:' frontiers ‘ Frontiers in Environmental Science

ORIGINAL RESEARCH
published: 28 June 2022
doi: 10.3389/fenvs.2022.920323

OPEN ACCESS

Edited by:

Ehsan Elahi,

Shandong University of Technology,
China

Reviewed by:

Muhammad llyas,

Nanjing University of Information
Science and Technology, China
Xinru Han,

Institute of Agricultural Economics and
Development (CAAS), China
Muhammad Zulfiqar,

Dongbei University of Finance and
Economics, China

*Correspondence:
Hongguang Sui
hongguang.sui@sdu.edu.cn

Specialty section:

This article was submitted to
Environmental Economics and
Management,

a section of the journal

Frontiers in Environmental Science

Received: 14 April 2022
Accepted: 28 April 2022
Published: 28 June 2022

Citation:

Sui H, Wang Z, Liu J and Zhao W
(2022) The Impact of International
Transportation Interconnection on the
Quality of Urban Economic Growth.
Front. Environ. Sci. 10:920323.

doi: 10.3389/fenvs.2022.920323

Check for
updates

The Impact of International
Transportation Interconnection on the
Quality of Urban Economic Growth

Hongguang Sui*, Zixuan Wang', Jiabei Liu’ and Weixing Zhao?

"School of Economics, Shandong University, Jinan, China, °Nanning Sub-branch of Science and Technology, Agricultural Bank of
China, Nanning, China

China—Europe freight train (CEFT) is a link connecting Eurasia and a vital carrier to promote
regional economic cooperation. This article measures the quality of China’s city-level
economic growth using principal component analysis. Our study examines the impact of
the opening of CEFT on the quality of urban economic growth by using the multi-period
difference-in-difference (DID) model and the data of 273 prefecture-level cities in China
from 2003 to 2016. First, the basic results show that the opening of the CEFT significantly
improves the quality of the economic development of node cities, which remains robust
under a series of robustness tests. Second, the heterogeneity test shows that CEFT is
more conducive to improving the quality of economic growth in inland cities and cities with
small freight volumes in central and western China. There is no significant difference in the
impact of road infrastructure construction in different level cities. Third, the mechanism test
shows that the opening of the CEFT has a significant impact on improving the quality of
economic growth, with no positive effect on stability and sustainability. The construction of
the CEFT is still under development. It is necessary to take complete account of the
situation of different cities in scientific planning, improve its driving effect on stability and
sustainability while maintaining efficiency, and then, optimize the economic benefits of the
freight train.

Keywords: China-Europe freight train, economic growth quality, regional integration, difference-in-difference,
principal component analysis

1 INTRODUCTION

Since the outbreak of COVID-19 in 2020, the global economy has been severely impacted and trade
protectionism and unilateralism have resurfaced. The Chinese government has taken a series of
measures to strengthen economic cooperation with neighboring countries and actively promoted
regional economic integration to cope with the complex external situation. Opening China-Europe
freight train (CEFT) is an essential measure of regional integration; it connects the Europe and Asia
economic circle of international trade and provides another important transport besides road, sea,
and air transportation choices. The upgradation of transport infrastructure also improves the
county’s economic development (Cigu et al., 2018). In the case of the Freight train, China initiated a
new bridge to expand the China-Europe economic and trade exchanges and cooperation for the
transfer of marketing and production and provides firm support. It has a radiating and driving effect
on business and industry in the regions along the belt and road, providing a new platform for China
to expand foreign exchanges further and develop opening up to the west. Wang et al. (2020) also
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revealed that transport infrastructure in the belt and road
countries plays an essential role in facilitating economic growth.

The impact of transportation on sustainable development and
economic growth has become a concern for policymakers and
economists. Many previous studies have analyzed the implication
of transport infrastructure on sustainable economic growth
(Pradhan and Bagchi, 2013; Beyzatlar et al., 2014; Pradhan
et al., 2014; Arvin et al,, 2015). Infrastructure is an essential
wheel of the success of a country’s effort to increase its
productivity growth (Esfahani and Ramirez, 2003; Elahi et al,
2021b). It reduces travel time, and passenger and freight transport
gain from cost time and saving (Satya, 2003) attracts foreign
direct investment (Esther and Nancy, 2004), expands trade, and
links together resources and markets in an integrated economy
(Aschauer, 1989). Zhou et al. (2021), in the case of China,
revealed that infrastructure investment improves economic
growth through the physical and material circulation of
resources, market integration, and knowledge capital evolution.
Achour and Belloumi (2016) also suggested that infrastructure
investments generate higher economic growth. Many other
studies also proved the positive repercussions of the
development of large-scale transport infrastructure to stimulate
regional economic growth (e.g., Zhang et al., 2019; Jiao et al,
2020; Yang et al, 2020). In the case of China, transport
infrastructures, exceptionally high-speed railways, are also
found responsible for sustaining the economic expansion of
the Chinese regions in the aftermath of the world financial
crisis (Yao et al,, 2019). Even in developed countries, railways
are considered a dominant factor driving the growth and
development of the country (Fishlow 1965). Atack et al
(2009) suggested that railways accelerated American
Midwestern urbanization during the 1850s.

