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Analysing firm-level impacts of high-speed railways
on reducing business costs: evidence from China

Nuo Jin

ABSTRACT
Numerous studies have revealed that high-speed railways (HSRs) can efficiently reduce transportation costs
for firms and therefore bring more business capacities to firms in regions with HSR services. This paper aims
to adopt the difference-in-difference (DID) and PSM (propensity score matching) DID methods to examine
the HSR’s causal effects on business costs. The author finds that business costs are significantly reduced
due to the operation of HSR lines. Besides, private firms and firms in the secondary and tertiary sectors
would experience more reductions of business costs encouraged by the HSR than state-owned and
agricultural firms. The placebo test and parallel trend test have proved the feasibility of this study.
Finally, this paper provides policy suggestions that the construction of HSR lines needs to be
encouraged in order to promote the higher efficiency of business operations for firms and more-
balanced spatial business developments in China.

ARTICLE HISTORY
Received 9 June 2023; Accepted 4 January 2024

KEYWORDS
High-speed railways; business costs; PSM-DID; China

JEL CLASSIFICATION
M21; M20; R41; R42

1. INTRODUCTION

The high-speed railway (HSR) is one of the most advanced means of transportation and is typically
divided into three categories, based on the minimum speed, i.e., a minimum speed of 250, 200 or
160 km/h (Pyrgidis, 2016). The HSR system in China has three speed-based categories: railways
with an operational speed ranging from 300–380 km/h on HSR-only tracks, 200–250 km/h on
HSR-only tracks and 160–200 km/h on existing tracks (former Ministry of Railways, 2013).

ThemodernHSR project in China in the twenty-first century started to operate in 2008 with
the 6th campaign to raise the speed of railways and the operation of the 300 km/h Beijing-to-
Tianjin high-speed railway, days before the opening of the 2008 Beijing Olympic Games.
China has witnessed rapid developments of the HSR system since 2008, which has covered 31
provinces with over 150million people by 2020 and has become one of the largest HSR networks
around the world (Zhang & Jefferson, 2020). As a fast and modern transportation system, the
HSR system is considered to have tremendously improved the efficiency of business

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://
creativecommons.org/licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited. The terms on which this article has been published allow the posting of the Accepted Manuscript
in a repository by the author(s) or with their consent.

CONTACT Nuo Jin JinN3@cardiff.ac.uk
Cardiff Business School, Cardiff University, Cardiff, UK

Supplemental data for this article can be accessed here https://doi.org/10.1080/21681376.2024.2305946.

REGIONAL STUDIES, REGIONAL SCIENCE
2024, VOL. 11, NO. 1, 22–37
https://doi.org/10.1080/21681376.2024.2305946

http://crossmark.crossref.org/dialog/?doi=10.1080/21681376.2024.2305946&domain=pdf&date_stamp=2024-02-03
http://orcid.org/0009-0002-0218-3886
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
mailto:JinN3@cardiff.ac.uk
https://doi.org/10.1080/21681376.2024.2305946
http://www.tandfonline.com
http://www.regionalstudies.org/


developments and reduced the time cost of business operation, which therefore encouraged a
higher frequency of interprovincial trades and business (Liu & Zhang, 2018; Niu et al., 2020).
For example, the total trade volume between Beijing and Shanghai, two economic centres in
China, increased by 3.6% from 2010 to 2011 and Li and Wang (2013) suggest that the HSR
line connecting these two economic centres of China contributed 56% to this increase. Mean-
while, business costs of local firms in regions through which the HSR passes are proven to
decrease more rapidly than those in other regions without HSR lines in China, indicating that
the HSR significantly contributed to the decrease in business costs (Wu et al., 2022).

Business costs are a significant component of daily operations for all companies and can be
categorised into fixed and variable costs (Park et al., 2005). It refers to all costs generated during
the process of business and the method of categorisation (fixed/variable costs) has been applied
in numerous studies (Briciu, 2008; Roberts et al., 1999; Winters & Martins, 2004). Fixed costs
include business expenses that are not dependent on extra goods or services produced, including
rent and lease costs, insurance and utility bills, while variable costs include expenses depending
on the firm’s production or sales volume, such as costs of extra materials for production. It has
been widely acknowledged (Fama & French, 1999; Thomas, 1998) that business operators con-
sider business costs a dominant concern since both fixed and variable costs have critical impacts
on business behaviours and expectations of corporate growth. Among all kinds of variable costs,
the cost of transporting labour resources is one of the most fundamental. For example, Ander-
son et al. (2008) found that 20% of total business costs for a manufacturing company and 45% of
those for a financial company result from costs of business-related labour exchange which
belong to variable costs. Current literature reveals that there are two major channels through
which a HSR can have positive impacts on reducing business costs. First, the HSR could encou-
rage agglomeration effects of industries and attract firms in the supply chain to be relocated to
areas with HSR lines or strengthen the cooperation of firms in areas that are connected by HSR
lines so that business costs of supply chain cooperation can be significantly reduced (Ahlfeldt &
Feddersen, 2018). Such agglomeration effects can be implemented through mechanisms of
reducing costs of worker mobility (Heuermann & Schmieder, 2019), reducing innovation
costs by creating inter-regional innovation cooperations (Komikado et al., 2021), and reducing
investment costs by benefitting from service-oriented local governments which have stronger
intentions of utilising the HSR for business developments (Sun et al., 2023). Second, even
though the HSR barely serves as cargo trains, the direct reduction of communication costs
such as costs of labour and capital exchange can play an important role in the overall reduction
of business costs (Blum et al., 1997).

