Firm FE YES YES YES 
Year#Province FE YES NO YES 

Notes: This table reports regression results using Equation (2). In column 1 we 
used the sub-sample excluding node cities. In column (2), we cluster standard 
errors at the province level. In column (3), we use the sub-sample of small firms. 
***p < 0.01, **p < 0.05, *p < 0.1. 

Table 6 
Bacon decomposition.  

Type Weighted Average Total weight 

Timing groups 0.003 0.545 
Always treated vs Timing groups 0.049 0.074 
Never treated vs Timing groups 0.022 0.381  

Fig. 1. Dynamic effects of HSR construction.  
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construction in China. We find that small firms’ CRD is also affected by 
HSR construction, which further consolidates our estimation. 

Finally, we conduct alternative DID estimators. Our baseline speci-
fication is staggered DID, we provide further evidence to make our re-
sults more robust according to a recent discussion by theoretical 
econometricians (Callaway and Sant’Anna, 2021; De Chaisemartin and 
D’Haultfoeuille, 2020; Goodman-Bacon, 2021). They argue that when 
policy effects change over time, the result estimated by the staggered 
DID method (i.e., Equation (2)) is not a well-defined average treatment 
effect but a weighted average of multiple standard differential methods 
that estimate average treatment effects. Moreover, the weights can be 
negative (De Chaisemartin and D’Haultfoeuille, 2020). The dynamic 
effect test method (event study method) of the staggered 
difference-in-differences method also has problems (Sun and Abraham, 
2021). Thus, they argue that we should provide more evidence to make 
estimation robust when using staggered DID estimators. 

In this study, we first provide the Bacon decomposition developed by 
Goodman-Bacon (2021). The decomposition results are presented in 
Table 6 and Fig. 3. In the Timing groups, the control groups are either 
earlier treated or later treated groups. In the Always treated vs Timing 
groups, the control groups are those treated in the first period of our 
sample. In the Never treated vs Timing groups, the control groups are 
those never treated groups. The decomposition results show that the 
aggregate treatment effect is mainly driven by unbiased samples, and 
the estimates in the biased sample are positive. 

We then provide robust evidence introduced by Callaway and San-
t’Anna (2021). The average treated effect is found to be 0.099, which is 
significant at a 1% confidence level. Furthermore, the dynamic event 
study estimates and confidence intervals are reported in Fig. 4, in which 
the coefficient is insignificant before the event and significantly greater 
than 0 after the event, indicating that our baseline results are still valid. 

4.6. Economic consequences 

Based on the results of the above analysis, HSR construction pro-
motes firms’ cross-regional development. After HSR construction, face- 
to-face contact can be easier, and the communication costs are 
reduced. Hence, firms are inclined to open affiliates in more distant 
regions, which could result in a greater distance between firms and their 
affiliates. Consequently, we then examine whether HSR construction 
have this effect. Furthermore, two opposite effects may occur as firms 
expand. On the one hand, firms can conduct cross-regional operations in 
distant markets, improve their competitiveness, and establish economies 
of scale by taking advantage of the new market, improving their per-
formance (Luo and Tung, 2007; Tallman and Li, 1996). On the other 
hand, firms may overexpand, which increases the likelihood of bank-
ruptcy (Higgins and Schall, 1975) and puts them at greater risk (Mueller, 
1977). Lacking detailed firm-level information (for instance, produc-
tivity cannot be estimated without information on investment and 
profit), This study investigates the effect of HSR construction on the 
performance of firms from the perspective of firms’ duration. 

