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Abstract: This research aims to investigate how China's high-speed rail system affects
Chinese cities' appeal to foreign direct investment. This study uses the multi-time point
difference to difference model to investigate the consequences in relation to foreign direct
investment in high-speed rail in Chinese cities using panel data from 300 prefecture-level
cities in China between 2008 and 2021.The findings indicate that the appeal of foreign direct
investment is significantly impacted by the introduction of China's high-speed rail. Placebo
test and delayed single-stage regression are also used in this paper, which proved that result
is robust. In a further heterogeneity test, Chinese cities are classified according to center-
periphery, high-speed railroads and city type. The findings indicate that the FDI influx into
nearby cities, non-main line cities, and agricultural cities is significantly impacted by high-
speed rail’s opening. There is no significant effect on FDI inflow in central cities and Cities
with high-speed rail main lines The influence of FDI inflow on the service cities is negative.
Construction of high-speed rail should be prioritized by the government in the nation's
agricultural and comparatively underdeveloped cities, and encourage the building of high-
speed rail that is not main line.

Keywords: High-speed rail, Center-periphery, Foreign direct investment inflow, Chinese
cities.

1. Introduction

With the implementation of China's economic reform and opening up policy, foreign direct
investment has grown rapidly. However, rising labor costs, supply chain restructuring and global
economic uncertainty have slowed the growth of FDI in recent years. As a critical transport
infrastructure, the development of China's high-speed rail network has significantly improved
regional connectivity, boosted economic growth, and it has the potential to increase foreign direct
investment inflows. Between 2009 and 2022, The number of passengers using China's high-speed
train has increased significantly, becoming people's preferred mode of travel. High-speed rail has
played an important role in such areas as industrial agglomeration and population mobility. On the
basis of previous studies, further examines the impact of high-speed rail on FDI and its economic
effect. Provide valuable insights to other countries seeking to attract foreign investment.

© 2024 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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2. Literature Review

Wang Y. believes high-speed rail’s opening can improve inter-regional accessibility, shorten the
space and time distance, eliminate inter-regional communication, and promote economic growth. [1]
However, Fageda, X. believes that overall high-speed rail’s opening impact is little, mainly affected
by the network layout, construction costs or environmental costs. In addition, the opening of the high-
speed rail may enhance the siphon effect, which will hurt the economic growth of the surrounding
areas. [2] Moreover, most literature studies mainly focus on analyzing the relationship between
economic development or transportation infrastructure and FDI. Infrastructure is attractive to FDI,
especially in the field of transportation. Koyuncu, C. finds countries with higher transportation
infrastructure tend to have higher FDI levels. [3] Hong, J. states infrastructure related to land
transportation has the most influence on economic development in China, followed by water
transportation, whilst air transportation has a lesser influence. [4] There is still a gap in the literature
on the relationship between the opening of high-speed rail and FDI inflow.

3.  Mechanism Analysis of the Effects of High-Speed Rail on FDI Inflow
3.1. The theoretical mechanism of the opening of high-speed railway affecting FDI inflow

The quality of urban infrastructure for transportation has a direct impact on FDI, because FDI is more
sensitive to talent, market and other factors. The opening of high-speed rail mainly affects FDI inflow
from three aspects: talent flow, market size and industrial agglomeration. Zhang, Dong and Yao found
that high-speed rail can improve transport connectivity, reduce travel time and costs, and facilitate
cross-regional mobility and concentration of businesses and people. [5] Li et al. discovered high-
speed opening Railway shortens the reachable time between cities, weakens the spatial barriers
between cities, makes the circulation of elements and commodities more freely, and expands the
market of radiation scope, which makes the potential market scale expand. [6] Eckert et al. finds the
expansion of scale effect can reduce the cost of products, and the increase in sales quantity and the
decrease in product cost enable enterprises to obtain higher profits and attract enterprises to enter,
thus forming enterprise agglomeration. 7]
H1: High-speed rail’s opening will attract FDI inflows in Chinese cities.