To contribute to the current literature, this paper is intended to include some distinctive fea-
tures. First, most existing papers implemented the macro-level analysis of the correlations
between the HSR and corporate performance (Guo et al., 2021; Yilmaz & Ari, 2017) while
this paper adopts a firm-level lens to analyse the impacts of the HSR systems on reductions
of business costs, an important determinant of corporate developments. To the best of my
knowledge, this research for the first time applied the massive amount of Chinese firm-level
data to analysing impacts of HSR on business costs. Second, few papers empirically analysed
impacts of the HSR on business costs for firms in regions with HSR lines, especially from a
firm-level perspective with a comprehensive firm dataset and the categorisation of dividing
business costs into fixed and variable costs. Third, the operation of two major HSR lines, namely
the Shanghai-to-Nanjing line (started in 2010) and Beijing-to-Tianjin line (started in 2008),
provided us with a quasi-natural experiment since the construction of HSR lines is purely
decided by the central government of China and is hardly impacted by local businesses, making
the difference-in-difference (DID) analysis applicable to this topic (Lawrence et al., 2019).
Finally, to eliminate the selection bias, the author completes the propensity score matching
(PSM) DID analysis utilising the data of almost all firms on the A-share list1 in China.
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This paper consists of two empirical studies. First, the DID analysis on how the HSR
impacts business costs for firms in Beijing and Shanghai is conducted. Then, to eliminate the
regional heterogeneity of business development and economic growth and to remove selection
bias due to Beijing and Shanghai being two economic centres in China, the PSM-DID method
is applied in the second study to analyse correlations between the HSR and business costs for
firms in all prefecture-level cities in China in order to generate patterns and mechanisms of
business impacts of the HSR.

The remainder of this paper is organised as follows. Section 2 includes the literature review
of the HSR system, business costs and current findings of correlations between them. Section 3
outlines the research design and main methodologies. Section 4 introduces data sources and
variable specifications. Section 5 shows results of DID and PSM-DID estimations and Section
6 contributes to these results by providing robustness tests. Section 7 concludes the paper.

2. HIGH-SPEED RAIL AND BUSINESS COSTS

The HSR system can be linked to improved business efficiency and regional economic growth.
Some macro-level studies have revealed that newly built HSR projects can have positive impacts
on regional economic developments and better business environments. More specially, there are
several mechanisms through which the HSR could have impacts on business and the economy.
First, the HSR is believed to improve the business environment by creating the agglomeration
effect. For instance, numerous papers adopt this mechanism and demonstrate how Japanese
HSR lines, i.e., Shinkansen, improved business environments in Japan (Komikado et al.,
2021), raised business profits by encouraging corporate innovations (Miwa et al., 2022) and low-
ered the unemployment rate by creating more jobs (Hiramatsu, 2018). Second, the HSR can
efficiently reduce transportation costs, which is an important branch of variable costs, so that
the business profits can be maximised. Chen et al. (2016) claim that the Chinese economy
and firms in multiple industries have benefited from the reduction of rail transportation
costs, and firms in regions with HSR lines experienced a significant reduction of business
costs due to lower transportation costs. Charnoz et al. (2018) argue that the expansion of
HSR lines in France led to decreasing communication costs for firms and higher specialisation
of business operations.

However, relevant studies on impacts of the HSR on the business cost reduction in China
are still far from adequate. Meanwhile, to the best of my knowledge, the majority of existing
literature on analysing firm-level impacts of the HSR on business costs use survey data that
account for a small proportion of the data of all firms in the sample regions, and few studies
have adopted the panel data of all A-share listed firms in China to conduct research on corre-
lations between the HSR and firm-level business costs for almost all firms in the country, which
could become an area where this paper can make contributions. In accordance with large HSR
networks and dynamic business environments, it might be essential to concentrate on firm-level
analysis on impacts of the HSR on business costs for firms in China.