Thus, there is a strong relationship between transportation
infrastructures and economic growth. However, some studies also
unveiled contradictory findings such as the work of Locatelli et al.
(2017) which showed that large transport infrastructure projects
are often high priced and fail to deliver the promised benefits.
Crescenzi and Rodriguez-Pose (2012), Crescenzi et al. (2016), and
Maparu and Mazumder (2017) also found that transport
infrastructure had ambiguous, insignificant, or even negative
effects on economic growth. To extend the previous literature,
the current study explores the impact of international
transportation interconnection between China and Europe and
its impact on the quality of urban economic growth.

As China’s economic development has entered a new normal
and its economic growth has slowed down, the quality of
economic growth has attracted much attention. On the one
hand, most of the existing literature studies economic growth
from the quantitative level; on the other hand, the impact of
transportation infrastructure construction on economic growth is
also uncertain. However, few works have studied the relationship
between CEFT and the quality of economic growth. Therefore,
our article uses scientific methods to measure the quality of
economic growth and hopes to explore the impact of CEFT
on the quality of China’s economic growth, so as to provide
some theoretical reference for the country to make reasonable
policies to promote the quality of economic growth in the future.

International Transportation and Growth Quality

However, the opening of China-Europe freight train is always a
dynamic process. As the data measured in this article only reaches
2016, further research can be carried out in the future.

2 LITERATURE REVIEW

Unlike previous studies that focused on the agricultural (Elahi
et al., 2019a; Elahi et al., 2019b; Elahi et al., 2020; Elahi et al,,
2022a; Elahi et al., 2022b) and industrial sector (Zhao et al., 2020;
Liu, 2021; Zhao et al., 2021), the current study emphasized on the
transportation sector. As an essential public infrastructure
directly involved in social and economic activities,
transportation facilities are considered to play a vital role in
economic growth. Scholars at home and abroad have researched
improving transportation infrastructure to promote economic
growth. Perfect transportation facilities can improve
transportation accessibility and reduce transportation costs.
Behrens (2011) and Shepherd (2016) analyzed that a country
with an ideal transportation infrastructure can enhance trade
comfort by reducing transportation costs. However, existing
studies mainly focus on the impact of improving
transportation facilities within a country on its economic
growth. However, there are few studies on the effects of the
construction of international transportation facilities on the
economic development of the CEFT as an essential means of
transportation connecting China with Europe and countries
along the belt and road.

Through literature review, it is found that many studies believe
that transportation advantages created by CEFT can promote the
formation of industrial agglomeration in the opening regions and,
thus, produce economies of scale effect. Kohlhase (2003) pointed
out that convenient transportation is an essential factor affecting
enterprises’ investment location choices. An area with perfect
transportation can make it more convenient for the peripheral
aspects of production to flow to the central region, and it is easier
to form an industrial activity center, thus forming industrial
agglomeration and sharing information and infrastructure
resources within the region (Fang et al, 2020; Elahi et al,
2021a). The effect of factor allocation and economies of scale
is conducive to high-quality economic growth (Elahi et al., 2022).
The study of Burger and Meijers (2016) confirmed that
international transportation connectivity increases regional
connectivity, attracts more enterprises to participate in
international trade, and improves the profit level of relevant
enterprises. Liu and Li (2020) studied the sample of
prefecture-level cities in China. They found that the
promotion effect of the CEFT on the processing trade volume
of cities along the route was greater than that of general trade.
CEFT also changed the pattern of industrial agglomeration and
improved the technological innovation level of enterprises and
the scale of relevant government financial expenditure.

Some studies believe that the CEFT will also improve material
flow, talent flow, and information technology spillover in the
opening areas and promote technological upgrading and
innovation level of enterprises by external effects, thus driving
regional economic development. Grossman and Helpman (1990)
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believed that technology would flow between countries and
international trade, thus forming spillover effects. Wang and
Bu (2019) confirmed the existence of such a mechanism in
their study of CEFT. The opening of the CEFT train
promoted the innovation level of Chinese enterprises through
international trade. On the other hand, the industrial
agglomeration caused by the start of freight trains brings in
many production factors such as raw materials and
intermediate  products, which provides sufficient and
convenient production conditions and material basis for
enterprises and improves their production efficiency. In
addition, industrial agglomeration will also attract many high-
tech enterprises, scientific research institutions, scientific
research, and management talents to concentrate in the area,
bringing advanced technology and management experience,
which is easy to form the concentration of innovation factors.
Liu and Zhang (2009) pointed out that external effects brought by
talent flow and technology spillover can improve the enterprises’
overall technological innovation ability, meet the export
enterprises’ demand for talent, adapt to the requirements of
entry barriers in foreign markets, guarantee the quality and
production efficiency of export products, and improve export
scale and competitiveness. In addition, the opening of the CEFT
also accelerates the trade between China and countries along the
belt and road and enables enterprises in the agglomeration area to
absorb the radiation of knowledge spillover from the wider
network, promoting the integrated development of local
knowledge and global knowledge (Tao et al, 2018) and
driving the high-quality growth of the regional economy.

Through reviewing the existing literature, it can be found that
from the perspective of transportation condition improvement
and industrial agglomeration, many studies have demonstrated
that the opening of CEFT is conducive to expanding the import
and export of enterprises, improving regional openness and
promoting economic development. However, most of these
literatures are only single-dimension analysis, which is
effective for mechanism analysis and can roughly clarify the
path of the impact of CEFT on economic development. The
single index measurement method covers less information and
cannot comprehensively and persuasively describe the overall
economic growth. On the other hand, there is a general
inconsistency between the quality and quantity of economic
growth. As China’s economic development has entered a new
normal and its economic growth has slowed down, the quality of
economic growth has attracted much attention. However, there
has been no in-depth study on this issue in the existing literature
on CEFT.

