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+e Belt and Road Initiative has brought new opportunities for countries along the routes to develop their transportation
infrastructure. +rough large-scale transportation infrastructure construction, these countries enhanced the Belt and Road
cooperation with each other, which further facilitates the rapid development of their own economy, but whether this can promote
the sustainable development of their own environment, relevant research is still lacking. In this paper, China is taken as the study
subject to evaluate the comprehensive effects that the Belt and Road Initiative exerts on the economy and environment through
improving transportation infrastructure. In the study, RAM indicators were first established to measure the unified economic and
environmental efficiency of transportation infrastructure, a DID model was then built to study the effects of the Initiative on the
unified efficiency, andmediation models were finally created to discuss the ways in which the Belt and Road Initiative can improve
the unified economic and environmental efficiency of transportation infrastructure through transformation and upgrade of
industrial structure. +e study result shows that the Belt and Road Initiative can significantly promote the improvement of the
unified economic and environmental efficiency of the national transportation infrastructure, but the result is regionally het-
erogeneous. +e Initiative has positive effects in improving the unified efficiency in eastern region but has no effect in the central
and western regions. Although the Initiative can significantly enhance the efficiency through transforming and upgrading the
industrial structure, the industrial structure rationalization plays a primary positive role. +is paper provides the empirical
evidences to evaluate the implementation effects of the Initiative in the transportation infrastructure sector and verifies that
countries along the routes can achieve sustainable development through large-scale transportation infrastructure construction
under the Belt and Road Initiative.

1. Introduction

+e Belt and Road Initiative proposed by China is aimed at
achieving common development and prosperity by en-
hancing interconnectivity and intercommunication. How-
ever, most of the countries along the routes are developing
countries, where underdeveloped transportation infra-
structure is a major bottleneck for economic development.
+erefore, after the Belt and Road Initiative was put forward,
transportation infrastructure has been prioritized for en-
hancing interconnectivity among countries and regions

along the routes. Multilateral financial institutions including
the Asian Infrastructure Investment Bank (AIIB) and the
Silk Road Fund have been established through efforts under
the Belt and Road Initiative to mitigate fund shortage for
construction of large-scale transportation infrastructure. By
December 2019, AIIB had provided USD 12.04 billion for 63
projects in countries and regions along the routes and the
Silk Road Fund had signed 34 projects with a committed
investment amount of USD 12.3 billion [1, 2]. Since the Belt
and Road Initiative was proposed, progress has been ob-
served in the construction of transportation infrastructure.
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However, the financing environment for infrastructure in-
vestment has been changing constantly; especially, in recent
years, the global economic landscape, trade environment,
and industrial structure have been undergoing profound
adjustments, which greatly impacts the global infrastructure
industry. In the critical period of the Belt and Road Initiative
with urgent demands on investment in transportation in-
frastructure, great attention needs to be paid on whether the
Belt and Road Initiative has significantly improved the ef-
ficiency of transportation infrastructure investments in
countries along the routes. Under the concept of sustainable
development, the efficiency of transportation infrastructure
investments in this paper refers to the unified economic and
environmental efficiency of transportation infrastructure,
that is, the ratio of investment input to the comprehensive
economic and environmental outcomes.

2. Literature Review

+e efficiency of transportation infrastructure investments
needs to be specifically analyzed from the relationships
between transportation infrastructure input and economic
and environmental outcomes. Studies of transportation
infrastructure concerning economy growth mainly focus on
the following aspects: +e first aspect is the logics between
transportation infrastructure investment and economic
growth. Rosenstein-Rodan and Rostow were the earliest to
propose such opinion. Rodan’s Big-Push theory pointed out
that infrastructure construction, including transportation
infrastructure, is the prerequisite for economic develop-
ment. Rostow’s Stages of Growth postulated that infra-
structure, including transportation infrastructure, is of vital
importance to economic growth, especially for developing
countries, which should prioritize infrastructure construc-
tion [3, 4]. With the evolution of econometrics, researchers
began to use the empirical method in their studies and came
to a universal opinion that investment in transportation
infrastructure shows obvious driving on economy [5].
However, some researchers disagreed and held that there is
no obvious positive correlation but a negative one between
transportation infrastructure investments and economic
growth. Some studies have found an inverted U-shaped
relationship between transportation infrastructure and
economic growth and most developing countries are still in
the upward part of the curve due to insufficient infra-
structure investments [6], while others have found that the
contribution of infrastructure investments to economic
growth in China is beginning to show a downward trend,
showing an inverted L-shaped curve [7].+e second aspect is
the channels and mechanisms whereby investment in
transportation infrastructure affects economic growth.
Numerous studies have shown that investment in trans-
portation infrastructure can not only directly facilitate
economic growth through the multiplier effect, but also
indirectly boost the economy by reducing transportation
and inventory costs [8], strengthening market integration
[9], promoting importing and exporting activities [10, 11],
changing household consumption patterns [12], influencing
enterprise inventories, and accelerating the dynamic

evolution of enterprises [13]. +e third aspect is the het-
erogeneity of the effects of transportation infrastructure on
economic growth. +e effects of transportation infrastruc-
ture investment on economic growth vary from region to
region [14]. Different types of transportation infrastructure
also have varying effects on economic growth [15]. In ad-
dition, the effects of transportation infrastructure vary across
different economic structures [16]. Existing studies of
transportation infrastructure investment concerning envi-
ronment mainly focus on the on the dynamics between
transportation infrastructure and air quality. +e reason
might be that transportation infrastructure is closely related
to the transportation industry. +e current studies con-
cluded that transportation infrastructure has both positive
and negative effects on air quality. +e main reason why
transportation infrastructure can cause air pollution is that
the growth rate of vehicles on roads is higher than that of
road capacity for a long time, which is very likely to lead to
traffic congestion and reduce vehicle speed, resulting in the
amount of exhaust pollutant emissions 2-3 times higher than
usual [17]. Increased road density due to road construction
will increase energy consumption, whichmakes air pollution
more serious [18]. On the other hand, transportation in-
frastructure is conducive to curb air pollution. Studies have
found that increasing the road capacity or widening the
roads can effectively reduce traffic congestion to a certain
extent and improve fuel efficiency to reduce exhaust
emissions [19]. Railway transportation can effectively alle-
viate traffic congestion in large cities by substituting taxies
and other transportation equipment, which further saves
energy and reduces exhaust emissions [20]. High-speed
railway is also conducive to energy saving and emission
reduction due to the low consumption of fossil fuels during
passenger and cargo transportation [21]. Under the concept
of sustainable development, any unilateral consideration of
the effect of transportation infrastructure investment on the
economy or environment is one-sided. Although there are
existing studies involving the evaluation on the coordinated
benefits of the economy, environment, and society brought
by transportation infrastructure [22], researches about the
comprehensive effects of transportation infrastructure in-
vestment on the economy and environment are still in the
preliminary stage.