In China, the HSR lines as a significant means of infrastructure have been an important
public agenda that is highly valued by the central and local governments (Lawrence et al.,
2019). As noted by Sahoo et al. (2010), rapid developments in public transportation in
China such as the HSR have considerably contributed to increases in regional economic output
and domestic interprovincial trade, which inspired the central and local governments to pay
more attention to quantified firm-level impacts of new HSR lines. With regard to the
macro-level benefits of the HSR in a wider background of railway acceleration in the past
few decades in China, Zhou and Zheng (2012) also found that rounds of railway acceleration,
including the operation of several HSR lines in China, have significantly encouraged regional
economic growth and higher business efficiency in Beijing, Shanghai and Canton in the past
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three decades. The eye-catching development of the HSR system in China has also encouraged
papers that conduct firm-level analysis on its influences on firms. Liu and Hu (2011) find that
the HSR system helped to improve the efficiency of interprovincial trade in South China and
narrowed the gap in corporate benefits between relatively wealthy regions and relatively poor
regions. However, since most of the micro-level databases have not been published until
recently, HSR-related firm-level research projects on this issue are still far from adequate in
China.

Regarding how the HSR impacts business costs, relevant literature is far from sufficient
while business costs are a significant measurement of business operations. Most of the current
literature considers business costs as a branch of models for a broader analysis of impacts of the
HSR on business developments while few papers discuss how business costs will respond to the
opening of HSR lines specifically based on firm-level databases. Chi and Han (2023) claim that
the HSR has significant impacts on industrial business movements by reducing the costs of
business operations. Wang et al. (2014) analyse changes in travelling modes after the HSR
was introduced in China and find that positive impacts of the HSR on the reduction of business
costs are significant due to lower costs of business trips. The mechanism of how the HSR will
have impacts on business costs might have been most straightforwardly illustrated by Ahlfeldt
and Feddersen (2018) who claim that the HSR can lead to agglomeration effects of labour and
capital so that exchange activities of both factors will induce lower business costs than without
the HSR. Business costs are a significant measurement which reveals the efficiency of business
operations for individual firms (Jiang et al., 2006), and it is extremely valuable to analyse the
potential impacts of the HSR on reducing business costs given the growing requirements for
business cost reduction amid the current era of uncertainty.

In conclusion, how the HSR can have impacts on overall regional economic development
and narrowing gaps in spatial economic growth has been thoroughly discussed from macro-
level perspectives of economics. However, it should also be noted that multiple studies reveal
that the HSR might cause wider regional economic gaps and discourage the development of
local businesses, especially in left-behind regions, through multiple mechanisms such as the
agglomeration effect which pulls labour and capital from these regions to economic centres
(Kim & Sultana, 2015; Pagliara et al., 2022). As such, the author expects that impacts of the
HSR on the reduction of business costs in China might demonstrate regional heterogeneity,
i.e., firms in several regions might benefit from lower business costs due to the HSR while
those in certain other regions might not. Meanwhile, it remains to be answered how it will affect
business costs for firms among regions and cities with or without HSR lines in China, which
requires firm-level information on this issue. Thus, it is necessary to design an empirical
firm-level study on the potential causal effects of HSR on business costs for firms in China,
and the first case will focus on business costs for firms in Beijing and Shanghai before and
after 2008, the year of the first HSR line operation in China which connects Beijing and
Tianjin.

There are three hypotheses that need to be specified in this paper.

1) HSR services contribute to the reduction of business costs for firms in China.

The operation of HSR lines has been proven to contribute to the reduction of business costs
for firms through the mechanism of the agglomeration effects in many countries. Ahlfeldt and
Feddersen (2015) show that the HSR project connecting Frankfurt and Cologne in Germany
has contributed to a higher economic agglomeration coefficient in cities along the line by 8 per-
cent and reduction of business costs of local firms in these cities by 10 percent. Tian et al. (2019)
constructed the agglomeration coefficient for urban service sectors in China by combining the
location factor of the service sector and the density of employment and service providers. They
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found that larger agglomeration coefficients are highly correlated with lower-level business costs
of firms in urban service sectors in China. More specifically, the reduction of fixed and variable
costs due to the HSR might be varied since the transportation costs were reduced due to the
HSR belonging to variable costs while fixed costs can also be negatively impacted by the
HSR due to lower labour costs (Yu et al., 2018).

(2) Such reduction has spatial heterogeneity patterns, indicating that business costs for firms
in a more developed city might be reduced more than those in a less developed city even
though both cities have HSR passing through.