3.2. The impact of high-speed rail openings on FDI inflow from the center to the periphery

The network of high-speed rail in China, provincial cities, sub-provincial cities and municipalities
usually serve as central cities, which are able to more effectively radiate peripheral cities due to their
concentrated resources and convenient transportation. [8] According to Friedman’s center-periphery
theory, the rapid development of central cities will drive the development of peripheral cities and
eventually form economic integration. [9] However, this "driving" effect is not absolute, and may
present a positive or negative effect. As the center of a region, the central city has highly developed
transportation network and economic resources. The high-speed rail's opening breaks the space-time
barrier, making talent, capital and other factors converge to the central city, forming the "siphon
effect" of the central city on the resources of the peripheral cities, which will enhance the location
advantage of the central city and enhance its attraction to FDI.

For peripheral cities, whether the FDI level can benefit depends on the "polarization effect" and
"diffusion effect" of the urban circle connected by high-speed rail. On the one hand, Li finds affected
by the "siphon effect”, the opening of high-speed rail accelerates the accumulation of resource
elements to the central city, it also quickens the movement of talent and resources from outlying cities
to the city center.[10] On the other hand, Lu finds the rail will reduce the distance between center
cities and their periphery, thus the center cities' resources will spread more quickly to the neighboring
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cities, making it easier for the periphery cities to access their industrial and commercial resources.
[11]

H2: High-speed railway’s opening has different impact on FDI inflow in central cities and
peripheral cities.

3.3. Marginal effect of the opening of high-speed rail

The law of diminishing marginal effect is proposed in the Principles of Economics, that is, with the
continuous increase of production factors, the increment of output brought by each additional unit of
production factors will gradually decrease. [12] Combined with the marginal effect theory, the impact
of the opening of high-speed rail on FDI inflow can be explained from the following three
perspectives. First, infrastructure is subject to marginal effects. When studying the impact of high-
speed rail on China's urban economy, which is discovered that high-speed rail has a greater impact
on economic growth in smaller cities. Second, the marginal effect of economic benefits. For already
highly developed central cities, economic growth from additional transportation improvements may
face diminishing returns. For peripheral cities, the economic opportunities brought about by high-
speed rail connections may yield greater marginal benefits. Research by Lin shows that high-speed
rail promotes urban specialization by reducing the cost of intercity transportation. [13] Finally, the
marginal effect of FDI attraction: the central city may already be the hot spot of FDI, and it is difficult
to further improve the marginal effect of FDI. The FDI attractiveness of peripheral cities with high-
speed rail connections is likely to rise rapidly from a low level.

H3: The impact of the opening of high-speed rail on FDI inflow is significantly heterogeneous
among cities with different administrative levels, high-speed rail lines and types.

4. Methodology

This paper selects high-speed rail data from 300 prefecture-level cities in China from 2008 to 2021,
and uses a multi-time point difference model to test 3 hypotheses.

4.1. Model setting

The difference model is an econometric method widely used in policy evaluation and causal reasoning.
The multi-time-point differential model is more powerful and flexible in studying policy effects than
the standard DID model, and can provide a deeper and more comprehensive analysis. This paper
constructs multi-time DID model. The multi-time points in the multi-time DID model used in this
paper are mainly reflected in the setting of the processing variable HSR. This variable allows different
cities to open high-speed trains at different points in time. It can comprehensively consider the effect
of high-speed rail openings on foreign direct investment inflow at various time points. The benchmark
model refers to Li. F* model [14] settings follow:

FDIy = By + BiHSR; + BoGDPy + BsFINy + B,HCyy + BsSINNO;e + BylSie + BWAGE + py + 6, + & (1)

where the city and year are denoted by the subscripts 1 and t, respectively; FDI is the actual amount
of foreign capital utilized by prefecture-level cities to measure the level of FDI inflow; HSR is dummy
variable, if high-speed rail has been installed in a city and the year of installation is time for the first
high-speed rail, and each year after that is equal to 1, otherwise equal to 0; Control variables include:
GDP (gross domestic product), Chakrabarti finds that market size (usually measured by GDP) is one
of the most robust determinants of FDI; [15] FIN (balance of deposits and loans of financial
institutions as a proportion of GDP), Alfaro shows that developed financial markets can significantly
enhance the promoting effect of FDI on economic growth; [16] HC (amount of university attendees
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per 10,000 individuals), Noorbakhsh finds that human capital is an important determinant of FDI
attraction in developing countries; [17] INNO (quantity of applications for patents), Cheng finds that
regional innovation capability has a significant impact on research and development investment of
multinational corporations.;[18] IS (GDP percentage of secondary industry production value),
Wheeler shows that good infrastructure had a significant positive impact on FDI in the manufacturing
industry in the United States. [19] And Coughlin studies the factors that attract foreign direct
investment in American states and The secondary industry to GDP ratio serves as a gauge for the
industrial structure.[20] WAGE (Average wages of city workers); [, is the constant term; y; is the
urban fixed effect; 8, is the year fixed effect; and ¢;; is the random error term.