4.6.1. Average distance between affiliates and headquarters 
Geographic distance is used as a measure of information asymmetry 

and regulatory costs (Devos and Rahman, 2014; John et al., 2011). In a 
sense, HSR construction corresponds to the artificial compression of 
“geographic distance”. As a result, geographical proximity can help 
firms to overcome the challenge of high information costs, enable more 
frequent and timely communication with remote affiliates, and facilitate 
easier field visits. The distance between firms’ headquarters and their 
affiliates eventually increase through better supervision and guidance of 
daily operations and the production decisions of cross-regional affiliates. 
We use the weighted distance index (Wdisi,t) to calculate the distance 
between firms and their affiliates based on existing research (Petersen 
and Rajan, 2002) that assesses the distribution of firms’ affiliates: 

Wdisi,t = ln

(

1+
∑

c
Disi,c′ ,t ×weightc′

)

(4)  

where Wdisi,t represents the weighted distance between firm i and all its 
affiliates in year t. Disi,c′ ,t denotes the geographical distance between city 
c where the firms’ headquarters are located and city c’ where its affili-
ates are located. Weightc′ denotes the ratio of the number of affiliates 
that firm i opens in city c’ in year t to the number of affiliates that firm i 

Fig. 3. Bacon decomposition.  

Fig. 4. Callaway and Sant’Anna estimator.  

Table 7 
Economic consequences of HSR.  

Dependent Variable (1) (2) (3) (4) 

Wdisi,t Wdisi,t Hazard rate 

HSR 0.641*** 0.686*** 0.053*** 0.039** 
(0.08) (0.08) (0.02) (0.02) 

Observations 9,773,970 9,773,970 455,019 439,010 
Controls NO YES NO YES 
Firm FE YES YES YES YES 
Year#Province FE YES YES YES YES 

Notes: Columns (1)–(2) in this table reports regression results using Equation 
(2), and dependent variables are the weighted distance between firms’ head-
quarters and all its newly opened affiliates in each year from Equation (4). 
Columns (3)–(4) in this table present regression results using Equation (5). ***p 
< 0.01, **p < 0.05, *p < 0.1. Robust standard errors clustered at the city level 
are reported in parentheses. 
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opens in all cities in year t. The regression results after replacing the 
explained variable in Equation (2) with Wdisi,t are presented in columns 
(1) and (2) of Table 6. Accordingly, the coefficient of HSRc,t is signifi-
cantly positive, regardless of whether control variables are included or 
not, indicating that HSR construction encourages firms to open affiliates 
in farther places. The coefficient of HSRc,t in column (2) is 0.686, which 
indicates that the weighted distance between firms and their affiliates 
increases by 68.6% after HSR construction in the location where firms 
register, which is also important in the economic sense. 

4.6.2. Firms’ survival time 
We construct a Cox proportional hazards model as depicted in 

Equation (5) to assess the impact of HSR construction on the duration of 
firms. The period of each firm’s presence on the market is observed from 
the registration and cancellation dates in the SAIC data. 

hi,c(t)= h0(t)exp
(
α+ β • HSRc,t + γ • Xc,t + δt + θi + εi,t

)
(5) 

The hazard of firm i located in city c died in time t is given by hi,c(t). 
h0(t) is the nonparametric baseline hazard of exit. The independent 
variable (HSRc,t) is a dummy variable. As soon as city c opens its HSR in 
year t, HSRc,t takes the value of 1; otherwise, it takes the value of 0. δt is 
the year fixed effect, θi is the firm fixed effect, and εi,t is the error term. 
The regression results are reported in columns (3) and (4) of Table 7. The 
coefficients of HSRc,t are all significantly positive; therefore, the effect of 
the firms’ cross-regional expansion brought by the construction of the 
HSR on the headquarter is more negative. According to column (4), the 
coefficient of HSRc,t is 0.039, which indicates that firms in cities with 
HSR construction are more likely to exit the market by 3.9% compared 
with those in cities without HSR construction. 

According to the above analysis, there are two opposite effects of 
firms’ expansion on firms’ duration. The results show that HSR con-
struction shortens firms’ survival time, which could imply that the 
negative effect of HSR effects dominates. For example, firms’ expansion 
also creates new demand for capital and capital structure at the same 
time. Firms’ capital often cannot fully meet the expansion needs, and 
firms often expand with high debt. In these cases, when the capital chain 
breaks, firms would face bankruptcy risk. 