New economic geography (NEG) focuses on the emergence of agglomeration effects which
rely on increasing returns of scale and transportation costs (Krugman, 1991). Elements of the
current literature have applied this theory to analysing gaps in the reduction of business costs
driven by the agglomeration of business due to the operation of HSR lines among cities that
benefit from the HSR. Vickerman (2015) demonstrates that the reduction of business costs
in mid-level and small cities is significantly less pronounced than that in major cities, although
all of them benefit from HSR lines in Europe which argues that HSR lines failed to meet the
primary objective of reducing regional disparities of corporate growth. Ke et al. (2017) focus on
the diversified impacts of the HSR on business developments among cities with HSR services in
China by constructing hypothetical counterfactuals for cities in the absence of HSR services
using outcomes in selected non-HSR cities and find that the reduction of business costs
tends to be greater in cities with HSR services and higher-level industrialisation, greater ability
of the service sector and better-supporting infrastructure.

(3) Such reduction also presents heterogeneity across firms with different ownerships. For
example, private firms and those companies in service sectors might benefit more
from the reduction of business costs.

A great deal of attention has been paid to gaps in business growth and costs between state-
owned and private enterprises in China and how they respond to increases in productivity dif-
ferently. Lin et al. (2020) compare corporate structures and innovation-provoking schemes
between state-owned and private enterprises in China and claim that private enterprises benefit
more from innovations than state-owned enterprises due to more flexibility in absorbing new
technologies and talents. Guo and Wu (2020) demonstrate that the reduction of the cost of
debt financing as an important category of business costs varies between state-owned and private
firms in China when these firms are located in cities with HSR services. More specifically, they
find that the increase in productivity encouraged by HSR services is vulnerable to the ownership
of the firm and state-owned firms present a lower-level transition of such an increase in pro-
ductivity in the form of cost reduction.

3. METHODOLOGY

3.1. DID analysis on firms in Shanghai and Beijing

See the Appendix in the supplemental data online.

3.2. PSM-DID analysis on firms in all prefecture-level cities in China
The author applies the PSM-DID method to examine whether results from the prior analysis
are still feasible for firms in other prefecture-level cities of China to eliminate the sampling bias.
The propensity score method (PSM) is a widely used quasi-experimental method that allows
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non-experimental or observational data to conduct interventional effect analysis on projects
(Rosenbaum & Rubin, 1983) and can convert raw data into constructed data that follows the
prerequisite of parallel trends embedded in the DID approach by matching each treated unit
with a non-treated unit of similar characteristics. Reasons for choosing the PSM-DID method
are the following. First, whether a city or a region is planned to have HSR lines is not randomly
determined and this might lead to correlations between explanatory variables and residuals in
the traditional DID model and thus endogeneity problems (Huang & Wang, 2020). Second,
removing the self-selection bias entirely with the DID estimation strategy proves challenging
due to the significant heterogeneity in business costs among firms in different cities. Economi-
cally developed central cities typically boast a superior business environment, resulting in lower
business costs. Additionally, cities situated along the HSR routes are more likely to experience a
substantial reduction in business costs compared to those not on HSR lines. Consequently, the
initial disparity in business costs between the treatment group cities and the control group cities
before the implementation of HSR could introduce self-selection bias. Last, but not least, the
DID method meets the requirement of the panel data model based on a quasi-experimental set-
ting since the operation dates of HSR lines in different cities in China are varied and several
time-invariant variables such as the distance between two cities connected by the HSR need
to be controlled.

According to Rosenbaum (2023), the propensity score is the probability that a unit will enrol
in a programme or be affected by a policy or a shock based on observed characteristics. Then,
PSM matches treated units to untreated units based on the propensity score. The implemen-
tation of the PSMmethod in this study includes the following steps. First, it is essential to select
several covariates such as GDP per capita and the population density to define the similarity
between city individuals. A logit model of binary choice was established to estimate the simi-
larity. Second, linearised propensity scores are calculated to define similarity between different
cities to ensure the consistency between propensity score similarity and covariate similarity.
Finally, results of the PSM process can provide the effectiveness of the matching, as shown
in Figure 1.