According to the existing evaluation methods used in the
research on the impact of transportation infrastructure
investment, the more used methods are divided into the
following different categories. (1) Input-output analysis
method: in the relevant research on the growth effects of
transportation infrastructure, the production function
method is currently the most used research method, and the
Cobb-Douglas production function is the most widely used.
+e production function method was mainly used for the
following research purposes: First, transport infrastructure
capital was separated from the total capital as an indepen-
dent form of capital, and then production function was used
to estimate the output elasticity and optimal scale of
transport infrastructure. Aschauer and Munnel adopted the
production function model to analyze whether infrastruc-
ture can promote economic growth [5, 23]. +e second was
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to strengthen the correlation between transport infra-
structure investment and economic growth or productivity
improvement and explored the spatial spillover effect gen-
erated by transport infrastructure based on the production
function. In addition to paying attention to the impact of
transportation infrastructure on the economic growth of the
region, Liu and Cantos et al. also noted that the trans-
portation infrastructure is likely to promote the transfer of
economic activities in the region to its surrounding areas,
resulting in a certain economic spillover effect [24, 25]. (2)
Analytical method of index system construction: here is a
general introduction to the Data Envelopment Analysis
(DEA) method. +e DEA method is a nonparametric
method that relies on mathematical tools to evaluate the
effectiveness of the economic system at its production
frontier. It is mainly applicable to the performance evalu-
ation of multiobjective decision making units with multi-
inputs and multioutputs. Although DEA is based on the
input-output perspective, it is different from the individual
input and output elements of the production function. +e
input and output ends of DEA need to construct a certain
index system to consider the complex situation of the re-
search. +erefore, the use of DEA to evaluate the impact of
transportation infrastructure is systematic and compre-
hensive. Among the DEA models, the CCR model and the
BCC model were proposed by Charnes et al. and Banker,
respectively, and they are the most widely used [26, 27]. Li
and Li used the two-stage DEA method to effectively
evaluate the performance of China’s infrastructure invest-
ment [28]. Sun et al. used the cross-efficiency DEA model to
evaluate the economic benefits generated by the public in-
frastructure of Chinese cities [29]. In addition, the game
cross-efficiency DEA model and the parallel DEA model
were also used in related problems [30, 31]. (3) Systematic
comprehensive analysis method: system dynamics was first
proposed by Forrester in his “Industrial Dynamics” edited in
the 1950s [32]. It is a quantitative analysis tool based on
system theory, information theory, and cybernetics, while
using computer simulation technology to study complex
social systems. +is method can solve the nonlinear, mul-
tiloop, high-level, and dynamic problems that were difficult
to achieve in the previous econometric models. Artificial
neural network was first proposed byMcCulloch and Pitts. It
is a complex network structure formed by a large number of
processing units (neurons) interactively connected. Its
principle is mainly to simplify, abstract, and simulate the
neural structure of the human brain and its operating ac-
tivities [33]. Because the problems involved in the trans-
portation field are highly nonlinear and the characteristics of
related data are usually large, complex and dynamic, the
application of these two methods in related research in the
transportation field has certain advantages. (4) Other
evaluation methods: there are other evaluation methods
used in the research on the impact of transportation in-
frastructure investment. Based on the analysis of the gravity
model, Liu et al. established a gravity model to investigate
the influence of transportation infrastructure on the
boundary effect [34]. Based on the analysis of the stochastic
frontier model, Gong and Yin used the heterogeneous

stochastic frontier model to empirically analyze the impact
of railway construction on the inefficiency of regional trade
[35].

In recent years, studies concerning the Belt and Road
Initiative and transportation infrastructure have been in-
creasing extensively. +ese studies specifically focus on the
dynamics between construction of transportation infra-
structure and economic and social development in countries
along the routes. A general conclusion has been reached
through empirical analysis that construction of trans-
portation infrastructure can reduce unemployment and
effectively increase the economic aggregate and output per
capita in countries along the routes. Main factors impacting
investment in transportation infrastructure in countries
along the routes have been analyzed, which include mul-
tilateral financial institutions, investment entities, and fi-
nancial factors such as financing costs, financing efficiency,
and financing risks [36]. +e mechanisms whereby con-
struction of transportation infrastructure affects economic
growth in countries along the routes have been studied,
among which foreign trade and trade structure improve-
ment all play a positive role [37]. And studies have been done
to assess the investment efficiency in relation to trans-
portation infrastructure in countries along the routes and a
conclusion has been reached that investment in different
types of transportation infrastructure has a varying effect on
economic growth in countries along the routes. Statistics
show that the Belt and Road Initiative is mainly used as the
basis for zoning in existing studies, while its effects on
policies concerning investment in transportation infra-
structure have rarely been studied.

In summary, first of all, in recent years, studies on the
impacts of transportation infrastructure investment on
economic growth and environmental development have
gradually been increasing, but no study has been dedicated
to the impacts on the comprehensive economic and envi-
ronmental development. Based on this, when investigating
the level of transportation infrastructure investment, this
paper analyzed the impacts of transportation infrastructure
investment on the comprehensive development of economy
and environment, which is in line with the requirements of
the current global sustainable development concept. +e
impact evaluationmethod adopted was selected according to
the composition principle and scope of application of var-
ious evaluation methods and combined with the research
objectives of this paper. Considering that the evaluation of
the investment level of transportation infrastructure in this
paper was based on the input-output perspective, a series of
indicators needed to be set at the input and output ends, so
the DEA method was more appropriate. Second, lots of
studies explained the importance of the Belt and Road
Initiative on the transportation infrastructure construction
at the theoretical level but lacked empirical verification.
+erefore, a DIDmodel was built in this paper to empirically
verify the effects of the Belt and Road Initiative on the
unified economic and environmental efficiency of trans-
portation infrastructure in China. Finally, China is at the
critical stage for industrial structure adjustment. +e
transformation and upgrade of the industrial structure have
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been put onto the national agenda for strategic development.
+erefore, this paper discussed whether the transformation
and upgrade of the industrial structure play a mediating role
in better facilitating the Belt and Road Initiative to enable the
improvement of the unified economic and environmental
efficiency of transportation infrastructure.

3. Research Assumptions

+e effects of the Belt and Road Initiative on the unified
economic and environmental efficiency of transportation
infrastructure can be analyzed from the demand driving,
investment increasing, and effectiveness. At present,
countries along the routes have reached a broad consensus
on advancing the Belt and Road cooperation; the key is
connectivity. Infrastructure is the bedrock of connectivity
while the lack of infrastructure is a bottleneck that held up
the development of many countries. +erefore, the demand
for developing infrastructure, especially transportation in-
frastructure, has been relatively huge since the proposal of
the Belt and Road Initiative. According to BMI’s statistics on
global infrastructure projects, in 2018, transportation in-
frastructure accounted for the highest proportion of energy,
transportation, telecommunications, and water infrastruc-
ture by the value of new contracts signed by belt-and-road
countries [38]. Most countries along the routes are devel-
oping countries. In the coming years, the accelerated in-
dustrialization and urbanization will generate new demands
for transportation infrastructure development. In the Belt
and Road Infrastructure Development Index Report 2019,
the transportation infrastructure industry in each belt-and-
road country remains an investment hotspot [39], and
development and policy-oriented financial institutions,
commercial banks, and special investment funds constitute
the main financing channels to alleviate the shortage of
funds for infrastructure construction in countries along the
routes. It can be seen that the Belt and Road Initiative has
strongly boosted the demands for transportation infra-
structure construction and kept absorbing the huge influx of
investment in transportation infrastructure for a long time.
However, transportation infrastructure investment with
such a huge scale is bound to have profound effects on the
economic and environmental development in countries
along the Belt and Road. Under the Belt and Road Initiative,
as the transportation infrastructure has gradually been
improved to increase connectivity, the layout of industrial
investments has been further optimized, and economic and
trade cooperation has been upgrading, leading to accelerated
economic development of the countries along the routes
[40]. In addition, large-scale road construction alleviates
traffic congestion, leading to energy saving and emission
reduction. +e technology spillover effect of transportation
infrastructure has resulted in the extensive application of
advanced environmental protection technologies, which all
have played a positive role in the environmental develop-
ment of countries along the routes [41]. In conclusion, the
following assumption was proposed in this paper.

Assumption 1. +e Belt and Road Initiative has a positive
effect in improving the unified economic and environmental
efficiency of transportation infrastructure.