However, we cannot conclude that HSR construction is bad for firms. 
Since we cannot observe other firms’ level economic variables, further 
analysis is unavailable. In addition, we use firms’ presence and cancel-
lations in the SAIC’s database to proxy for firms’ duration, which is a 
coarse measure (Shi et al., 2021). 

5. City-pair level analysis 

5.1. Main specification 

We provide empirical evidence at the city-pair level in this section. 
Our regression model in Equations (1) and (2) only controls for city/firm 

fixed effects, which could only control time-invariant factors, and there 
are still several concerns about the estimation results. On the one hand, 
HSR constructions may be correlated with time-varying factors at the 
city or firm level, for example, cities doing economically better are more 
likely to have HSR connections and city-level economic factors could 
also contribute to the expansion of firms located in the city. On the other 
hand, in city-level regression, we do not observe how firms expand. 
Hence, we also conduct our analysis at the headquarter-affiliate pair 
level, the model is as follows: 

log (numijt + 1
)
= α + βconnectijt + θij + δit + γjt + εijt (6)  

Where i indicates the city where headquarter is located, j indicates the 
city where affiliates are located. numijt is the total number of new af-
filiates opened in city j by all firms of city i in year t. connecti,j,t is a 
dummy variable indicating whether a city pair (i,j) is connected by HSR 
at year t, which equals to 1 if city i and city j are connected by HSR in 
year t or 0 otherwise. The advantage of this model is that it can control 
for high-dimensional fixed effects. We add city-pair fixed effects (θij) to 
control for time-invariant omitted unobservable variables at the city- 
pair level, including pre-existing pairwise economic linkages. We also 
add origin city-year and destination city-year fixed effects (δit and γjt), 
these two fixed effects can control for time-varying omitted unobserv-
able variables that could affect both the HSR construction and firms’ 
geographic expansion. In addition, we cluster the standard errors at the 
city-pair level. 

The regression results of Equation (4) are presented in Table 8. The 
dependent variable is the total number of new affiliates opened in city j 
by all firms of city i in year t. Column (1) includes city-pair and year- 
fixed effects. Column (2) adds origin city-year and destination city- 
year fixed effects, allowing for a highly flexible functional form of 
origin- and destination-city time trend. The coefficient estimates in 
columns (1) and (2) are 0.168 and 0.085 respectively and are both 
statistically significant (1% level). These results indicate that the 
connection between two cities brought by HSR construction promotes 
firms’ CRD, and increase the number of cross-regional affiliates by 8.5%, 
compared with the control city pairs that are not connected by HSR or 
connected in later years. 

5.2. Dynamic effect test 

In Equation (4), we include high-dimensional fixed effects to address 
the endogeneity concerns. However, there are still other concerns for 
our identification, such as the time-varying unobservable factors at the 
city-pair level that are correlated with HSR construction. For example, 
when two cities become more connected in economic linkages and these 

Table 8 
City-pair level results.  

Dependent Variable: 
log (numijt + 1)

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

HSR 0.168*** 0.085*** 0.143*** 0.070*** 
(0.00) (0.00) (0.00) (0.00) 

Observations 1,366,872 1,366,872 1,336,296 1,336,296 
City-Pair FE YES YES YES YES 
year FE YES NO YES NO 
Origin-Year FE NO YES NO YES 
Destination-Year FE NO YES NO YES 

Notes: Columns (1)–(2) in this table reports regression results using Equation 
(4). Columns (3)–(4) in this table present regression results using Equation (4), 
and the HSR connection are indirect connection. ***p < 0.01, **p < 0.05, *p <
0.1. Robust standard errors clustered at the city level are reported in 
parentheses. Fig. 5. Dynamic effects of HSR construction at city-pair level.  
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linkages could correlate with HSR construction and firms’ CRD, we 
should observe the increase in the number of affiliates between the two 
cities even before the HSR connection. 