4.2. Sample and Data Selection

The sample data in this paper are the relevant data of 300 prefecture-level cities in China from 2008
to 2021. In addition to the open data of high-speed rail, the FDI data and macroeconomic data used
in this paper are all from CNRDS and EPS data platforms.

5.  Empirical Results and Analyses

Before using the multi-time point difference model, the feasibility of the model is tested by parallel
trend, and the results show that the model is feasible. Then the step-up regression method is used for
regression.

5.1. Test of Parallel Trend

Parallel trend hypothesis is a key premise of DID model analysis. This hypothesis requires that the
trends of the treatment group and the control group should be parallel before treatment, that is, in the
absence of treatment, the two groups' dependent variables exhibit the same temporal trend. If the
parallel trend hypothesis is true, then we can assume that control group and the treatment group
continue to maintain this parallel trend in the absence of treatment, and therefore the difference after
treatment can be attributed to the treatment itself. The following model is introduced:

FDIy = ay+ X7 HSRi' +¥]_ HSRl, + a; X Xy + p; + 0, + & )

Where HSR;' and HSR!, are the variable of high-speed rail, and the superscript represents its
advance term and lag term. X;; are all control variables; y;is the urban fixed effect; 6, stands for
time fixed effect; &;; is the random error term.
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Figure 1: Parallel trend hypothesis test.
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The vertical axis represents the dynamic effect of the policy, and the horizontal axis represents the
time point of the event, where the year 0 denotes the high-speed rail's opening, the year prior to its
opening is represented by a negative number, and the year following its opening is represented by a
positive number. Each point in the graph represents an estimate of the policy effect at that point in
time. It is evident that the mean value of the opening advance terms of high-speed rail is not
significantly different from 0, demonstrating that there was no discernible change in the time trend
between the control group and the control group prior to the opening of the high-speed rail, which
means that the parallel trend hypothesis is satisfied between the cities opened by high-speed rail and
the cities not opened by high-speed rail, and the multi-time-point differential model is effective.

5.2. Benchmark Model

The step-by-step regression method is adopted in this paper to avoid multi-collinearity caused by
introducing multiple control variables to the maximum extent. Table 1 shows the results of differential
regression of the impact of high-speed rail on regional FDI inflow effect. Column (1) shows the
regression results without adding control variables. It is evident that the estimated coefficient
describing impact of high-speed rail opening on FDI is notably favorable, which indicates high-speed
rail’s opening can significantly promote the station cities to attract FDI flows. After control variables
are progressively introduced to columns (2) - (5), the coefficient value of HSR tends to decrease with
the increase of the number of explanatory variables, but the coefficient value is always significantly
positive.

Table 1: Benchmark Model Regression Result.

(1) (2) 3) (4) (5)
VARIABLES FDI FDI FDI FDI FDI
HSR 0.976%** 0.229%*%* 0.188*** 0.189%** 0.182%**
(17.82) (5.00) (4.17) (4.17) (4.01)
GDP 1.368%** 1.191%** 1.158%** 1.108%**
(48.98) (37.31) (34.61) (27.46)
FIN 0.050%** -0.041* -0.044** -0.053**
(2.73) (-1.88) (-1.99) (-2.37)
HC 0.001*** 0.001*** 0.001***
(10.72) (9.45) (9.21)
IS 0.007%** 0.005** 0.005**
(3.10) (2.26) (2.19)
WAGE 1.065%** 1.071%**
(3.28) (3.30)
INNO 0.108**
(2.24)
Constant 13.43%*** -11.957%** -8.886%*** -13.172%** -12.727%**
(35.55) (-20.78) (-14.04) (-9.08) (-8.70)
Urban FE YES YES YES YES YES
Year FE YES YES YES YES YES
Observations 3,742 3,742 3,742 3,742 3,742
R-squared 0.527 0.720 0.728 0.729 0.729

t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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5.3. Robustness Test
5.3.1.Placebo Test

Placebo test is a method used to verify the robustness of study results and to rule out confounding
factors. In this paper, 500 randomized replacement placebo tests were conducted, and the results are
shown in the figure. The regression coefficient of high-speed railway is close to the normal
distribution with 0 as the center, and the highest point of P-value is close to 0 rather than the
coefficient of benchmark regression, which indicates the regression result of this paper is robust.