+e effects that the Belt and Road Initiative exerts on the
unified economic and environmental efficiency through
transforming and upgrading the industrial structure can be
analyzed from the relationships between the paths for the
Belt and Road Initiative to affect transformation and up-
grade of the industrial structure and the transportation
infrastructure investment. +e Belt and Road Initiative can
effectively solve problems such as insufficient market de-
mands and overcapacity, and effective market demands are
necessary conditions for transforming and upgrading the
industrial structure [42]. +e countries along the Belt and
Road have relatively large differences in resource endow-
ments, resulting in a strong economic complementarity.
Increasing trade exchanges between these countries facilitate
the flow of resource elements, and the reorganization and
optimization of resource elements will have an important
impact on the rational adjustment of the industrial structure
[43]. +e Belt and Road Initiative not only helps Chinese
enterprises to increase investment in research and techno-
logical development to gain market competitive advantages,
but also helps Chinese enterprises to introduce advanced
technologies, equipment, and management experience from
foreign countries to enhance their own strength. Relying on
internal innovation or pushing technological innovation
using advanced foreign technologies can drive the upgrade
of the industrial structure [44]. +is shows that the
implementation of the Belt and Road Initiative facilitates the
transformation and upgrade of the industrial structure. In
the above paths that affect the transformation and upgrade
of the industrial structure, market demands, the flow of
resource elements, and technological innovation and spill-
over must be achieved through the joint construction of
transportation infrastructure to facilitate free trade and
reduce transaction costs. +erefore, the Belt and Road
Initiative can increase investment in transportation infra-
structure through transforming and upgrading the industrial
structure while the sound transportation infrastructure will
further boost the comprehensive development of the
economy and the environment. In conclusion, the following
assumption was proposed in this paper.

Assumption 2. +e Belt and Road Initiative can improve the
unified economic and environmental efficiency of trans-
portation infrastructure through transforming and
upgrading the industrial structure.

In summary, the research framework of this article is
shown in Figure 1.

4. Methods

4.1. Range-Adjusted Measure (RAM) Model. Before con-
ducting the study, the unified economic and environmental
efficiency of transportation infrastructure needs to be
measured. Because the RAM model can not only eliminate
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the angle, radial, and nonrelaxation variable problems of the
traditional data envelopment analysis model, but also has an
additive structure to achieve independent efficiency mea-
surements based on expected output and undesired output,
respectively, and integrate and add the independent effi-
ciency of the two [45]. +erefore, this paper adopted the
RAM model to measure the unified economic and envi-
ronmental efficiency of transportation infrastructure, which
measured the investment level of transportation infra-
structure in China. +e investment level of transportation
infrastructure measured from the perspective of sustainable
development is more reasonable than traditional

measurement standards, and it can be able to make a more
comprehensive and accurate evaluation of the true invest-
ment level of transportation infrastructure in China at this
stage.

4.1.1. RAMModel for Economic, Environmental, and Unified
Efficiency

(1) RAM Model for Economic Efficiency. +e economic ef-
ficiency RAM model based on the desirable output is
expressed as
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(2) RAM Model for Environmental Efficiency. +e envi-
ronmental efficiency RAM model based on undesirable
output is expressed as
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Figure 1: +e research framework of this article.
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In this paper, CO2 emission is the only undesirable
output, because greenhouse gases emission mainly based on

CO2 is important indicator affecting the environmental
sustainable development of transportation infrastructure.
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m , and sb∗

i are, respectively, the slacks of input and
output in the optimal solution status. According to model
(4), the RAM environmental efficiency index of the tth year
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(3) RAMModel for Unified Efficiency. +e additive structure
of the RAM model is used to integrate the economic effi-
ciency and the environmental efficiency in a single frame-
work to obtain the RAM model for the unified efficiency:
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Whenmodel (7) achieves the optimal solution status, the
RAM unified efficiency index of the tth year of region j may
be converted to
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4.1.2. Indicators and Data

(1) Indicator selection and data sources: in consider-
ation of the characteristics of transportation infra-
structure in combination with research findings in

existing literature [46, 47], the indicators and data
sources were selected to measure the unified effi-
ciency of economy and environment of trans-
portation infrastructure, as shown in Table 1. Due to
lack of data in Tibet, Hong Kong, Macau, and Tai-
wan, the panel data of 30 provinces and cities other
than the above from 2007 to 2018 were collected in
the study.

(2) Indicator processing:

Capital stock: in this paper, the perpetual inventory
method was used to estimate the capital stock of the
transportation industry. +e formula used in the
calculation is Kit � Iit + (1 − δ)Kit−1, where Kit is
the capital stock of the transportation industry in
the tth year of region i; Iit is the investment in
transportation in the tth year of region, expressed
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here as the investment in fixed assets in trans-
portation; δ is the rate of depreciation, i.e., 9.6%. To
exclude the effects of the price factor, the capital
stock data here were all converted to constant-price
data taking 2007 as the base period.
Labor: this is the number of persons employed in
the transportation industry in each region.
Energy consumption: the total consumptions of
coal, gas, diesel, and natural gas in the trans-
portation industry were converted to standard coal
based on their respective conversion coefficient, to
obtain the total energy consumption.
Desirable output: this includes the gross production
and the comprehensive converted turnover of the
transportation industry. To exclude effects of the
price factor, the gross production was adjusted to a
constant-price value taking 2007 as the base period
based on the index of value added of the service
sector. +e comprehensive converted turnover was
calculated based on the conversion coefficients be-
tween turnover of passenger transportation and that
of freight transportation set out in the Chinese
statistical system as shown in Table 2. In consider-
ation of data availability, data of air transportation
was not considerate and waterway transportation
was calculated by a converted coefficient of 1/3.
Undesirable output: this is CO2 emission of the
transportation industry. +e bottom-up method in
the IPCC [48] guidelines was used to calculate the
undesirable output based the various energy con-
sumptions. +e calculation formula is
TCit � 

m
n�1 EnFnit, where TCit is the CO2 emission

in the tth year in region i; En is the CO2 emission
factor of the nth energy; Fnit is the consumption of
the nth energy in the tth year in region i; m is the
type of energy consumed.

4.2. Difference in Difference (DID) Model. In order to study
the effects of the Belt and Road Initiative on the unified
economic and environmental efficiency of transportation
infrastructure in China, the difference method may be used
to obtain the efficiency difference before and after the

proposal to determine the effect of the Initiative on the
efficiency. However, there may be other policies or factors
that affect efficiency before and after the Initiative was
proposed, and the difference method cannot take these into
account, which may lead to overestimation of the effect of
the Initiative. +erefore, a more scientific method, i.e.,
Difference in Difference, was used here to evaluate the effects
of the Belt and Road Initiative on the unified economic and
environmental efficiency of transportation infrastructure.

4.2.1. Setup of DID Model. +is paper takes the Belt and
Road Initiative as a quasinatural experiment and draws on
the existing researches to select regions along the Belt and
Road as the treated group and those not along the routes as
the control group [49]. +e regions along the Belt and Road
here are the 17 provinces and cities along the routes in China
mentioned in the “Vision and Actions on Jointly Building
Silk Road Economic Belt and 21st-Century Maritime Silk
Road” [50], namely, the Inner Mongolia, Liaoning, Jilin,
Heilongjiang, Shanghai, Zhejiang, Fujian, Guangdong,
Guangxi, Hainan, Chongqing, Yunnan, Shaanxi, Gansu,
Qinghai, Ningxia, and Xinjiang (of which the data is not
included here due to the incompleteness of data of Tibet).
+e DID model thus established is shown as

UEit � β0 + β1silkroadi ∗ postt + αXit + ct + μi + εit. (9)

In the above model, UEit is the unified economic and
environmental efficiency of transportation infrastructure in
the tth year in region i; silkroadi is a grouping dummy
variable used to determine whether region i is located along
the Belt and Road; postt is a phasing dummy variable used to
determine whether the Belt and Road Initiative has been
proposed by the tth year; silkroadi ∗ postt is an initiative
dummy variable, expressed as an interaction between the

Table 1: Indicators used to assess unified economic and environmental efficiency of transportation infrastructure.