To check whether HSR effects exist before HSR construction, we 
estimate the dynamic effects using the following model: 

log
(
numijt + 1

)
= βk

∑6

k=− 5
connectedtc0+k + θij + δit + γjt + εijt (7)  

where tij0 represents the year when city i and j are connected by HSR. 
Dtij0+k is a dummy variable and equals 1 after city i and j are connected by 
HSR or 0 otherwise. k is negative before the HSR connection and positive 
after the HSR connection. As in Equation (3), Dtij0+6 is defined as 1 for 6 
years or more after HSR connection or 0 otherwise. Dtij0 − 5 is defined as 1 
for 5 years or more before HSR connection or 0 otherwise. The base year 
is one year before the HSR connection. 

The coefficients are plotted in Fig. 5, the vertical dotted lines 
represent the 95% confidence intervals. From Fig. 5, we can see that 
compared to the baseline period, there is no significant increase in the 
number of affiliates before the actual HSR connection. This result is 
consistent with the parallel trend assumption of the staggered 
difference-in-differences method and alleviates the concern of omitted 
variables and sample selection. After the HSR connection, we can see 
that the number of affiliates in city j opened by firms in city i increased 
by 8.5% and are significant at 1% level. 

5.3. Indirect connection 

To further alleviate the endogeneity concern on the HSR construc-
tion, we exploit the network structure of China’s HSR system and check 
whether the indirect connection by HSR could also affect firms’ CRD. 
The system is mainly constructed by four vertical rail lines and four 
horizontal rail lines. When a vertical line is connected with a horizontal 
line, two non-nodal cities on each line can also become connected, 
which we called an indirect connection. As noted, these indirect con-
nections are largely unplanned, especially when we add city-pair fixed 
effects (θij), origin city and destination city fixed effect (δit, γjt) as in 
Equation (2). Hence, the threat to identification due to potential 
endogenous selection can be ruled out more explicitly. 

We drop a sample consisting of city pairs that are directly connected 
by HSR construction. Our treatment group is the city pairs that are 
directly connected by HSR expansion, and the control group is the city 
pairs that are not connected or connected at a later date. We then 
employ the method used by Lin et al. (2022) to construct the indirect 
connection of the HSR variable Indirectijt , which equals to 1 if city i and 
city j are indirectly connected after year t (include year t) and 0 other-
wise. We then replace the variable Indirectijt with connectijt in Equation 
(4) and run the regression again. 

The estimation results are presented in columns (3)–(4) in Table 8, 
the coefficients of the variable Indirectijt are 0.143 and 0.07, respec-
tively, and significant at 1% level, which implies that HSR connection 
increases the number of affiliates in city j opened by firms in city i. 

6. Discussion 

6.1. Discussions on channels 

In this section, we further try to clarify the communication costs 
channel behind the HSR effect on firms’ CRD. First, we conduct a het-
erogeneity analysis based on the level of Internet development in each 
city. During our sample period (2003–2014), China has witnessed rapid 
advancements in Internet technology. The proliferation and wide 
adoption of the Internet facilitate the exchange of information within 
firms’ spatial units, leading to a reduction in their internal communi-
cation costs (Giroud, 2013). The Internet enables efficient information 

flow within firms’ units, thereby diminishing the necessity for personal 
travel to oversee cross-regional affiliates (Giroud, 2013). Conversely, in 
cities with less developed Internet, firm owners may need to engage in 
more frequent personal travel to effectively manage their geographically 
dispersed affiliates. Consequently, if the construction of HSR promotes 
firms’ cross-regional development primarily through the information 
channel, we would expect to observe stronger effects of HSR in cities 
with relatively less developed Internet. 