Therefore, this article may contribute to the literature in the
following aspects: first, from the perspective of growth quality,
this article evaluates the impact of the CEFT on urban economic
development. The existing policy objectives have shifted from
emphasizing rapid economic growth to improving the quality of
economic growth, but the current literature still stays at the
quantitative level. Following the method of Sui and Liu (2014),
this article builds a comprehensive evaluation index system,
extracts principal components by principal component analysis
(PCA), synthesizes growth quality indicators by dimensionality

International Transportation and Growth Quality

reduction, and evaluates the role of the CEFT from the
perspective of growth quality. It provides more empirical
evidence for better construction of the CEFT. Secondly, in
terms of empirical logic, this article combines external linkage
with internal growth, examines the impact of regional integration
measures on domestic growth incremental improvement,
expands the logic chain of growth research, and provides rich
heterogeneity tests from three aspects of growth efficiency,
stability, and sustainability.

3 MATERIALS AND METHODS

3.1 Variables

3.1.1 Dependent Variable

The measure of the quality of economic growth (quality: high
quality of economic growth mode) should be efficient growth
with stability, sustainability and efficiency, stability, and
sustainability of broadly measuring the quality of economic
development (Peng et al, 2020a; Peng et al, 2020b; Peng
et al, 2021). The evaluation system of this article selects the
growth efficiency, stability, and sustainability of three
classification indices, drawing lessons from Sui (2017) method
of sub-indices of the following chosen dimensions for each
classification index, as shown in Table 1.

As explanatory variables used in the later econometric model
in this article are all positive indicators, the variables are
uniformly converted into positive indicators, and the positive
indicators remain unchanged. All backward indicators are taken
in a reciprocal form, and the reciprocal deviation of moderate
indicators is taken. The mean value method is used to deal with
the dimensionless proxy variables of basic indicators to solve the
problem of inaccessibility. The comprehensive index and three
classification indices of economic growth quality are obtained by
the dimensionality reduction of the basic index. The selection and
measurement of basic indicators have been introduced in detail in
many articles such as the work of Sui and Liu (2014) and Chao
and Ren (2011), which will not be described in this article.

This article selects 273 prefecture-level cities as the research
object. In this way, the research object includes 273 samples with
19 fundamental indicators for each sample. The period is from
2003 to 2016, with 72618 data. The data used in this article were
collected from the “China Urban Statistical Yearbook,” “China
Population and Employment Statistical Yearbook,” and local
“statistical yearbook” from 2003 to 2016.

3.1.2 Core Explanatory Variable

The DIDit is the interaction of the policy dummy variable (Treat)
and time dummy variable (Post). Based on the sample data of
273 prefecture-level cities in China from 2003 to 2016, the policy
dummy variable and time dummy variable are defined with the
following primary considerations: on the one hand, for a
particular city, the operation of CEFT mainly includes two
states: “beginning” and “through”. This article pays more
attention to the “beginning,” mainly considering that the
goods carried by the train are basically direct to Europe and
the goods are also distributed in the place of origin. Therefore, the
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TABLE 1 | Comprehensive evaluation index system of economic growth quality.

Classification index Secondary index Basic index

Efficiency Factor productivity Capital productivity
Labor productivity
Organizational efficiency Total factor productivity
Market efficiency Market efficiency
Factor market efficiency
Stability Factor supply stability Capital supply fluctuation

Labor supply fluctuation
QOutput fluctuation
Fluctuations in prices

Output stability

structural stability
Industrial structure

Income and expenditure structure

Sustainability Forward growth momentum  Knowledge stock
R&D investment
Human capital level
Resource limitation
Ecological environmental Air pollution degree
cost Sewage discharge

Solid waste discharge

National economic structure

Resource utilization efficiency

International Transportation and Growth Quality

Proxy variable

Capital productivity

Labor productivity

TFP

Social retail sales of commodities/gross output value of industry and agriculture
Deposit and loan amount of financial institutions/GDP

Number of employment agencies per million people

Market turnover/gross industrial output value

Actual interest rate

Actual wage rate (average wage of urban employment)
Volatility of added value

Inflation rate

Non-state-owned enterprises/GDP

Qutput value of the secondary industry/GDP

QOutput value of the tertiary industry/GDP

Net import and export value/GDP

Number of patents registered/GDP

R&D expenditure/GDP

Average number of years of education for people aged 6 and above
Unit output energy consumption ratio

Output air pollution degree per unit

Unit output sewage discharge

Unit output solid waste is discharged

TABLE 2 | Description of variable selection.