Category Indicator Quantized value Unit Data source

Input
indicators

Capital stock Capital stock of the transportation
industry

RMB 100
million China Statistical Yearbook

Labor Number of persons employed in the
transportation industry Persons China Statistical Yearbook

Energy
consumption

Energy consumption in the
transportation industry

10,000 t
standard coal China Energy Statistical Yearbook

Output
indicators

Desirable
output

Gross production of the
transportation industry

RMB 100
million China Statistical Yearbook

Comprehensive converted turnover
of the transportation industry

100 million ton
kilometer China Statistical Yearbook

Undesirable
output

CO2 mission of the transportation
industry 10,000 t

China Energy Statistical Yearbook, 2006 IPCC
Guidelines for National Greenhouse Gas

Inventories

Table 2: Conversion coefficients used in comprehensive concerted
turnover.

Transportation
mode Railway Road Waterway Air

Conversion
coefficient 1 1/10 1/3 (for seats) and 1

(for sleepers) 1/13
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grouping dummy variable and the phasing dummy variable;
Xit is a control variable; ct is the time fixed effect; μi is the
region fixed effect; and εit is the random error.

4.2.2. Variables and Data. Due to the lack of relevant data in
Tibet, Hong Kong, Macao, and Taiwan, the panel data of 30
provinces and cities in China from 2007 to 2018 except for
the above regions were collected in the study. +e selected
variables and data sources are as follows:

(1) Explained variable UEit:
Based on the purpose of this paper, the unified
economic and environmental efficiency of trans-
portation infrastructure was selected as the explained
variable. Its value was obtained by measurement
using the RAM model.

(2) Core explanatory variable silkroadi ∗ postt:
An interaction between the grouping dummy vari-
able and the phasing dummy variable was taken as
the core explanatory variable. +e variable silkroadi

is a dummy variable used to determine whether
region i is along the routes. It is set to 1 if region i is
along the routes, or otherwise it is set to 0; the
variable postt is a dummy variable used to determine
whether the Belt and Road Initiative has been pro-
posed by the tth year. Since the Initiative was pro-
posed in 2013, it is set to 1 for all the years after 2013
(included) and to 0 for all the years before 2013.

(3) Control variable:
When considering the effects of the Belt and Road
Initiative on the unified economic and environ-
mental efficiency of transportation infrastructure, it
is necessary to control the factors that affect the input
and output levels of transportation infrastructure.
Combined with previous studies [46, 51, 52], the
control variable Xit included the following: the scale
of the transportation industry (tid), expressed as the
value added of the industry and adjusted to a con-
stant-price value taking 2007 as the base period based
on the index of value added of the service sector to

exclude the effect of the price factor; transportation
structure (ts), expressed as the ratio of the converted
turnover of road transportation to the comprehen-
sive converted turnover of the transportation in-
dustry; urbanization level (urb), expressed as the
ratio of nonagricultural population to the total
population of a region; opening-up level (open),
expressed as the ratio of the total volume of import
and export to the GDP of the same year; population
employed in the industry (pop), expressed as the
number of persons employed in the transportation
industry; and density of transportation network
(tnd), expressed as the ratio of the sum of total
railway length, road length, and inland waterway
length to the total land area of the province or city
concerned. Among these, data of tid, ts, and pop
come from China Statistical Yearbook; data of urb
come from China Population and Employment
Statistics Yearbook; data of open come from the
Statistical Yearbook of each region; and data of tnd
come from China Statistical Yearbook and China
Statistical Yearbook for Regional Economy.

4.3. Mediation Models. In order to further investigate
whether the implementation of the Belt and Road Initiative
can improve the unified economic and environmental ef-
ficiency of transportation infrastructure through trans-
forming and upgrading the industrial structure, this paper
set up mediation models that take the status of the industrial
structure transformation and upgrade as the mediating
variable.

4.3.1. Setup of Mediation Models. Considering that this
paper measured the transformation and upgrade of the
industrial structure from two dimensions, the level of su-
pererogation of industrial structure and the level of
rationalization of industrial structure, parallel multiple
mediation models were set up in this paper. +e established
models are shown as

Upgradeit � σ0 + σ1silkroadi ∗ postt + σ2Xit + ct + μi + εit, (10)

Rationit � z0 + z1silkroadi ∗ postt + z2Xit + ct + μi + εit, (11)

UEit � δ0 + δ1silkroadi ∗ postt + δ2Upgradeit + δ3Rationit + δ4Xit + ct + μi + εit. (12)

In the above models, two mediating variables Upgradeit

and Rationit, are, respectively, the level of supererogation
and the level of rationalization in the tth year in region i. +e
meanings of other variables are the same as in model 9. +e
mediation effect of the level of supererogation is σ1δ2 while
the mediation effect of the level of rationalization is z1δ3.
+erefore, the total mediation effect can be obtained by

adding the two effects, which is σ1δ2 + z1δ3. In addition, the
direct effect of the Belt and Road Initiative on the unified
economic and environmental efficiency of transportation
infrastructure is δ1.

Explanation of mediating variables: (1) the level of su-
pererogation of industrial structure is a measurement of
industrial structure upgrade. Specifically, it refers to the shift
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of industrial structure from low-end to middle and high-end
level, which can be manifested in the transition from the
primary sector to the secondary and tertiary sector, the
evolution of labor and capital-intensive industries to
knowledge- and technology-intensive industries, and the
shift from low-value-added industries to high-value-added
industries.+is paper uses the ratio of the output value of the
tertiary industry to the output value of the secondary in-
dustry to reflect the level of supererogation. (2) +e level of
industrial structure rationalization is a measurement of the
coordination capacity and the level of correlation among the
three major industries. Specifically, it refers to the process by
which higher economic outputs are ultimately generated by
rationally allocating production factors and coordinating
industry development under the existing resources and
technological conditions. In this paper, the industrial
structure rationalization was measured with reference to
existing methods using the +eil index [53]. +e formula
used in the calculation is Rationit � 

3
m�1 Ymit/Yit ln

((Ymit/Lmit)/(Yit/Lit)), where Ymit and Lmit are, respectively,
the output value and number of employees of industry m in
the tth year of region i. +e+eil index reflects the industrial
structure and employment structure of three major indus-
tries. If the index is 0, the industrial structure in the region is
at a balanced level. Conversely, the industrial structure is
unbalanced and irrational. Considering that the industrial
structure rationalization level calculated by the+eil index is
a reverse index, in order to facilitate analysis, this paper
adopts the range transformation method to forward the
industrial structure rationalization level. +e specific sam-
ples and years of the two variables are selected as above, and
the data required for the calculation comes from the China
Statistical Yearbooks and statistical yearbooks of various
provinces and cities.