Specifically, we divide the cities into two groups based on their 
Internet penetration rates: cities with a high Internet penetration rate 
and cities with a low Internet penetration rate. This division allows us to 
test the above conjecture and perform regression analyzes separately for 
each group. The regression results are presented in Table 9. Columns (1) 
and (2) show the regression results of cities with higher internet pene-
tration rates, and the coefficients of HSRc,t are 0.016, which are signif-
icant at the 10% and 5% levels, respectively. As shown in columns (3) 
and (4), the regression results for cities with low internet penetration 
have a coefficient of 0.032, which is significant at the 1% level. Notably, 
the regression results for the sample of cities with low internet pene-
tration rates exhibit higher levels of significance and coefficient mag-
nitudes compared to those for cities with high internet penetration rates. 
In addition, we also interact the internet penetration rate with the HSR 
construction variable in Equation (2). The results are reported in col-
umns (5) and (6), the coefficients of the interaction term are both 
negative and statistically significant at the 5% level, which means that 
when the Internet is more developed, the HSR effects on firms’ CRD are 
weaker. Therefore, these results confirm, to some extent, that HSR 
construction promotes firms’ geographic expansion via the channel of 
information costs. Our results are consistent with the findings in Giroud 
(2013), which find that new airline routes increase distant affiliates’ 
investments, and the effects are stronger in the earlier years of the 
sample period when other nonpersonal means of exchanging informa-
tion (e.g., Internet) are either unavailable or less developed. 

Second, we provide empirical evidence of the firm-performance 
heterogeneity analysis. According to Huang et al. (2017), 
firm-performance heterogeneity is positively correlated with commu-
nication costs. When firms operate cross-regional affiliates and face 
higher performance heterogeneity, firms acquire more affiliates’ specific 
local information and it is more difficult to acquire such information 
without face-to-face communication. Firms need to conduct frequent 
personal travels to acquire such information and improve monitoring. 
Hence, if HSR construction promotes firms’ CRD through the commu-
nication costs channel, then the effect of geographic proximity on firms’ 
geographic expansion should be stronger with greater firm-performance 
heterogeneity. 

Specifically, we adopt the method from Huang et al. (2017) to 
measure the performance heterogeneity, that is, the dispersion of TFP.7 

We interact the performance heterogeneity with the HSR construction 
variable and add it in Equation (2), the results are reported in Table 10. 
The coefficients of the interaction term in columns (1)–(3) show that the 
HSR effects are stronger when firm performance heterogeneity is 
greater. Industries characterized by higher performance heterogeneity, 
relative to other industries, typically necessitate increased face-to-face 
communication and on-site and physical monitoring. Consequently, 
the impact of HSR on these industries is stronger. This suggests that 
enhanced passenger transportation, facilitating smoother mobility, 
plays a crucial role in supporting the operation of cross-regional affili-
ates for firms in such industries. Therefore, the results in Table 10 are 
consistent with our hypothesis that HSR reduces travel time, and pro-
motes firms’ geographic expansion by reducing communication costs. 
Furthermore, these results are also consistent with Huang et al. (2017), 

7 The standard deviation of the firm’s TFP in the three-digit-industry-year 
level, we use three method to calculate TFP: OLS, Olley-Pakes and Index 
Number methods. 
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in which the positive distance-decentralization relationship is stronger 
for state-owned enterprises (SOE) with greater firm-performance 
heterogeneity. 

Next, we try to provide empirical evidence to exclude the alternative 
channel, that is, the reduction of commuting costs. For the sample of sole 
proprietors, firms may mainly benefit from the reduction of commuting 
costs rather than internal communication costs. Sole proprietors usually 
manage their affiliates personally and then have to commute daily. 
Similar to Kalnins and Lafontaine (2013), to distinguish communication 
costs channel from pure commuting costs, we look for evidence that the 
effects of HSR on firms with multi-establishments. Such firms are 
required to hire employees to operate and manage at least some of their 
businesses, making communication and monitoring costs as a crucial 
mechanism through which the HSR construction effects operate. If the 
channel is the reduction of commuting costs, we would not find the HSR 
effects for multiregional firms. Table 11 shows the regression results. 
Columns (1) and (2) only retain samples when the number of 
cross-regional affiliates open by firms is greater than 1 prior to HSR 

construction. As a result of adding the control variable to column (2), the 
coefficient of HSRc,t is 0.033, which is significant at the 10% level. 
Moreover, only firms that open more than two cross-regional affiliates 
are included in columns (3) and (4). In column (4) where control vari-
ables are added, the coefficient of HSRc,t is 0.053, which is statistically 
significant at the 10% level. Hence, we reinforce the communication 
costs channel by confirming positive and statistically significant HSR 
effects in a sample that excludes sole proprietors. 