Figure 1. Bar chart of propensity scores.
Note: The propensity score represents the probability that each city individual will be affected by the
HSR, i.e., the probability of being selected to the treatment group. The vertical axis represents the
nuclear density. On support means that samples are successfully matched after the PSM method,
i.e., propensity scores of both treatment and control groups are in the range of common support,
and off support means that samples are not successfully matched after the PSM method, indicating
data of these samples ought to be omitted (Abadie & Imbens, 2016).
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Thus, the experimental group consists of firms in prefecture-level cities with HSR services
and the control group includes firms in other prefecture-level cities without HSR services. After
the PSM process that completes the transformation of datasets, it is possible to estimate the
expected impacts of HSR services on a reduction of business costs in major cities in China.
Instead of considering firm-level control variables in the previous DID analysis, the PSM-
DID analysis chooses macroeconomic variables of cities where firms are located as control
variables in order to specifically control for regional heterogeneity. The panel data model is con-
structed as follows:

Bscit = a0 + b1Cit + b2Yit + b3Cit × Yit + gjControl jit + b4Oit + 1it (1)

In this model, i represents the ith firm in a designated prefecture-level city and t represents time.
Cit is a dummy variable which equals 0 if the city where the ith firm is located did not have HSR
services at year t and equals 1 if it had HSR services at year t. Yit is another dummy variable
which equals to 0 when the year of the data of business costs is before the year of starting
HSR operation in the city where the firm is located and equals to 1 when the year of the
data is after the year of starting HSR operation. Cit × Yit is the core independent variable
and b3 is the coefficient that measures impacts of HSR services on the reduction of business
costs. Control jit represents all control variables with the number of j. Table 1 shows definitions
of all variables in Equation (1).

It is important to note that, regarding the year of starting the operation of HSR services,
some HSR lines started the service in the second half of the year. For example, the HSR line
between Guangzhou and Wuhan began to operate on 26th December 2009. According to
Nash (2015) and Chen (2019), impacts of HSR services on the business operations of local
firms and regional economic growth will have lagged due to the process of transforming
improved efficiency of public transportation into economic impacts. Thus, in following empiri-
cal analysis, for all cities that had HSR services during the second half of the year (e.g., Decem-
ber 2009) the year of starting HSR operation will have lagged by one year (e.g., 2010).

The control variable set originates from previous macro-level models of analysing corre-
lations between public transportation and business costs (Litman, 2017), which includes the
GDP per capita of a city (to measure economic growth), the proportion of the secondary indus-
try in the regional economy of a city (to measure the level of industrialisation), the proportion of

Table 1. Variable definitions of PSM-DID analysis.

Variable Definition Data sources
FXCit Fixed costs of each firm China Industrial Business

Database
VBCit Variables costs of each firm
BSCit Total business costs of each firm
Cit HSR dummy (city) China Railway Yearbook
Yit HSR dummy (year)4

GDPit GDP per capita of the city where the firm is located China Statistical Yearbook5

INDit The proportion of the secondary industry of the city China City Statistical
Yearbook6

FDIit The proportion of output created by FDI in the total output of
the city

INTit The Internet penetration rate of the city
PRit Population density
Controlit All control variables
Oit Ownership dummy
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output created by FDI in the aggregate output of the city (to measure investment contribution),
the Internet penetration rate of the city (to measure the level of digital technology) and the ratio
of population to the total area of the city (the population density). All of these variables will have
impacts on decisions regarding the location of business operation for firms.

4. DATA

There is a two-step data identification for this study. First, to conduct the DID analysis on
impacts of HSR services on business costs of firms in Beijing and Shanghai, the firm-level
panel data of business costs for firms in both cities is utilised. Second, to measure how HSR
lines affect business costs of firms in different cities with HSR services, the firm-level panel
data of firms in all prefecture-level cities in China is adopted. Regarding the dependent variable,
the firm-level panel data of business costs comes from the China Industrial Business Database,
which has been completed yearly by Peking University since 1998 and includes almost all
business-related survey data of variables for each firm in China’s prefecture-level cities. Consid-
ering the adequacy of the sample data, the author selected the sample period to be from 2004 to
2012 with two critical time points, namely 2008 when Beijing started to have HSR services and
2010 when Shanghai connected the HSR network.

Data of control variables for the Beijing-Shanghai DID analysis is from the China Industrial
Business Database, China Statistical Yearbook (2004–2012)2 and China City Statistical Year-
book (2004–2012).3 Data of control variables for the PSM-DID analysis comes from the same
databases but during the period from 2012 to 2020. To further reduce statistical bias, data of
firms in several cities such as Chaohu City and Sansha City is deleted due to changes in admin-
istrative areas of these cities during this period. Note that firms selected for this study are all A-
share listed firms in China due to the availability of data. The final sample contains 4588 firms
with 36,704 firm-year observations for the section of analysing firms in all prefecture-level cities
in China and 768 firms with 6144 firm-year observations for the section of analysing firms in
Beijing and Shanghai.

5. EMPIRICAL RESULTS

5.1. DID analysis on firms in Shanghai and Beijing

See the Appendix in the supplemental data online.