4.3.2. Methods to Test Mediation. Two main approaches are
commonly applied to assess and test mediation. +e first
approach is called the product of coefficients (that is to test
H0: ab � 0), and the second is called the difference of co-
efficients approach (that is to test H0: c − c′ � 0). For spe-
cific definitions about a, b, c, and c′, see relevant literature
[54], which will not be discussed in this paper. Since the type
I error rate of the difference of coefficients approach is
significantly higher than that of the product of coefficients,
the difference of coefficients approach is rarely discussed
now [55, 56]. +e product of coefficients approach can be
divided into direct testing or indirect testing. Indirect testing
is to indirectly test the significance of the product of the
coefficients ab by sequentially testing the significance of the
regression coefficients a and b. Direct testing is to directly
test the significance of the coefficient product ab. Direct
testing methods include Sobel test, Monte Carlo Method
(MCMC), and Bootstrap method. +e advantages and dis-
advantages of the above-mentioned methods are all dis-
cussed as follows: Sequential testing method has a low type I
error rate but the testing power is relatively low [57]; the
Sobel method has a higher testing power than sequential
testing, but the main limitation lies in the fact that the

significance can be determined only when the distribution of
the product of the coefficients is normal at large sample sizes.
Even if each coefficient obeys a normal distribution, the
product of the coefficients is not usually normal [58–60].
Although the MCMC method has a higher testing power
than the Sobel method, it requires more statistical knowl-
edge and complex algorithms and also involves prior dis-
tribution, which is controversial [61, 62]; the Bootstrap
method not only has a higher testing power than the Sobel
method but also can better replace the Sobel method as it
does not require a normal distribution of product of the
coefficients [57, 60]. In the consideration of the advantages
and disadvantages of various methods of the product of
coefficients approach, some scholars suggested carrying out
the sequential testing first. If the test result is obvious, it can
be proved that there is a mediation effect. +is is because the
testing power of the sequential testing method is the lowest
among all methods. If the mediation effect is tested to be
significant, the result is very convincing. However, if the test
result is not obvious, the Bootstrap method with the highest
testing power will be used instead [63]. +e above test steps
can be better applied to a simple mediation effect test with a
single mediating variable. Since the multiple mediation
models involve more variables and the paths are more
complex, it is more ideal to directly use the Bootstrap
method to test multiple mediation effects. In summary, this
paper first estimated the models from (10) to (12), conducted
a preliminary analysis of the mediation effects based on the
estimated results, and then used the Bootstrapmethod to test
the significance of individual mediation effects and the
overall mediation effect.

5. Results and Discussion

5.1. Unified Economic and Environmental Efficiency of
Transportation Infrastructure

5.1.1. Calculation Results of Efficiency. According to for-
mulas (1)–(8), the software MAXDEA was used to measure
the economic efficiency, environmental efficiency, and unified
efficiency of transportation infrastructure in various regions
in China. +e average values of the three types of efficiency
from 2007 to 2017 are shown in Table 3.+e results show that
the average values of the economic, environmental, and
unified efficiency of transportation infrastructure nationwide
were, respectively, 0.902, 0.657, and 0.900, indicating that
although development of transportation infrastructure has
benefited more the economy than the environment in China,
the economic development and the carbon emission resulting
from transportation infrastructure tend to show a benign
coupling. For different regions, the average values of eco-
nomic efficiency in regions not along the routes and those
along the routes were, respectively, 0.904 and 0.900; the
average values of environmental efficiency were, respectively,
0.620 and 0.685; and the average values of unified efficiency
were, respectively, 0.904 and 0.898. +is indicates that the
development of transportation infrastructure in regions not
along the routes has brought good economic benefits; the
development of transportation infrastructure in regions along
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the routes has brought less environmental pollution; in
comprehensive consideration of economic development and
environmental protection, the development of transportation
infrastructure in regions not along the routes has achieved
better that those along the routes, but the difference is not big
and the development of the regions along the routes has
started catch up. In summary, the implicit assumption of
economic efficiency is that there is no environmental regu-
lation, which only focuses on economic benefits and ignores
environmental pollution. Environmental efficiency refers to
the performance after the implementation of energy-saving
and carbon-reducing environmental regulations. It was ob-
viously one-sided to use economic efficiency or environ-
mental efficiency alone as a measure of the level of
transportation infrastructure investment. Moreover, when
economic efficiency was used as a measure, the level of in-
vestment in transportation infrastructure was often over-
estimated, and when environmental efficiency was used as a
measure, the level of investment in transportation infra-
structure was often underestimated. +erefore, we used the
additive structural characteristics of the RAM model to in-
tegrate economic efficiency and environmental efficiency into
a unified framework for addition, so that we could evaluate

the real investment level of China’s transportation infra-
structure more comprehensively and accurately.

5.1.2. Temporal Trending of Efficiency. In order to under-
stand the changes in the three types of efficiency of trans-
portation infrastructure at the national and regional levels
before and after the Belt and Road Initiative was proposed,
the temporal trending of the three types was analyzed. In
terms of the economic efficiency of transportation infra-
structure, as shown in Figure 2, the overall economic effi-
ciency of the country from 2007 to 2018 tended to go up,
with phased changes. Among them, the economic efficiency
dropped remarkably in 2009 possibly because the Chinese
government spent RMB 4000 billion in the construction of
transportation infrastructure to drive economic growth and
alleviate the impact of the international financial crisis while
economic growth of the industry was not obvious due to the
lag of economic policies, resulting in redundant capital
investment and reduced economic efficiency. +e economic
efficiency steadily increased from 2010 to 2012 possibly
because the value added of transportation and the com-
prehensive converted turnover increased rapidly after 2010.

Table 3: Average values of three types of transportation infrastructure efficiency in China, 2007-2018.

Region EE CE UE

Regions not along the Belt and Road

Beijing 0.744 0.554 0.756
Tianjin 0.979 0.842 0.981
Hebei 1.000 0.587 1.000
Shanxi 0.909 0.718 0.907
Jiangsu 0.965 0.401 0.961
Anhui 0.969 0.751 0.973
Jiangxi 0.930 0.809 0.933

Shandong 0.950 0.264 0.944
Henan 0.919 0.573 0.918
Hubei 0.787 0.510 0.771
Hunan 0.878 0.650 0.872
Sichuan 0.767 0.564 0.777
Guizhou 0.955 0.835 0.953

Regional mean 0.904 0.620 0.904

Regions along the Belt and Road

Inner Mongolia 0.872 0.633 0.863
Liaoning 0.848 0.431 0.820
Jilin 0.901 0.826 0.909

Heilongjiang 0.839 0.706 0.847
Shanghai 1.000 0.348 1.000
Zhejiang 0.865 0.510 0.850
Fujian 0.898 0.651 0.900

Guangdong 0.877 0.011 0.865
Guangxi 0.866 0.719 0.865
Hainan 0.972 0.957 0.971

Chongqing 0.856 0.739 0.864
Yunnan 0.796 0.691 0.796
Shaanxi 0.848 0.708 0.853
Gansu 0.967 0.903 0.966
Qinghai 0.998 0.998 0.998
Ningxia 1.000 1.000 1.000
Xinjiang 0.905 0.818 0.899

Regional mean 0.900 0.685 0.898
Mean for all regions 0.902 0.657 0.900

Note. EE: economic efficiency; CE: environmental efficiency; UE: unified efficiency.
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+e economic efficiency declined slightly in 2013 possibly
because the Chinese economy entered the “new normal”
stage with the implementation of a series of economic re-
forms and industrial upgrading, leading to a decrease in the
economic efficiency of China’s transportation infrastructure.
After 2013, the economic efficiency grew steadily possibly
because of the effects of economic reforms and proposal of
the Belt and Road Initiative. In terms of regions, the general
trending of economic efficiency of transportation infra-
structure in regions not along the routes and that of those
along the routes was similar to that of the countries at large,
but the economic efficiency of regions not along the routes
was higher than that of regions along the routes before 2013,
mainly because these regions include the more developed
provinces in central and eastern China. +e economic ef-
ficiency of transportation infrastructure of the regions along
the routes, covering relatively underdeveloped western
provinces, was low, but it is surprising that this has changed
since 2013. +e economic efficiency of transportation in-
frastructure of the regions along the routes has started to
exceed that of regions not along the routes, which is likely to
be attributed to the Belt and Road Initiative.