6.2. Other heterogeneity analysis 

6.2.1. Cross-regional development experience 
Intuitively, firms with previous cross-regional development experi-

ence are more likely to overcome geographic barriers. In particular, 
firms with previous experience in cross-regional development can 
accumulate corresponding knowledge and skills based on previous 
experience (McDonald et al., 2008). Such knowledge and skills are an 
important component of firm-specific advantages (Clarke et al., 2013). 
As a result, firms can effectively distinguish between relevant and 
irrelevant information when making cross-regional development de-
cisions and make high-quality business decisions. Firms with experience 
in cross-regional operations are better equipped to identify and take 
advantage of opportunities in the institutional environment of a target 
market and to expand successfully in that market (Henisz, 2003). 
Accordingly, firms with rich experience in cross-regional operations are 
more likely to open cross-regional affiliates even without HSR con-
struction. Hence, the effect of HSR construction on firms’ cross-regional 
development may be less for firms with previous cross-regional devel-
opment experience. Based on the idea of Heimeriks and Duysters (2007), 
the study measures the cross-regional development experience of firms 
using the existing number of cross-regional affiliates that are open 
before HSR construction and interacted with HSRc,t. The regression re-
sults are presented in columns (1) and (2) of Table 12. The coefficient of 
the triple interaction term is significantly negative, suggesting that HSR 
construction has a stronger promoting effect on the cross-regional 
development of firms with less cross-regional development experience. 
In addition, this paper defines another cross-regional development 
experience variable to enhance the robustness of the results. A firm with 
more than 0 cross-regional affiliates before HSR construction is 
considered experienced (experience = 1); otherwise, it is considered 
inexperienced (experience = 0). In columns (3) and (4), the coefficients 
of triple interaction terms are still significantly negative, which 
strengthens the results. 

6.2.2. Heterogeneity of scales 
The theory of foreign investment emphasizes the importance of 

explaining foreign direct investment (FDI) behaviour from the 
perspective of firm heterogeneity (Helpman et al., 2004). The produc-
tivity and scale of FDI firms tend to be higher than those of non-FDI 
firms. Only high-productivity firms can bear the market entry costs 
caused by FDI and therefore profit from it. In the domestic market, more 

Table 9 
Internet penetration rate.  

Sample Internet penetration > median Internet penetration < median Interaction 

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

Treat*Internet     − 0.021** − 0.021**     
(0.01) (0.01) 

Treat 0.016* 0.016** 0.032*** 0.032*** 0.03*** 0.03*** 
(0.01) (0.01) (0.01) (0.01) (0.00) (0.00) 

Observations 3,055,328 3,055,328 417,277 417,277 3,472,605 3,472,605 
Controls NO YES NO YES NO YES 
Firm FE YES YES YES YES YES YES 
Year#Province FE YES YES YES YES YES YES 

Notes: This table reports regression results using Equation (2). ***p < 0.01, **p < 0.05, *p < 0.1. Robust standard errors clustered at the city level are reported in 
parentheses. 

Table 10 
Performance heterogeneity.   

TFP OLS 
dispersion 

TFP Olley-Pakes 
dispersion 

TFP Index 
Nummber 
dispersion 

(1) (2) (3) 

Treat*Performance 
Heterogeneity 

0.022*** 0.041*** 0.034*** 
(0.00) (0.00) (0.00) 

Treat 0.027*** 0.055*** 0.042*** 
(0.00) (0.00) (0.00) 

Observations 3,472,605 3,472,605 3,472,605 
Controls YES YES YES 
Firm FE YES YES YES 
Year#Province FE YES YES YES 

Notes: This table reports regression results using Equation (2). ***p < 0.01, **p 
< 0.05, *p < 0.1. Robust standard errors clustered at the city level are reported 
in parentheses. 