5.2. PSM-DID analysis on firms in all prefecture-level cities in China
Beijing and Shanghai are two economic centres in China with higher densities of firms and bet-
ter-than-average business environments compared to other cities, which might lead to lower
business costs than average and bring sample selection bias to this study. To eliminate such
bias, the PSM-DID analysis is performed on the data of business costs of all A-shared listed
firms in all prefecture-level cities of China.

The PSM requires a balance test on the samples of the control group and the intervention
group to detect and eliminate sample selection bias (Zang et al., 2020). The ideal statistical fea-
tures after the balance test include the reduction of the difference between two groups, the
absolute value of the deviation of the sample data on each covariate not exceeding 20 and the
p-value with regard to the t-statistic higher than 0.05. Table 2 shows the result of the balance
test, and it is apparent that all requirements are met in accordance with ideal statistical features,
which indicates that there is no significant sample selection bias after the test. The histogram of
propensity scores is shown in Figure 1, which indicates that the distribution of propensity scores
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of control variables in the treatment group approximates an ideal normal distribution in a sym-
metrical form. The horizontal axis represents propensity scores and the vertical axis represents
the nuclear density which shows the probability density on different levels of propensity scores.

Table 2. Balance test results of PSM.

Pre-matching Post-matching
GDP 4.21*** −0.36
Industry 0.17 −0.97
FDI 5.67*** 0.27
Internet 4.98*** −0.44
Pop 10.27*** −0.21
Pseudo R2 0.110 0.002
Mean-bias 32.6 3.6
Med-bias 31.7 2.7

Notes: The values outside the parentheses represent t-statistics and values in the parentheses represent p-
values corresponding to t-statistics. */**/*** indicates the difference in means between the two groups is
statistically significant at the 0.1/0.05/0.01 level.

Table 3. Impacts of HSR on fixed and variable costs.

Dependent variable: Business costs fixed (columns 1–3) and variable costs (columns 4–6)
for each firm

Fixed costs Variable costs

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

−0.044**
(1.268)

−0.025**
(1.239)

−0.026***
(0.383)

−0.136**
(−2.334)

−0.128***
(−0.537)

−0.163***
(−2.893)

GDP −0.046
(−0.293)

−0.032
(−0.213)

−0.033
(−0.577)

−0.011
(−1.192)

−0.025***
(0.653)

−0.038***
(5.040)

Industry 0.032
(1.002)

−0.004
(2.456)

0.003
(1.489)

−0.001
(0.023)

−0.002
(1.989)

−0.003
(−0.053)

FDI −0.034
(4.032)

−0.045***
(−4.045)

−0.048***
(2.127)

−0.037
(1.074)

−0.088***
(1.565)

−0.057***
(0.311)

Internet 0.007
(3.208)

0.013
(3.721)

0.009
(3.265)

−0.002
(−0.991)

−0.006
(−1.293)

−0.004
(−0.932)

Population −0.036
(−0.077)

−0.046**
(−1.219)

−0.099***
(2.221)

−0.005
(2.345)

−1.295**
(−3.883)

−1.911***
(0.012)

Ownership 0.003**
(0.079)

0.998***
(2.344)

0.233***
(−0.679)

0.007
(4.327)

0.009
(2.431)

0.183**
(0.008)

Constant 0.171*** 0.178*** 0.177*** 0.177*** 0.173*** 0.174***
(0.990) (−0.203) (0.566) (2.242) (0.404) (0.558)

R2 .833 .776 .993 .835 .977 .997
Observations 5,520 12,816 18,368 5,520 12,816 18,368
Industry
controls

Yes Yes Yes Yes Yes Yes

Region FE Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes

Notes: The table represents results from difference-in-difference analysis estimated by OLS. The t-statistics
clustered by firms are reported in parentheses. */**/*** indicates the difference in means between the two
groups is statistically significant at the 0.1/0.05/0.01 level. Columns 1, 2 and 3 represent primary, second-
ary, and tertiary industries, so are columns 4, 5 and 6, respectively. The first three columns show impacts of
HSR on fixed costs and the final three columns show impacts of HSR on variable costs.
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Table 4. Test of spatial heterogeneity.