In terms of environmental efficiency of transportation
infrastructure, it can be seen from Figure 3 that the overall
national environmental efficiency from 2007 to 2018 showed
a steady trend, but the efficiency was not at a high level,
which indicates that the industry has a great potential for
energy conservation and emission reduction. +is trend
possibly resulted from the fact that the continuous con-
struction and improvement of transportation infrastructure,
with policy support, contributed to rapid development of the
transportation industry, resulting in a leap in energy con-
sumption and negative impacts on the environment. At the
same time, in order to achieve the targets of energy con-
servation and emission reduction of the transportation in-
dustry, China has taken a number of measures, including
construction of large-scale transportation infrastructure to
alleviate air pollution caused by traffic congestion, estab-
lishment and improvement of a well-structured

comprehensive transportation system with different modes
complementing each other to reduce emissions, reduction of
energy consumption and promotion of the use of clean
energy in the transportation industry, and vigorous devel-
opment of the new energy vehicle industry. Although some
achievements have been made in energy conservation and
emission reduction, they have been offset by the negative
environmental impacts resulting from operation of large-
scale transportation infrastructure in recent years, and
therefore the overall environmental efficiency across the
country has not changed much. For different regions, the
general trends of environmental efficiency of transportation
infrastructure in regions not along the routes and those
along the routes were similar to those of the country at large.
However, the environmental efficiency of the regions along
the routes has always been higher than those not long the
line and the national average. It is possibly because of the low
level of energy-saving technology as a whole in regions not
along the routes, many of which depend more on road
transportation, such as Hebei, Shandong, Henan, and
Sichuan. In addition, the western regions of China, including
Gansu, Qinghai, Ningxia, and Xinjiang, have higher levels of
environmental efficiency of transportation infrastructure,
which has contributed to the overall environmental devel-
opment of the regions along the routes. Energy consumption
and CO2 emission of the transportation industry in western
China are both much lower than other regions despite the
limited input into transportation infrastructure due to its
smaller population and underdeveloped economy, and
therefore the environmental efficiency calculated based on
the input/output ratio is relatively high in western China.

In terms of unified efficiency of transportation infra-
structure, Table 3 and Figure 4 show that, under the unified
effects of economic and environmental efficiency, the overall
national unified efficiency from 2007 to 2018 tended to go up
with fluctuations. +e average unified efficiency was 0.9,
indicating that economic growth and carbon emission re-
duction in relation to transportation infrastructure tended to
be in positive coupling in China. In general, the unified

0.850

0.870

0.890

0.910

0.930

0.950

0.970

0.990

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Th
e e

co
no

m
ic

 ef
fic

ie
nc

y 
of

tr
an

sp
or

ta
tio

n 
in

fr
as

tr
uc

tu
re

Regions not along the Belt and Road
Regions along the Belt and Road
All regions of the country

Figure 2: Trending in economic efficiency of transportation infrastructure.

Complexity 11



efficiency from 2007 to 2018 fluctuated mostly in the same
way as the economic efficiency, indicating that economic
efficiency played a dominant role in this period. For different
regions, the unified efficiency showed a phased tend. From
2007 to 2012, the unified efficiency in regions not along the
routes was always higher than that in regions along the
routes, but the latter exceeded the former from 2013 to 2015.
It is possibly because the Belt and Road Initiative proposed
in 2013 promoted the development of the transportation
infrastructure in regions along the routes, which led to rapid
economic growth resulting in an increase in the unified
efficiency. In addition, the environmental efficiency of many
provinces along the routes was always at a high level, which
also contributed to a high unified efficiency. From 2016 to
2018, the unified efficiency of regions not along the routes
was close to that of regions along the routes possibly because
the economic and environmental development of the re-
gions along the routes had a spillover effect on surrounding

regions. In summary, by analyzing the trends in the eco-
nomic efficiency, environmental efficiency, and unified ef-
ficiency of transportation infrastructure at the national and
regional levels, it may be concluded that the Belt and Road
Initiative may have contributed to the improvement of the
unified efficiency of transportation infrastructure in regions
along the routes, but the conclusion needs to be empirically
tested later.

5.2. Effects of the Belt and Road Initiative on the Unified
EconomicandEnvironmentalEfficiencyofTransportation
Infrastructure

5.2.1. DID Model Estimation Result. In this paper, Stata 15.0
was used to estimate model (9).+e specific estimation results
are shown in Table 4. Columns (1) and (2) are, respectively,
the estimated results before and after control variables are
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Figure 3: Trending in environmental efficiency of transportation infrastructure.
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added. It can be seen that when no control variable is added,
coefficient silkroad∗ post is positive with no significance.
After control variables are added, coefficient silkroad∗ post is
significantly positive at the 10% level. It can be found based on
the model’s R-squared value that the model can better in-
terpret the assumptions after control variables are added.
+erefore, it can be shown that the Belt and Road Initiative
has a positive effect on the improvement of the unified
economic and environmental efficiency of transportation
infrastructure. +erefore, Assumption 1 is verified. Among
the control variables, the development scale of the trans-
portation industry and the density of the transportation
network have a significant role in improving the unified
economic and environmental efficiency of transportation
infrastructure. +e possible reason is that the demands for
development have increased the investment level of trans-
portation infrastructure to a certain extent, which further
increases the output efficiency. +e employed population has
a significant negative effect. +e possible reason is that the
number of employed people in the existing transportation
industry cannot meet the development needs of the industry,
thereby reducing output efficiency; in addition, the effects of
transportation structure, urbanization level, and opening-up
level are not significant, indicating that they have no sig-
nificant impact on the unified economic and environmental
efficiency of transportation infrastructure.

5.2.2. Robustness Test. +e above model estimation results
show that the Belt and Road Initiative has a positive effect on
the improvement of the unified economic and environ-
mental efficiency of transportation infrastructure. In order
to ensure the credibility of the results, it is necessary to
conduct robustness tests to exclude other assumptions. +e
specific tests that are conducted are shown as follows.

(1) Parallel trend test:

To use the DID method, an important assumption
should be met to ensure that the estimation result of
model (9) is accurate; that is, the treated group and
the control group should have the same trend before
a policy event occurs. +erefore, a parallel trend test
was conducted on the trends of the treated group and

control group before 2013 when the Belt and Road
Initiative was proposed. In the paper, the interaction
coefficients of each year were compared by a DID
model. +e DID model established is shown as

UEit � β0 + βk 

3

k≥−3
silkroadi ∗ year2013+k + αXit + ct

+ μi + εit.

(13)

In the above model, year2013+k is a year dummy
variable, which is 1 for observation made in the
current year and 0 for observation made in other
years; other variables in the formula have the same
meanings as those in model (9). +e interaction
coefficients in model within three years before and
after the Initiative was proposed were compared to
test whether the treated groups and the control
group were in a parallel trend. +e results were
plotted using the coefplot command of Stata, as
shown in Figure 5. +e results show that the in-
teraction coefficients before 2013 were all negative
numbers fluctuating near 0 with no significance,
indicating that the treated group and the control
group had the same trend before the proposal of the
Belt and Road Initiative. In 2013 and afterwards, the
interaction coefficients increased and were signifi-
cantly positive, indicating that the trend of the
treated group increases more significantly than that
of the control group. +erefore, the samples have
passed the parallel trend test.

(2) Placebo test 1, counterfactual test:

In order to test the robustness of the estimation re-
sults, a counterfactual test was conducted, where the
proposal time of the Belt and Road Initiative was
changed. Specifically, it was assumed that the Belt and
Road Initiative was proposed one to three years ahead
of time to test whether there would still be a significant
effect on the unified economic and environmental
efficiency of transportation infrastructure. +e results

Table 4: Effects of the Belt and Road Initiative on the unified economic and environmental efficiency of transportation infrastructure.