3
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Figure 2: Parallel trend hypothesis test.

5.3.2.Lag one-phase Regression

In order to further verify the robustness of the results of this study and solve the potential endogeneity
problem, this paper adopts a delayed one-stage regression analysis. The principle of this method is to
use the lag value of the explanatory variable to predict the dependent variable, helping to alleviate
the problem of simultaneous correlation and reverse causation. From the regression results, the lag
one phase regression results are highly consistent with our benchmark model, which not only
enhances the credibility of our results, but also indicates that the impact of key variables such as high-
speed rail on FDI is sustained and stable.

6. Heterogeneity Analysis

This study groups Chinese cities based on city type, route type, and center periphery in order to
investigate the diverse effects of high-speed rail on FDI attraction of cities.

6.1. Center-peripheral city heterogeneity

In order to test hypothesis 2, the sample cities in this paper are separated into central and periphery
cities. The central city refers to the provincial capital city, the deputy provincial capital city and the
municipality. Other than that, it's a peripheral city. High-speed rail’s opening has no discernible effect
on FDI inflow into core cities. For peripheral cities, high-speed rail’s opening brings more FDI
inflows, which is consistent with the hypothesis 2. It shows that although the central cities, as the
economic and political centers of a region, have more re-sources and policy support than the
peripheral cities, under the effect of diffusion and marginal effect, the high-speed rail in the central
cities has no obvious influence on the attraction of FDI. Central cities already have relatively perfect
transportation network and infrastructure, and have become hot cities of FDI inflow, they may face
marginal diminishing effect. While the peripheral cities are relatively poor in transportation
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infrastructure and resources, high-speed rail's opening can help them increase availability of resources,

promote agglomeration of industries also, thus enhance the appeal of FDI from a very low level.

Table 2: Central-peripheral City and Not Main line-main line City Regression Result.

W . N (3') li Mai 1('4) HSR
. . . ot main line ain line
VARIABLES Cenggllmy Perlpg‘;’;‘l city HSR city city
FDI FDI
HSR -0.119 0.188*** 0.313%** 0.081
(-1.08) (3.98) (4.34) (1.33)
GDP 1.281%** 1.061%** 1.025%** 1.049%**
(5.23) (23.23) (16.47) (20.72)
FIN 0.042 -0.056* -0.132%%* 0.001
(0.87) (-1.87) (-3.87) (0.02)
HC -0.000* 0.002%*** 0.001*** 0.007] ***
(-1.70) (8.92) (5.70) (5.88)
IS -0.009 0.006*** -0.001 0.023%**
(-0.85) (2.71) (-0.35) (7.23)
WAGE 9.5]13%** 0.320 0.721 2.184***
(7.33) (0.92) (1.37) (5.77)
INNO 0.172 0.013 -0.125%* (0.343%**
(0.93) (0.25) (-1.87) (5.04)
Constant -55.364%** -10.956%** -11.268%** -18.847***
(-8.37) (-7.26) (-5.15) (-11.20)
Urban FE YES YES YES YES
Year FE YES YES YES YES
Observations 490 3546 2244 1192
R-squared 0.884 0.693 0.630 0.792

t-statistics in parentheses
*** p<0.01, ** p<0.05, * p<0.1

6.2. City of high-speed line heterogeneity

China's high-speed rail "four horizontal and four vertical" is the core layout of China's medium and
long-term railway network planning, and is the pillar of China's high-speed rail. Four "vertical" trunk
lines form a north-south high-speed transport corridor; Four "horizontal" trunk lines connect
important cities and regions in the east, central and west to promote regional economic integration.
This paper divides Chinese cities into "four horizontal and four vertical" transport network cities and
non-" four horizontal and four vertical "transport network cities, and carries out grouping regression.
The regression findings demonstrate that the opening of HSR significantly increases the FDI influx
into non-HSR mainline cities, as indicated in Table 2, and the FDI influx into non-HSR mainline
cities is significantly boosted by the advent of HSR, because these cities were originally in a relatively
marginal traffic position and relatively weak infrastructure. The opening of high-speed rail has greatly
improved transport connectivity in these cities, making it easier for foreign companies to enter and
operate, so FDI inflows have increased significantly. However, in the mainline high-speed rail cities,
the opening of high-speed rail has no significant impact on FDI inflow.
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6.3. City type heterogeneity