Variable type Variable name Variable Definition Source
symbol
Explained Quiality of urban economic  quality Weighting of economic growth efficiency, stability, and sustainability Calculated by PCA from
variable growth Table 1
Control Level of economic agdp Per capital GDP of each city is logarithmic “China Urban Statistical
variable development Yearbook”
Foreign investment in FDI Proportion of Direct Utilization of Foreign Capital in GDP by City “China Urban Statistical
actual use Yearbook”
Population density rkmd Total urban population divided by urban area “China Urban Statistical
Yearbook”
Urbanization rate urban The sum of the employment of the secondary and tertiary industries in each city ~ “China Urban Statistical
over the years divided by the total employment Yearbook”
Government intervention Gov Proportion of the local fiscal revenue to GDP in each year “China Urban Statistical
Yearbook”
Trade dependence trade The ratio of the total import and export trade of each city to its GDP “China Urban Statistical
Yearbook”
Human capital university The proportion of college students in the total population “China Urban Statistical
accumulation level Yearbook”

prefecture-level city in the “normal originating city” of the CEFT
is set as the processing group. The corresponding treat value is 1;
otherwise, the value is 0. On the other hand, some cities have
started to open more than one freight train line partly; this article
takes the first route traffic as the opening date. At the same time,
as the opening date of some lines is at the end of the year, the
effect generated in the opening year of these lines may not be
visible in a short term; so, this article adopts the method of
uniformly delaying the opening in the second half of the year by
1 year. For example, if Wuhan opened the CEFT in October 2012,
the value of Post is one from 2013. On the contrary, if the

launch time is in July of the current year or earlier, the value of
Post is one from the current year; as an example, if the launch
time is in March 2011 in Chonggqing, the value of Post is one
from 2011.

3.1.3 Control Variables

As for selecting control variables, based on the availability of
relevant literature and data, this article sets the variables of per
capita GDP, FDI, population density, urbanization rate,
government intervention, trade dependence, and human
capital accumulation level at the city level. The logarithm of
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per capita GDP (agdp) is used to represent the level of urban
economic development (Peng et al., 2019). The logarithm of the
actual amount of foreign capital utilized (FDI) represents the
situation of attracting foreign capital, which reflects the
attractiveness of the city’s resource conditions or policies to
foreign capital. Population density (rkmd) measures the
abundance of the urban labor force and human capital. The
urbanization rate reflects the overall development level of a city.
Government intervention is quantified by the proportion of the
fiscal revenue to the city’s GDP. The degree of trade dependence
is expressed by the ratio of the total imports and exports in the
city’s GDP. The level of human capital is reflected by the number
of colleges and universities per capita in cities. All variables are
described in Table 2.

3.2 Source of Data

This article selected panel data from 273 prefecture-level cities in
China from 2003 to 2016. In the sample selection of prefecture-
level cities, cities that have undergone an administrative division
adjustment and have a large number of data missing are excluded
and some cities in remote areas such as Tibet and Xinjiang. The
core explanatory variable is whether the prefecture-level city has
opened a freight train. The opening time shall be determined by
the operation time of the first train in the city. This article
manually sorted out the progress of the operation of the CEFT
in cities from 2011 to 2016 and determined the operation time of
the first freight train in each city by searching the website of China
Railway Corporation, the website of China’s Belt and Road
Initiative, and Baidu Encyclopedia. To ensure the accuracy of
the data, the operation of the CEFT is compared and matched by
searching the official website of the government and the
newspaper of China National Knowledge Infrastructure.
Considering the lag of the operation effect of the CEFT, this
article will uniformly treat the cities that open freight train in the
second half of the year as the first stage of lag. After the
adjustment, by the end of 2016, a total of 30 cities became the
processing group for the opening of the CEFT. Other
macroeconomic data were collected from the “China Urban
Statistical Yearbook” and “China Regional Economic Statistical
Yearbook.”

3.3 Model Formation

Since the opening of the CEFT service, the rapid
development, and the number of cities opened year by
year, there are still many cities that have not opened the
CEFT service. The opening of CEFT can be regarded as an
exogenous policy impact to each city. Therefore, the DID
model can be adopted to evaluate the impact of CEIBS on the
quality of urban economic growth by taking cities with
CEIBS as the treatment group and cities without CEIBS
as the control group. However, since the opening time of the
CEFT in different cities is different, to better judge the
causal relationship between the occurrence of such
temporal and spatial dislocation and the quality of urban
economic growth, this article adopts a more general multi-
period DID method to identify, and the benchmark model is
as follows:

International Transportation and Growth Quality

quality, = B, + B,DID; +Y' z Controlsy + A +p, + &, (1)

where quality;; represents the quality of urban economic growth (i
and t represent city and year, respectively, the same below); DID;;
for double-difference factor is the virtual policy variable; Treat;
(if the city opened freight trains, the value is 1, otherwise 0) is the
time of the cross-terms of virtual variables; and Post; (each city
freight trains opened and after 1 year, before the opening of 0) is
the reaction of CEFT for city net effect in the quality of economic
growth. If the coefficient B, is significant, the quality effect of
economic growth is significant. Controls;, is a series of control
variables; given the panel data, time fixed effect and province
fixed effect are also considered. eit is the random interference
term that is assumed to be normally distributed at zero means
value and constant variance (Elahi et al., 2017; Elahi et al., 2018a;
Elahi et al., 2018b; Gu et al., 2021).

The quality of urban economic growth was evaluated
comprehensively by three indicators of efficiency, stability,
and sustainability. Whether growth is simply caused by
additional factors or the result of efficiency improvement is
the embodiment of the transformation of economic growth
mode, which can determine the capacity and level of economic
growth. Stability reflects the tolerance of economic growth to
external shocks and adaptability to external environment.
High-quality economic growth should be steady in progress
with slight fluctuations; sustainability reflects the potential of
long-term economic growth. Good growth is short-term
growth and provides continuous impetus and a sound
foundation for long-term economic development through a
virtuous cycle.