Explanatory variable (1) (2)
Silkroad∗ post 0.0233 (0.0187) 0.0268∗ (0.0146)
Tid 0.0571∗∗∗ (0.0092)
Ts 0.0145 (0.0265)
Urb −0.0106 (0.0485)
Open −0.0028 (0.0240)
Pop −0.1351∗∗∗ (0.0097)
Tnd 0.0647∗∗∗ (0.0111)
Constant 0.9017∗∗∗ (0.0061) 2.0862∗∗∗ (0.0754)
Time fixed effect Yes Yes
Region fixed effect Yes Yes
Observations 360 360
R2 0.0165 0.4079
Note: the standard error is shown in parentheses. ∗, ∗∗, and ∗∗∗indicate, respectively, a significance level of 10%, 5%, and 1%.
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are shown in Table 5. Columns (1) to (3) in the table
show the estimation results when the Belt and Road
Initiative was assumed to be proposed in 2010, 2011,
and 2012. +e coefficients of the variable
silkroad∗ post are, respectively, 0.0155, 0.0183, and
0.0216, with no statistical significance. +erefore, ef-
fects of other policies or random factors on the unified
economic and environmental efficiency of trans-
portation infrastructure may be excluded.

(3) Placebo test 2, randomly sampled treated group:
In order to test whether the estimation results are
biased due to missing variables, a placebo test on the
results of the study was conducted by randomly
sampling regions along the routes. 17 regions were
selected randomly from the 30 regions to form a false
treated group, and the remaining regions formed a
false control group. +e grouping dummy variable
silkroadfalsei was thus established for the placebo test,
followed by an initiative dummy variable
silkroadfalsei ∗ postt. Since the false treated group is
randomly formed, the initiative dummy variable for
the placebo test should not have significant impact
on the dependent variables in model (9), i.e.,
βfalse1 � 0. In other words, the estimated coefficient of
βfalse1 would not deviate significantly from zero if
there are no significant deviations due to missing
variables. Otherwise, significant deviation of the
estimated coefficient of βfalse1 from zero would in-
dicate errors in the model setup. At the same time, in
order to prevent interference of small probability
events in the estimation, we repeated the above
generation process of the treated group for 1,000
times for regression analysis. +e kernel density of
the estimated coefficients and distribution of the
corresponding p values of 1,000 randomly generated
treated groups are shown in Figure 6. It can be seen
from Figure 6 that the mean regression coefficient
was near 0 and most p values were greater than 0.1.
At the same time, the actual estimated coefficient
represented by the vertical in the figure was

obviously abnormal compared with the estimated
coefficient in the placebo test. In summary, the es-
timation results did not have severe errors due to
missing variables.

5.2.3. Analysis on Regional Heterogeneity. In order to fur-
ther investigate whether the effects of the Belt and Road
Initiative on the improvement of the unified economic and
environmental efficiency of transportation infrastructure are
regionally heterogeneous, this paper divided the provinces
and cities into three groups: eastern, central, and western
regions and conducted regression tests for each group. +e
specific results are shown in Table 6. +e effects of the Belt
and Road Initiative on the improvement of the unified
economic and environmental efficiency of transportation
infrastructure show obvious regional heterogeneity, which is
specifically manifested as significant positive effects in the
eastern region while showing negative effects in the central
and western regions. +e possible reason is that the eco-
nomic base and economic openness vary across regions. +e
eastern region has a relatively developed economy and a
relatively high degree of economic openness. After the Belt
and Road Initiative was put forward, vigorous development
of transportation infrastructure has further expanded the
economic and trade level of the eastern region. +erefore,
the implementation of the Belt and Road Initiative has a
significant role in improving the unified economic and
environmental efficiency of transportation infrastructure in
the eastern region along the routes. In contrast, due to the
relatively backward economy and a low degree of economic
openness in the central and western regions, on the one
hand, the backward transportation infrastructure has been
greatly improved after the Belt and Road Initiative was put
forward, but the level of development is still lagging behind.
+erefore, even if new development opportunities are cre-
ated for the regions, the current development level of
transportation infrastructure still cannot meet the demands
for regional economic and trade development, which may
inhibit the regional development to some extent. On the
other hand, even if the transportation infrastructure is
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Figure 5: Interaction coefficients in different years.
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developed at a large scale and meets the demands for re-
gional economic and trade development, due to the time lag
of transportation infrastructure investment, it is still difficult
to effectively drive the rapid development of local economy
and trade in a short term. As a result, in central and western
regions along the routes, the unified economic and envi-
ronmental efficiency of transportation infrastructure cannot
be improved by the Belt and Road Initiative for now.

5.3.MediationMechanismof theTransformationandUpgrade
of Industrial Structure

5.3.1. Estimation Result of Mediation Models. +e estimated
results of the parallel multiple mediation models are shown
in Table 7. Column (1) takes the level of industrial structure

supererogation as the explained variable, and the estimated
coefficient of the initiative dummy variable is significantly
positive when the significance level is below 1%, indicating
that the Belt and Road Initiative facilitated the superero-
gation of the regional industrial structure.+e Belt and Road
Initiative, on the one hand, encourages Chinese market
players to increase R&D investment and strengthen their
innovation capabilities so as to gain market opportunities;
on the other hand, it advances China’s technology by in-
troducing advanced foreign technologies, equipment, and
management experience, thereby helping to achieve the
optimization and upgrade of industrial structure. Column
(2) takes the level of industrial structure rationalization as
the explained variable, and the estimated coefficient of the
initiative dummy variable is significantly positive when the
significance level is below 10%, indicating that the Belt and

Table 5: Effects of the Belt and Road Initiative on unified efficiency of transportation infrastructure assuming that the Initiative was
proposed ahead of time.

Explanatory variable (1) (2) (3)
Silkroad∗ post 0.0155 (0.0182) 0.0183 (0.0160) 0.0216 (0.0147)
Constant 1.8598∗∗∗ (0.0752) 1.9488∗∗∗ (0.0763) 2.0922∗∗∗ (0.0772)
Control variable Yes Yes Yes
Time fixed effect Yes Yes Yes
Region fixed effect Yes Yes Yes
Observations 360 360 360
R2 0.3322 0.3621 0.4144
Note: the standard error is shown in parentheses. ∗, ∗∗, and ∗∗∗indicate, respectively, a significance level of 10%, 5%, and 1%.
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Figure 6: Estimated coefficients and p values of a treated group randomly sampled.

Table 6: Regional differences in the effects of the Belt and Road Initiative on the unified economic and environmental efficiency of
transportation infrastructure.