Table 11 
Commuting cost.  

Sample Number of affiliates > 1 Number of affiliates > 2 

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

Treat 0.035* 0.033* 0.056* 0.053* 
(0.02) (0.02) (0.03) (0.03) 

Observations 1,157,529 1,157,529 667,748 667,748 
Controls NO YES NO YES 
Firm FE YES YES YES YES 
Year#Province FE YES YES YES YES 

Notes: This table reports regression results using Equation (2). ***p < 0.01, **p 
< 0.05, *p < 0.1. Robust standard errors clustered at the city level are reported 
in parentheses. 
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productive and larger companies are more likely to break geographical 
distances and establish affiliates in other cities. Therefore, HSR con-
struction may have less impact on bigger firms’ cross-regional devel-
opment. We use the variable “registered capital” in SAIC data to 
distinguish the size of firms. As shown in columns (5) and (6) in 
Table 12, the triple interaction terms are all statistically negative, 
indicating that HSR construction has a greater impact on the 
cross-regional development of smaller firms. 

6.2.3. Heterogeneity in sectors 
The opening of affiliates in different industries may have different 

effects as a result of HSR construction. The tertiary industry has a greater 
demand for talent, information, and knowledge compared with primary 
and secondary industries, which are highly dependent on raw materials 
and goods. If HSR construction promotes firms’ cross-regional devel-
opment through the communication costs channel, we could speculate 
that HSR effects on firms’ geographic expansion are stronger in the 
service industry. In this study, we divide the sample into three cate-
gories: agricultural industry, manufacturing industry, and service in-
dustry, and regression is carried out based on Equation (2). As shown in 
Table 13, the regression results are presented with and without control 
variables. For primary and secondary industries, the results in columns 
(1)–(4) demonstrate that the effects of HSR construction on the number 
of firms’ cross-regional affiliates is positive but insignificant. According 
to the results in columns (5) and (6), HSR construction has a positive 
impact on the number of cross-regional affiliates for the tertiary industry 
with a coefficient of 0.015, which is statistically significant at 10%. In 
addition, we also interact with the industry dummy variable8 in Equa-
tion (2) with the HSR construction variable. The results are presented in 

columns (7) and (8), the coefficients of the interaction term are both 
negative and statistically significant at 1% level, which means that the 
HSR effects on firms’ CRD are strongest in the service sector and weakest 
in the agricultural sector. Therefore, the results confirm the results that 
HSR construction affects firms’ CRD through the communication cost 
channel, which is consistent with expectations. 

7. Conclusion 

By exploiting the staggered HSR construction in China as a quasi- 
natural experiment, we analyze the effect of internal communication 
costs, specifically travel times, on firms’ cross-regional development. 
HSR represents a novel transportation technology that facilitates 
convenient and efficient physical connectivity between cities. It not only 
enables easier access for passenger transportation but also fosters 
enhanced communication and interaction within firms. Consequently, 
HSR construction has the potential to spur the establishment of new 
cross-regional businesses. Understanding the extent to which the 
reduction in passenger travel costs promotes firms’ cross-regional 
development is crucial for comprehending the overall economic impli-
cations of HSR construction and other significant travel infrastructure 
projects. 

As a result of HSR construction, firms respond at an extensive margin 
by establishing more cross-regional affiliates, and the distance between 
headquarters and affiliates increases. According to the results at the city 
level, HSR construction increases the number of cross-regional affiliates 
by 8.6%. After conducting several tests to alleviate endogeneity con-
cerns, the results remain robust. And our results imply that firms with 
less cross-regional operation experience and smaller sizes are more 
affected. Furthermore, the estimated effects are greatest in the service 
industries, where the information being transmitted is arguably softer. 
Finally, we provide auxiliary evidence suggesting that communication 
costs may play a remarkable role in determining the location of affili-
ates. Specifically, we demonstrate that the HSR effect is greater for firms 

Table 12 
Heterogeneity analysis: Cross-regional development experience and scale.   