Dependent Variable: Business costs (fixed and variable costs) for each firm

Eastern China Central and western China

Fixed costs Variable costs Fixed costs Variable costs

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
HSR (C× Y) −0.027**

(1.256)
−0.046***
(2.532)

−0.044***
(1.285)

−0.086***
(−1.723)

−0.143***
(3.426)

−0.168***
(1.008)

−0.008
(2.003)

−0.047
(1.009)

−0.078**
(−0.957)

−0.089
(3.259)

−0.057**
(1.676)

−0.126***
(2.229)

Constant 0.098*** 0.096*** 0.097*** 0.087*** 0.093*** 0.096*** 0.038 0.065 0.083 0.036 0.067 0.088
(1.235) (−0.998) (0.034) (1.113) (2.987) (−1.145) (1.331) (0.558) (1.295) (−1.213) (0.783) (1.019)

R2 .736 .853 .777 .935 .965 .878 .632 .867 .968 .732 .968 .969
Observations 3,537 7,203 11,352 3,537 7,203 11,352 1,983 5,613 7,016 1,983 5,613 7,016
Industry
controls

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Region FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Notes: The table represents results from difference-in-difference analysis estimated by OLS. The t-statistics clustered by firms are reported in parentheses. */**/*** indi-
cates the difference in means between the two groups is statistically significant at the 0.1/0.05/0.01 level.
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The probability and density of the post-matching propensity scores of the treatment and control
groups are close, so the control variables used in this study are appropriate. Thus, the PSM
matching improves the comparability of the impacts of the HSR on business costs for firms
in cities with and without HSR lines.

The results of DID regression based on the PSM are shown in Table 3. Both fixed and vari-
able costs for firms in all sectors are estimated to be reduced due to HSR services since the coef-
ficients of HSR (cross-sectional dummy) are all significantly negative. This finding is slightly
different from several studies on the impacts of HSR services on the business developments
of firms in China by showing that HSR lines could contribute to the reduction of business
costs regardless of industries or sectors. For firms in the secondary and tertiary sectors, impacts
of the HSR on the reduction of business costs are inclined to be significantly negative, while
such impacts are not significant for firms in the agricultural sector (Guo et al., 2021; Salzberg
et al., 2013). By providing the estimation of such impacts on categorised business costs based on
extremely large datasets, this study could hopefully provide additional insights into this issue.

According to data from the China Statistical Yearbook (2012–2020), gaps in the GDP per
capita across eastern, central, and western China are significantly large. To further test whether
the heterogeneity of spatial economic growth in China contributes to varied impacts of the HSR
on the reduction of business costs, the same regression process is repeated three times and Table
4 shows the regression results that exclude coefficients of all control variables to focus more on
impacts of the HSR. Note that data from central and western China are combined due to too
few HSR lines during the sampling period. Columns (1), (2), and (3) summarise the results for
firms in the agricultural, secondary and tertiary sectors, respectively, with regard to fixed costs in
eastern China. Columns (4), (5) and (6) summarise the results for all sectors with regard to vari-
able costs in eastern China. Columns (7), (8) and (9) show the results for all sectors with regard
to fixed costs in central and western China and the remaining three columns show the results for
all sectors with regard to variable costs in central and western China.

It is interesting to note the positive impacts of HSR services on the reduction of both fixed
and variable costs are significantly imposed on firms in all sectors in eastern China while such
impacts are not significant for firms in central and western China. For example, firms in the
agricultural sector received no benefits of fixed and variable cost reductions from the HSR in
central and western China, and manufacturing firms in this region also did not witness any sig-
nificant impacts of HSR services on the reduction of fixed costs. Several reasons can explain this
finding. First, the relatively lower level of economic growth in central and western China
becomes a push factor for firms and the HSR might exacerbate this problem (Fleisher et al.,
2010). Second, during the sampling period from 2012 to 2020, the total number of HSR
lines in central and western China is still much smaller than that in eastern China, although
waves of HSR construction started during this period. The impacts of HSR services on business
costs might not be reflected in this study due to the lagging economic impacts of the infrastruc-
ture. Third, it is also important to note that the substitution effect of HSR services might be
mild in western China since the distances between economic centres in western and eastern
China can be so long that flights might be superior to the HSR for business purposes.

6. ROBUSTNESS TEST

See the Appendix in the supplemental data online.

7. CONCLUSIONS

By 2021, the total operating high-speed rail network reached 40,000 kilometres in China, mak-
ing this extraordinary network over three times larger than the HSR system in the EU (Sun
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et al., 2022). This study could give initial inspiration about how the HSR system will have influ-
ences on business operations for firms in China with a concentration on business costs, an
important aspect in the field of corporate management. To the best of the author’s knowledge,
this study is the first firm-level DID-based research on such impacts given the background of
rapid development of the HSR network in China in the past decade.

This study has three main findings corresponding to three hypotheses. First, HSR services
have significant positive effects on the reduction of business costs for most firms in China if they
are located in cities with HSR lines. Second, such impacts have spatial patterns based on
regional heterogeneity, indicating that business costs for firms in a more developed region
might be reduced more than those in a less developed region even though both regions have
HSR lines. Third, such impacts also vary across firms with different features, namely the own-
ership and the industry. For example, firms in manufacturing and service sectors are likely to
benefit more from business cost reductions from HSR services than agricultural firms.