Whether and to what extent the opening of the CEFT impacts
these three economic indicators, the study of this issue is helpful
to understand further the transmission path and mechanism of
the CEFT to improve the quality of economic growth. Following
the same logic of growth quality, the following model is
constructed, and the regression is carried out:

ef ficiency, = f3, + 3,DID;; + Y Z Controls; + A + Wy + Eits
(2)

stability; = B, + B,DID; +Y' Z Controlsiy + M + p, + &, (3)

sustain; = f, + p,DID;; +y' z Controlsy + A+, + €. (4)

3.4 Further Test

In order to increase the robustness of the results, this article has
carried out the parallel trend test and placebo test. This article further
selects geographical location, internal transport capacity, and external
network to subdivide the cities with the opening of CEFT and
discusses the heterogeneity of the impact of the opening of CEFT.

4 RESULTS AND DISCUSSION

4.1 Descriptive Statistics
The descriptive statistics of each variable are shown in Table 3.
It can be found that the variance of growth quality is
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TABLE 3 | Summary of descriptive statistics.

Variable ) 2
Sample size Mean value
Quality 3,822 —0.003
Efficiency 3822 -4.15e-10
Stability 3822 —0.001
Sustainability 3822 -1.12e-09
DID 3,822 0.015
FDI 3,822 0.021
agadp 3,822 9.870
Gov 3,822 0.156
Urban 3,822 0.344
rkmd 3,819 423.900
University 3,822 1.578
Trade 3,822 0.213

significant, that is, the difference in growth quality between
different sample cities is significant, which has noticeable
individual differences.

4.2 Parallel Trend Test
Only when the parallel trend test is satisfied can the estimator
obtained by the dual difference method be unbiased; that is, if
there is no exogenous impact of the CEFT, the level of economic
growth quality of the treatment group and the control group will
not be too different, or the changes of the two groups tend to be
parallel. Chongqing was the first city to normalize the operation
of the CEFT (March 2011). After that, the number of cities and
frequencies of CEFT has gradually increased. Considering the
multi-period DID model in this article, 2011 is taken as the time
node. The levels of the treatment group and the control group are
the same before 2011. The two start to look markedly different
after 2011, as shown in Figure 1. It is preliminarily concluded that
the opening of the CEFT can affect the quality of urban economic
growth, which conforms to the hypothesis test of parallel trend.
At the same time, the kernel density of economic growth
quality of the treatment group and the control group was
reported, as shown in Figure 2. It can be seen that the
distribution of growth quality of the two groups is significantly
different. The mean value of growth quality of the treatment
group is positive, while that of the control group is near zero,
which is in line with the theoretical expectation.

4.3 Baseline Regression Results

Statal6 software is used in this article to perform regression on
the equation and estimate the direct impact of the opening of
the CEFT on the quality of urban economic growth. The basic
regression is shown in Table 4. In column (1), only the dummy
variable of the opening of CEFT was controlled to explain its
impact on the quality of economic growth. The regression
results show that the variable coefficient of CEFT train is
significantly positive at the level of 1%, indicating that
compared with cities without CEFT, the operation of the
CEFT train has a driving effect on the quality of urban
economic growth. Robustness to validate the conclusion,
this article from the first column (2) to column (8) chooses

International Transportation and Growth Quality

(3 (4) ()

Standard deviation Maximum

Minimum value
1.263 -3.621 12.170
1.343 -2.439 17.082
1.017 -18.658 17.558
1.224 -4.918 17.972
0.120 0.000 1.000
0.024 0.000 0.376
0.761 4.379 12.790
0.091 0.031 1.027
0.223 0.0435 1.000
326.000 15.670 2,662.000
0.935 0.000 4.522
0.437 0.000 10.670

to join the control variable, and from the first column (8), the
regression coefficient is 0.1622, which is significant at a 5%
level. Once again, this proves that the opening of the freight
trains in urban quality has an important role in promoting
economic growth.

4.4 Test of Robustness

4.4.1 Placebo Test

There may be no correlation between the changes in the quality of
urban economic growth and the CEFT. To exclude this effect, a
placebo test was conducted in this article. The core idea of the
placebo test is to estimate the dummy treatment group or dummy
policy time. Suppose the coefficient of the “policy dummy
variable” is still significant in the fictitious case. In that case, it
indicates that the actual estimation result is likely biased, and the
change of the explained variable is expected to be affected by
other policies or random factors.

The data used in this article are short panel data of the “big
N small T” type; so, it is of little significance to fabricate the
policy time randomly. The general practice in the literature is
to make a regression of the policy years 2 or 3 years in advance
to see whether the coefficient of the policy dummy variable is
still significant. It is more often to construct a random fictitious
treatment group, that is, to randomly select individuals as the
treatment group and repeat 500 or 1000 times to see whether
the coefficient of the “pseudo-policy dummy variable” is
significant.

In this article, the method of multi-period DID was
adopted. Since the policy time points of different
individuals were different, individuals were randomly
selected as the treatment group, and most policy time
points were randomly selected. Specific measures are as
follows: 60 cities in the treatment group and 213 cities in
the control group, so 60 cities should be randomly selected
from 273 cities as the “pseudo-treatment group.” It is assumed
that the 60 cities are the cities where CEFT train is opened, and
the other cities are the control group. A year was randomly
selected from each individual as the “pseudo-policy time,” and
the individual numbers and years of the samples were retained
for matching with the original data. The matched samples are
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FIGURE 1 | Results of the parallel trend test.

the “pseudo-treatment group samples,” and the unmatched
samples are the control group samples. The dummy variable of
policy time could be generated by comparing the time of each
period with the “pseudo-policy time.” This process was
repeated 500 times to obtain 500 regression results
(including the estimated coefficients and p value of
“pseudo-policy dummy variables”). Finally, the distribution
of the estimated coefficients of 500 “pseudo-policy dummy
variables” and corresponding p-value can be drawn to visually
display the results of the placebo test, as shown in Figure 3.