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

HSR*experience − 0.084*** − 0.084*** − 0.458*** − 0.458***   
(0.00) (0.00) (0.01) (0.01)   

HSR*size     − 0.020** − 0.020**     
(0.01) (0.01) 

HSR 0.161*** 0.160*** 0.343*** 0.343*** 0.014 0.004 
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) 

Observations 3,269,156 3,269,156 3,527,857 3,527,857 3,555,353 3,555,353 
Controls NO YES NO YES NO YES 
Firm FE YES YES YES YES YES YES 
Year#Province FE YES YES YES YES YES YES 

Notes: This table reports regression results using Equation (2). ***p < 0.01, **p < 0.05, *p < 0.1. Robust standard errors clustered at the city level are reported in 
parentheses. Note: The results in columns (1)–(4) are the heterogeneity regression of firms’ cross-regional development experience. The results in columns (5)–(6) are 
the heterogeneity regression of firms’ scales according to registered capital. 

Table 13 
Heterogeneity analysis: Industry.  

Sample Agricultural industry Manufacturing industry Service industry interaction 

(1) (2) (3) (4) (5) (6) (7) (8) 

HSR*Industry       0.397*** 0.397***       
(0.01) (0.01) 

HSR 0.060 0.057 0.015 0.014 0.016* 0.015* 0.235*** 0.234*** 
(0.08) (0.08) (0.02) (0.02) (0.01) (0.01) (0.02) (0.02) 

Observations 263,534 263,534 898,981 898,981 2,330,361 2,330,361 3,988,360 3,988,360 
Controls NO YES NO YES NO YES YES YES 
Firm FE YES YES YES YES YES YES YES YES 
Year#Province FE YES YES YES YES YES YES YES YES 

Notes: This table reports regression results using Equation (2). ***p < 0.01, **p < 0.05, *p < 0.1. Robust standard errors clustered at the city level are reported in 
parentheses. 

8 We define this variable equals to 1 if firms belong to the agricultural in-
dustry, 2 if firms belong to the manufacturing industry, and 3 if firms belong to 
the service industry. 
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whose headquarters are located in areas with a lower Internet pene-
tration rate and industries with higher-performance heterogeneity. 

The results of our study have several implications. First, HSR con-
struction effectively reduces communication costs within firms and en-
hances information flows between distant places. Thus, HSR 
construction enables firms to operate their cross-regional affiliates at 
lower costs compared to the absence of HSR construction, thereby 
facilitating the establishment of new affiliates in remote areas. In gen-
eral, HSR connection is beneficial for firms’ geographic expansion 
through information channels. Second, transportation plays an essential 
role in economic activities. Yet, relatively little attention has been paid 
to the implications of travel costs for economic integration. Our study 
focuses on how the reduction in travel costs promotes firms’ geographic 
expansion. As a result, we offer a novel perspective on the economic 
integration and development brought about by HSR construction. In this 
regard, policymakers should further improve the HSR connections. 
Third, the current study also helps us understand how firms’ geographic 
footprints are shaped. Such geographic footprints have potentially 
important implications on the propagation of economic shocks across 
regions, and even foretelling how future local specific shocks would 
propagate to other regions. 

Further research could examine how geographical proximity affects 
the economic performance (such as total factor productivity) of newly 
established cross-regional affiliates or their organizational structures in 
the future. Given the limitations of the current dataset, we can only 
examine how the reduction of communication costs by HSR construction 
affects firms’ cross-regional development at an extensive margin. In the 
future, these research lines may deepen our understanding of firms’ 
spatial organization and their evolution in response to changes in travel 
time with more sophisticated datasets, such as identifying the perfor-
mance data of affiliates and the employment data of affiliates and firms’ 
headquarters. 
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