Several policy implications can be drawn from these findings. First, due to the insignificant
impacts of theHSR on the reduction in business costs in central and western China, where econ-
omic growth is significantly lower than the more developed eastern part of the country, these two
parts, alongwith other remote and undeveloped regions, ought tomore effectively receive positive
stimulation from the reduction in business costs driven by the HSR in the future. Reasons for
insignificant impacts of HSR services on business costs for firms in these regions revealed in
this study might be the lack of agglomeration of firms and the lagged effects on business oper-
ations. Further analysis on such impacts for firms in central and western China is required and
might demonstrate significant impacts in the future. Results of the PSM-DID analysis in this
study also, interestingly, reveal that more FDI is significantly correlated with lower business
costs, indicating that a transparent and business-oriented local administration could boost the
impacts of theHSR on the reduction of business costs. For local governments in central and wes-
tern China, the openness and transparency of local administrations are still extremely absent.
China is currently conducting political reforms of transforming dictatorship-oriented govern-
ments to service-oriented governments for healthier business developments in remote provinces,
which might stimulate the business cost reductions due to the HSR in undeveloped areas.

Second, the central government as the decision maker of HSR lines in China needs to focus
more on the input-output ratio of new HSR lines, given that local and national debts in China
have reached greater limits since 2022. Empirical results also indicate that several prefecture-
level cities, such as Kunming and Guiyang, barely benefited from the HSR with regard to
the reduction of business costs while these cities were recently reported to experience a debt
default in the near future. The HSR construction relies on partial funds from local governments,
which becomes an alert for the central government.

Third, the mechanism of having impacts of HSR services on business costs requires that bar-
riers to the improvement of corporate management and business operation should be removed.
The HSR network accelerates the flow of business factors such as capital and labour so that local
firms can benefit from the improvement of these factors. However, it will be impossible for firms
to benefit from such improvements if the city where firms are located has too many obstacles,
such as high administrative costs, lack of business transparency and market disorders, or if firms
suffer from low business operation efficiency and depressed innovations due to the ownership
(Liang et al., 2022; Murakami & Cervero, 2017). This study reveals that the reduction in
business costs in state-owned enterprises seem to be less significantly boosted by the HSR
than privately-owned firms, which echoes numerous studies claiming low efficiency of state-
owned firms in China (Lin et al., 2020; Stone et al., 2022). For the time being, the best strategy
for firms is to locate their sites in regions not only with convenient public transport (such as the
HSR) but also with acceptable business environments, such as investment-friendly administra-
tive policies.
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Finally, this study can motivate further research in the following aspects. The negative cor-
relations between FDI and business costs require detailed analysis, such as the examination of
whether the HSR accelerates the original impacts of more FDI on lower business costs or the
overall business environment attracts both more FDI and lower business costs despite the HSR
even though FDI is considered as a control variable in this study. Meanwhile, the regional het-
erogeneity of impacts of the HSR on the reduction of business costs that is found in this study
needs to be further specified. For example, it is worthwhile to note that western China has much
more complicated landscapes, which technically makes it more difficult to construct HSR lines
than in central and eastern China. Last, but not least, the assumption at the very beginning of
this paper, which is the top-down HSR decision-making process, might be more thoroughly
discussed since several local administrators might have closer relationships with members of
the standing committee of CPC, which increases the possibility of HSR construction in regions
where these administrators govern. It is an extraordinarily complex issue that involves political
competition and conflicts among local governments in China, which requires more effort on the
perspectives of Chinese politics.
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NOTES

1 A-shares are shares of companies based in mainland China that are listed on either the
Shanghai or Shenzhen stock exchanges (see the official website of China Securities Regulatory
Commission: http://www.csrc.gov.cn/).
2 See the official website of National Bureau of Statistics of China: http://www.stats.gov.cn/sj/
ndsj/ (Chinese version).
3 See the official website of China City Statistical Yearbooks: http://www.shujuku.org/china-
city-statistical-yearbook.html (Chinese version).
4 It is important to note some difficulties in respect of the year of HSR starting operations.
Some HSR lines started services in the second half of a calendar year. For example, the HSR
line between Guangzhou and Wuhan began to operate on 26th December 2009. According
to Nash (2015) and Chen (2019) the impacts of HSR services on business operations of local
firms and regional economic growth will need a lag structure due to the process of transforming
improved efficiency of public transportation into economic impacts. Then in the following
empirical analysis, for all cities that had HSR services during the second half of the year
(e.g., December 2009) the year of starting HSR operation lagged by one year.
5 http://www.stats.gov.cn/sj/ndsj/(Chinese version).
6 http://www.shujuku.org/china-city-statistical-yearbook.html (Chinese version).
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