A limit of above 500 indicates the policy of “pseudo-virtual
variable” distribution and the corresponding p value of estimated
coefficients. The X-axis represents the estimated coefficients of
pseudo-policy dummy variables, and the Y-axis represents the
density values and p values. The curve is the kernel density
distribution of estimated coefficients; the blue dots are the p
values corresponding to the estimated coefficients; the vertical
dashed line is the accurate estimate of the DID model of 0.162,
and the horizontal dashed line is the significance level of 0.1.

As can be seen from the figure, the estimated coefficients are
mostly concentrated near zero, and the p-value of most of the
estimated values is more significant than 0.1 (insignificant at the
10% level), which indicates that our estimated results are unlikely
to be obtained by chance and thus unlikely to be affected by other
policies or random factors.

Therefore, the interaction coefficient is not significant through
the placebo test, excluding the possibility of false regression,
which indicates that the setting of “policy effect” in this article
is reasonable and the benchmark estimation result is reliable.

4.4.2 Other Robustness Tests

Given that Hainan province is the island and Tibet, Qinghai
province is located in the southwest of the Qinghai-Tibet plateau,
no freight trains are opening; so, Hainan, Tibet, and Qinghai
provinces are all cities dropped from the sample. This article
makes tests again; the DID pre-coefficient is 0.1930, significant at
the 1% level, and the conclusion remains valid and more robust.
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TABLE 5 | Regression analysis of three indicators of economic growth quality.

Variable (1) (2) 3)
efficiency stability sustainability
DID 0.3432*** (3.46) -0.2924* (-2.36) 0.0010 (0.01)
agap -0.6117"* (-16.63) 0.5286™** (11.51) 0.4933** (15.32)
FDI -0.9835 (-1.51) -1.0366 (-1.27) -2.5082"* (—-4.39)
rkmd 0.0002*** (3.78) 0.0002*** (3.07) 0.0002*** (5.01)
Trade 0.0964** (2.88) -0.1175"* (-2.81) 0.0687** (2.34)
Gov 0.1379 (0.64) —1.5301** (-5.73) 0.7746" (4.14)
Urban 1.1676"* (14.62) -0.2090* (-2.10) 0.5758** (8.24)
University 0.9427** (68.57)  -0.2729"* (-13.58) 0.6988* (49.61)
Constants 4.0298"* (11.00) -4.5170"* (-9.88)  -6.3586** (-19.84)
Province FE Yes Yes Yes
Time FE Yes Yes Yes
R? 0.7429 0.3011 0.7626

t-values are given in parentheses. ***, **, and * represent the level of significance of
parameters at 1% (p < 0.01), 5% (p < 0.05), and 10% (p < 0.1), respectively.

4.5 Further Analysis
The regression results of the impact of CEFT on growth efficiency,

stability, and sustainability indicators are shown in Table 5.

It can be seen from the regression results that the opening of
the CEFT mainly improves the quality of economic growth by
affecting the efficiency of economic growth, which has no
significant impact on the sustainability of the economy and a
significant negative impact on the economic stability at the 5%
test level. The reason may be that the CEFT most directly drives
the gathering of goods in the cities but have no direct effect on the
key significance for sustainable economic development such as
scientific and technological progress, innovation, and
environmental improvement. At the same time, little
competition around the city and a large number of subsidies,
focusing only on the current, is not conducive to long-term
interests, instead reducing the economic sustainability. So, the
effect on sustainability is not significant; it harms the stability of
growth, which is consistent with the reality. The CEFT improves
the openness of the local area. Generally, the higher the openness,
the more vulnerable it is to the adverse impact of the external
environment, which reduces the stability of the internal economy.
Therefore, the opening of the CEFT will mainly improve the
economic growth efficiency and improve the quality of economic
growth through the improvement of location and transportation
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TABLE 6 | Results of the geographical location heterogeneity analysis.

International Transportation and Growth Quality

Variable (W] 2 3) 4)
quality efficiency stability sustainability

DID 0.2498"** (2.64) 0.4022*** (3.44) -0.4512** (-3.09) 0.1188 (1.16)
DDD -0.2941* (-1.74) -0.1980 (-1.74) 0.5331** (2.05) -0.3951** (-2.17)
agdp -0.001 (-0.00) -0.6119"* (-16.63) 0.5292** (11.52) 0.4929*** (15.32)
FDI -2.1520"* (-4.07) -1.0138 (-1.55) -0.9549 (-1.17) —2.5688"* (—4.49)
rkmd 0.0003*** (5.98) 0.0002*** (3.76) 0.0002** (3.11) 0.0002*** (4.97)
Trade 0.0896™* (3.30) 0.0968** (2.89) -0.1187** (-2.84) 0.0695*** (4.97)
Gov 0.3841** (2.22) 0.1369 (0.64) —1.5274*** (-5.72) 0.7726"** (4.13)
Urban 0.9210"* (14.25) 11679 (14.62) -0.2097** (-2.10) 0.5764*** (8.25)
University 0.8735™* (66.91) 0.9416** (58.35) —0.2699"** (-13.40) 0.6966*** (49.35)
Constants —1.8509"** (6.25) 4.0347* (11.01) —4.4878"* (-9.81) —6.3489"** (-19.81)
Province FE Yes Yes Yes Yes