In order to explore the heterogeneity of FDI attraction of different city types, this paper divides 300
prefecture-level cities in China into agricultural cities, industrial cities and service cities. The
classification criteria refer to the city classification management document issued by the Chinese
government, which classifies cities with primary industry accounting for more than 30% of GDP as
agricultural cities, classifies cities with secondary industry accounting for more than 50% of GDP as
industrial cities, and classifies cities with tertiary industry accounting for more than 60% of GDP as
service cities. It can be seen from the regression results in table 3 that in agricultural cities, the opening
of high-speed rail can significantly promote the FDI inflow of agricultural cities, which may be due
to the relatively backward infrastructure of agricultural cities, and the opening of high-speed rail has
improved the transport accessibility of these cities and attracted more foreign investment. In industrial
cities, the opening of high-speed rail has a significant but relatively small impact on FDI, indicating
that the opening of high-speed rail has a certain promoting effect on FDI in industrial cities, but the
impact is relatively limited. Among service cities, the opening of high-speed rail has a significant
negative correlation with the impact of FDI, indicating that the opening of high-speed rail may inhibit
the FDI inflow of service cities, the reason is that high-speed rail enhances the connectivity of service
cities with nearby low-cost cities, so investors may prefer to choose cities with convenient
transportation but lower costs. In addition, the high value-added service industry is more sensitive to
costs, and investors may choose cities with lower costs to diversify their business, further reducing
the FDI inflow of service cities.

Table 3: Regression Results of City Type.

) 2 3)
VARIABLES Agricultural city Industrial city Service city
FDI FDI FDI
HSR 0.144%* 0.168% -0.324%*
(2.43) (1.91) (-2.10)
GDP 1.011%** 1.155%** 1.051%**
(16.93) (13.58) (7.94)
FIN -0.048 -0.016 -0.1271%%*
(-1.41) (-0.23) (-2.93)
HC 0.002%** 0.000 0.000**
(6.87) (0.90) (2.19)
IS 0.010%** -0.017%%* 0.033%**
(3.18) (-2.35) (3.30)
WAGE 0.411 0.260 5.434%%*
(0.89) (0.35) (5.85)
INNO -0.064 0.201%* 0.272
(-1.03) (1.85) (1.35)
Constant -10.594%** -10.682%** -33.551%**
(-5.20) (-3.59) (-8.38)
Urban FE YES YES YES
Year FE YES YES YES
Observations 2,313 893 446
R-squared 0.671 0.730 0.865

t-statistics in parentheses
**% p<0.01, ** p<0.05, * p<0.1
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7.  Conclusions and Policy Implications

In this paper, the multi-time point difference model is used to study the impact of high-speed rail on
FDI attraction. The results show that FDI inflow increases significantly after the opening of HSR,
and the impact of HSR opening on the development of different cities is heterogeneous. In peripheral
cities, non-mainline high-speed rail cities and agricultural cities, the opening of high-speed rail has a
significant positive impact on FDI inflow, while under the influence of diffusion effect and marginal
effect, there is no significant impact on FDI inflow in central cities and mainline high-speed rail cities.
The conclusions of this study can provide some recommendations for the Chinese government and
other developing countries. First, priority should be given to the layout of high-speed rail in relatively
underdeveloped surrounding cities and agricultural cities to improve regional transportation
convenience and reduce logistics costs. Second, government should promote the construction of non-
trunk high-speed railways and realize convenient high-speed rail connections between cities at
different levels. Third, adapt to local conditions and promote high-speed rail to drive industrial
development. At the same time, with the help of high-speed rail channel effect to attract more talent
inflow, in order to promote the transformation of surrounding cities and industrial upgrading.
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