Time FE Yes Yes Yes Yes

R? 0.8098 0.7430 0.3019 0.7629

t-values are given in parentheses. ***, **, and * represent the level of significance of parameters at 1% (p < 0.01), 5% (p < 0.05), and 10% (p < 0.1), respectively.

conditions, reducing the cost and transportation time of goods,
improving the efficiency of enterprises’ foreign trade activities,
promoting industrial agglomeration, forming economies of
scale, and then improving production efficiency and other
aspects.

4.6 Heterogeneity Analysis

It can be seen from the basement regression results that the
opening of China-Europe freight train is beneficial to improving
the quality of urban economic growth, but the influence of trains
whether there are differences between different samples or
groups. That is, some open cities are greatly affected, while
some cities have little or no impact. This has a good policy
guidance significance to guide the regional planning and
construction of the CEFT in the future. It can play a more
excellent marginal utility.

To explore the heterogeneity of the impact of train opening,
this article further selects three indicators of geographical
location, internal capacity, and external network to subdivide
the cities with the CEFT.

4.6.1 Geographical Location

In China’s traditional foreign trade, sea transportation has always
been an essential mode of transportation of goods. The eastern
coastal areas are close to ports; so, the terms of trade are
significantly better than the inland areas in the central and
western regions; also, the economic growth of the eastern
coastal areas continues to be stronger than in the west and
central regions. However, the starting place of the CEFT is
mainly inland areas. Therefore, whether the opening of a
freight train can improve the transportation conditions in
central and western China to improve the trade situation and
economic growth in inland areas is very worthy of study. In this
article, cities in all coastal provinces (Shandong, Jiangsu,
Zhejiang, and other 10 provinces or municipalities directly
under the Central Government) are set as a treatment group.
The other cities were set as a control group to interact with policy
dummy variables to generate new interactive dummy variables
DDD, that is, to develop a triple difference (DDD) model. The

total index economic growth quality and the three sub-indices are
tested; the results are shown in Table 6. The results show no
significant difference in the economic growth efficiency of the
eastern and western cities after the opening of freight trains. The
growth stability of the eastern cities is significantly higher than
that of the west and central cities, while the growth sustainability
of the western cities is more robust than that of the eastern cities.
Overall, the DDD pre-coefficient of economic growth quality is
significantly negative at the level of 10%; that is, the quality of
economic growth in the inland cities of central and western China
is considerably higher than that in the eastern coastal cities. This
shows that the opening of the CEFT has a more significant impact
on the quality of inland economic growth. The CEFT can change
the situation that inland regions have to rely on seaports to
develop export-oriented economies. It promotes the “coastal” of
inland areas, provides opportunities for the development of the
inland economy, and becomes a meaningful way to narrow the
development gap between different regions.

4.6.2 Internal Capacity

Internal capacity refers to a city’s basis and capacity power to
transport goods, which can be measured by the volume of goods
transported. The direct role of the CEFT is to transport goods
between China and Europe. The amount of freight transported
before the opening of freight trains in different cities reflects the
importance of a city as a transportation hub; the more freight
volume, the more active the city’s economy. Cities with good
freight infrastructure and history and demand are easier and
earlier to open CEFT. The year before the opening time of the first
train is selected as the measurement time, and the freight volume
of the year more significant than the average freight volume of all
cities is classified as the treatment group. In contrast, the other
cities are the control group. Cross-multiplying with the policy
dummy variable generates the new interactive dummy variable
DDD. The above regression is conducted again. The results of
Table 7 show that in terms of growth efficiency and sustainability,
cities with small cargo volume significantly improve better than
cities with large cargo volume. Referring to the theory of
diminishing marginal benefits, cities with small freight
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TABLE 7 | Results of the internal capacity heterogeneity analysis.

International Transportation and Growth Quality

Variable (1) (2) 3) (4)
quality efficiency stability sustainability
DID 0.4020*** (3.52) 0.6684** (4.73) -0.5572** (-3.16) 0.1600 (1.29)
DDD —0.4499** (-2.94) -0.6100"** (-3.23) 0.4967* (2.11) —-0.2982* (-1.80)
agadp 0.0036 (0.12) -0.6071** (-16.51) 0.5249"* (11.42) 0.4955*** (15.39)
FDI -2.1676™* (-4.11) -1.0658 (-1.63) —0.9696 (-1.19) —2.5485"* (-4.46)
rkmd 0.0003*** (5.95) 0.0002*** (3.71) 0.0002"** (3.12) 0.0002*** (4.96)
Trade 0.0885*** (3.27) 0.0959** (2.86) -0.1171"* (-2.80) 0.0684** (2.33)
Gov 0.3964** (2.29) 0.1525 (0.71) —1.5420"** (-5.77) 0.7817*** (4.17)
Urban 0.9146** (14.16) 1.1596** (14.53) -0.2024* (-2.03) 0.5719** (8.18)
university 0.8727** (66.94) 0.9394*** (58.33) -0.2707** (-13.42) 0.6972*** (49.41)
Constants —-1.8846™* (-6.36) 3.9940** (10.91) —4.4878" (-9.81) —6.3761** (-19.89)
Province FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
R? 0.8101 0.7436 0.3019 0.7628
t-values are given in parentheses. ***, **, and * represent the level of significance of parameters at 1% (p < 0.01), 5% (p < 0.05), and 10% (p < 0.1), respectively.
TABLE 8 | Results of the external network heterogeneity analysis.
Variable (1) @) (3) 4)
quality efficiency stability sustainability
DID 0.1236 (0.90) 0.3637* (1.86) —0.4257* (-1.74) —-0.1285 (-0.75)
DDD 0.0241 (0.14) -0.0268 (-0.12) 0.1745 (0.63) 0.1695 (0.88)
agdp —0.0001 (-0.00) -0.6115"* (-16.61) 0.5277** (11.48) 0.4924*** (15.29)
FDI -2.1152** (-4.00) -0.9812 (-1.50) -1.0516 (-1.29) —2.5227** (-4.41)
rkmd 0.0003*** (6.00) 0.0002*** (3.78) 0.0002*** (3.05) 0.0002*** (4.99)
Trade 0.0892** (3.29) 0.0963*** (2.87) -0.1169"* (-9.85) 0.0693** (2.36)
Gov 0.3841** (2.22) 0.1382 (0.65) —1.5323"* (-5.73) 0.7725"* (4.12)
Urban 0.9210*** (14.24) 1.1672** (14.60) -0.2063** (-2.07) 0.5783*** (8.27)
University 0.8750"* (67.12) 0.9427*** (58.56) -0.2730"* (-13.58) 0.6986*** (49.59)
Constants —1.8545"* (-6.25) 4.0283** (10.99) -4.5075"* (-9.85) —0.3494** (-19.80)
Province FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
R? 0.8097 0.7429 0.3012 0.7627

t-values are given in parentheses. ***, **, and * represent the level of significance of parameters at 1% (p < 0.01), 5% (p < 0.05), and 10% (p < 0.1), respectively.

volumes previously have a specific role as cargo transfer hubs
after opening, and the goods will be transported to the city by the
surrounding cities. This is not only the absolute amount of freight
volume; the relative amount is also greatly increased. It will
effectively improve the city’s transportation, trade activity, and
long-term development power. In cities with large freight
volumes, the opening of freight trains also increases freight
volume continuously, but this change is relatively insignificant
due to a large base. In addition, to increase stability, cities with big
freight volumes have relatively mature air, sea, and land transport
systems; after opening trains, these cities greatly improve the
railway development, make the air, sea, and land transport system
more perfect, and help the steady growth of the economy. In cities
with small freight volumes available for freight trains, the freight
system will be more inclined to the railway, which is not
conducive to the further improvement of other modes of
transportation. Overall, the DDD pre-coefficient of economic
growth quality is significantly negative at a 1% level; that is, the
opening of freight trains has a more significant impact on the
economic growth quality of cities with smaller freight volumes.

4.6.3 External Network

Compared with freight volume, which changes over time,
“highway mileage” related to transportation capacity is more
stable, objective, and external. In this article, highway mileage is
selected as the indicator of infrastructure construction. The level
of infrastructure construction can usually reflect the development
status of a city. The greater the highway mileage, the more
convenient the city’s transportation, the more conducive to the
development of trade and industry, and the higher level of
economic growth. Similarly, the year before the opening time
of the first train is selected as the measurement time, and those
cities with highway mileage greater than the average highway
mileage of all cities in that year are classified as the treatment
group, while the other cities were the control group. The new
interactive dummy variable DDD is generated by cross-
multiplication with the policy dummy variable, and the above
regression is repeated. As shown in Table 8 of the regression
results, the DDD pre-coefficients of the three sub-indices and the
total indices are insignificant. Therefore, there is no significant
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difference in the impact of the CEFT on cities with different
highway construction conditions.

5 CONCLUSION AND POLICY
IMPLICATIONS

Based on the data from 273 cities in China from 2003 to 2016,
this article empirically tests the impact and heterogeneity of
the opening of the CEFT on the quality of urban economic
growth by using the multi-stage DID model. Results show that
the CEFT at the beginning of the city significantly increased
the quality of economic growth, and the placebo and
counterfactual inspection confirmed the conclusion of
robustness. The mechanism of assessment found that the
CEFT opened mainly through improving the efficiency to
influence the quality of economic growth, with no positive
effect on the stability and sustainability. Results of
heterogeneity found that the CEFT opened on the quality
of the city’s economic growth has obvious spatial
heterogeneity. Freight trains opened have significantly
improved the eastern coastal cities and inland the Midwest
quality of economic growth to increase largely in the central
and western inland cities. It is conducive to narrowing the gap
between the eastern and western economic development. At
the same time, CEFT is more conducive to improving the
quality of economic growth in cities with smaller freight
volumes. There is no significant difference in the impact of
highway infrastructure construction in cities with different
grades. It is necessary to continue to play the role of freight
trains in driving economic expansion efficiency and strive to
improve stability and sustainability to promote high-quality
economic development more comprehensively. The Chinese
government can encourage unopened cities to organize
freight sources to transport goods to the regions already in
operation and strengthen the regional assembly of goods at
the points of the China Railway service. At the same time, the
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