Indicator Eastern region Central region Western region
Silkroad∗ post 0.0618∗∗ (0.0238) −0.0344 (0.0238) −0.0146 (0.0188)
Constant 2.0008∗∗∗ (0.1290) 1.8901∗∗∗ (0.2707) 2.1573∗∗∗ (0.0744)
Control variable Yes Yes Yes
Time fixed effect Yes Yes Yes
Region fixed effect Yes Yes Yes
Observations 132 96 132
R2 0.5338 0.5133 0.7659
Note: the standard error is shown in parentheses. ∗ , ∗∗ , and ∗∗ ∗ indicate, respectively, a significance level of 10%, 5%, and 1%.
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Road Initiative has boosted the rationalized development of
the regional industrial structure.+e Belt and Road Initiative
has established a new platform for exchange and cooperation
in various fields for various regions. It not only relieves the
problem of domestic overcapacity and realizes the rational
allocation of production factors by stimulating domestic and
foreign market demands, but also accelerates the adjustment
of domestic industrial structure by taking advantage of
industrial complementarity, realizing the rational layout and
coordinated development of industries. Column (3) takes
the unified economic and environmental efficiency of
transportation infrastructure as the explained variable. +e
estimated coefficients of the initiative dummy variable and
the industrial structure rationalization level are significantly
positive when the significance level is below 10% and 5%,
respectively, while the estimated coefficient of the industrial
structure supererogation level is positive but no significant,
which shows that the Belt and Road Initiative and the in-
dustrial structure rationalization have enabled the im-
provement of the unified economic and environmental
efficiency of transportation infrastructure, while the in-
dustrial structure supererogation level has no positive ef-
fects. From the perspective of industrial structure, the
possible reasons could be the following: On the one hand,
with our economy becomes more and more market-ori-
ented, the industrial structure rationalization level is also
high. +e coordinated development of industries cannot be
separated from the rational allocation of production factors,
while the allocation of production factors is inseparable from
the improvement of transportation infrastructure, which
further drives investment into transportation infrastructure.
Transportation infrastructure later effectively boosts re-
gional economic growth through stimulating demands and
lowering transaction costs and at the same time speeds up
the knowledge flow and technological innovation by de-
veloping low-carbon transportation and exerting its tech-
nology spillover benefits, thereby forming a high-tech low-
carbon industry cluster and actively promoting the regional
environmental development. In summary, the industrial
structure rationalization has a positive role in improving the
unified economic and environmental efficiency of trans-
portation infrastructure. On the other hand, the core mo-
tivation for industrial structure supererogation lies in

technological innovation, but the current lack of indepen-
dent innovation capabilities weakens the core competi-
tiveness of Chinese enterprises, which prevents, to a certain
extent, the industrial value chain from shifting from low end
to high end. From the perspective of resource reallocation,
the large-scale development of the industry requires com-
plete transportation infrastructure as a support. However,
obviously, the current level of industrial structure super-
erogation has not significantly improved the unified eco-
nomic and environmental efficiency of transportation
infrastructure. From this point of view, the industrial
structure supererogation level has not yet been able to
positively facilitate the improvement of the unified efficiency
of transportation infrastructure. +e estimated results in
columns from (1)–(3) indicate that the Belt and Road Ini-
tiative can at least improve the unified economic and en-
vironmental efficiency of transportation infrastructure by
promoting the rationalization of the industrial structure.+e
Bootstrap method needs to be used to verify the significance
of mediation paths.

5.3.2. Test on Mediation Effect Significance. +is paper uses
the bias-corrected percentile Bootstrap method to test the
significance of the mediation effect. Specifically, in this
paper, Bootstrap samples were obtained by resampling
2000 times. If a 95% confidence interval corresponding to
the mediation effect does not include 0, the mediation effect
is significant. +e specific test results are shown in Table 8.
It can be seen that the overall mediation effect is 0.0098 and
the corresponding confidence interval does not include 0,
indicating that the overall mediation effect is significant.
+is result indicates that it is reasonable to use both the
supererogation level and the rationalization level of in-
dustrial structure as mediating variables. +e Belt and Road
Initiative can improve the unified economic and envi-
ronmental efficiency of transportation infrastructure by
advancing and rationalizing the industrial structure. +at
is, the implementation of the Belt and Road Initiative can
improve the unified efficiency of transportation infra-
structure by transforming and upgrading the industrial
structure. +erefore, Assumption 2 is verified. +e medi-
ation effects of the industrial structure supererogation level

Table 7: Estimation results of multiple mediation models.

Explanatory variable
Explained variable

Upgrade Ration UE
(1) (2) (3)

Silkroad∗ post 0.2221∗∗∗ (0.0223) 0.0211∗ (0.0118) 0.0084∗(0.0043)
Upgrade 0.0044 (0.0049)
Ration 0.0419∗∗ (0.0140)
Constant 3.4712∗∗∗ (0.2634) 0.3858∗∗∗ (0.0688) 1.9277∗∗∗ (0.1773)
Control variable Yes Yes Yes
Time fixed effect Yes Yes Yes
Region fixed effect Yes Yes Yes
Observations 360 360 360
R2 0.2186 0.6822 0.3877
Note: the standard error is shown in parentheses. ∗ , ∗∗ , and ∗∗ ∗ indicate, respectively, a significance level of 10%, 5%, and 1%.
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and rationalization level are 0.0011 and 0.0088, respec-
tively, but the confidence interval corresponding to the
effect of the former includes 0 while that of the latter does
not. +is indicates that the individual mediation effect of
the industrial structure supererogation level is not signif-
icant but that of the industrial structure rationalization
level is the opposite. +e result shows that the Belt and
Road Initiative improves the unified economic and envi-
ronmental efficiency of transportation infrastructure by
mainly promoting the rationalization of the industrial
structure.

5.3.3. Robustness Test. In order to ensure the reliability of
the empirical results, this paper conducted a robustness
test and retested the mediation effect by replacing the
measurement indicators of mediating variables. +e in-
dustrial structure supererogation level was measured with
reference to existing methods using the hierarchy coef-
ficient [64]. +e formula used in the calculation is
Upgradeit � 

3
m�1 ymit × i , where ymit is the ratio of the

output value of industrym in the tth year of region i to the
local GDP in the same year. A larger hierarchy coefficient
indicates a higher level of industrial structure superero-
gation.+e level of industrial structure rationalization was
measured with reference to existing methods using the
industrial structure deviation [65]. +e formula used in

the calculation is Rationit � 
3
m�1 |Ymit/Lmit/Yit/Lit − 1| �


3
m�1 |Ymit/Lmit/Yit/Lit − 1|, where Ymit and Lmit are, re-

spectively, the output value and number of employees of
industry m in the tth year of region i. A greater deviation
indicates a less rational industrial structure. Similarly, the
range transformation method was used to forward the
industrial structure rationalization level. +e specific test
results are shown in Tables 9 and 10. It can be seen that,
compared with Table 7, only estimated coefficients of
main variables were changed slightly and there were no
significant changes in the sign and significance of esti-
mated coefficients in Table 9. Bootstrapping samples were
also obtained by sampling for the same number of times.
+e significance of the individual mediation effect and
overall mediation effect on Table 10 was consistent with
those in Table 8. +erefore, the study conclusions of this
paper are relatively robust.

6. Conclusions

In order to carry out a series of the Belt and Road cooperation
between countries along the routes, interconnectivity of
transportation infrastructure needs to be regarded as the
prerequisite and basis. +e improvement of transportation
infrastructure can encourage countries along the routes to
participate in the Belt and Road cooperation and drive their
development in various fields. To examine the comprehensive

Table 8: Mediation effect results obtained by the Bootstrap method.

Estimated value Standard error Z-statistic p value
95% confidence interval

Lower limit Upper limit
Mediation effect of the supererogation level 0.0011 0.0032 0.33 0.738 −0.0052 0.0074
Mediation effect of the rationalization level 0.0088 0.0040 2.21 0.027 0.0010 0.0166
Overall mediation effect 0.0098 0.0042 2.32 0.020 0.0015 0.0182

Table 9: Estimated results of multiple mediation models for robustness test.

Explained variable

Explanatory variable Upgrade Ration UE
(1) (2) (3)

Silkroad∗ post 0.2726∗∗∗ (0.0218) 0.0209∗ (0.0117) 0.0117∗∗ (0.0041)
Upgrade 0.0157 (0.0089)
Ration 0.0387∗∗∗ (0.0119)
Constant 3.8871∗∗∗ (0.2640) 0.4059∗∗∗ (0.0688) 2.2814∗∗∗ (0.1398)
Control variable Yes Yes Yes
Time fixed effect Yes Yes Yes
Region fixed effect Yes Yes Yes
Observations 360 360 360
R2 0.3086 0.6834 0.4722
Note: the standard error is shown in parentheses. ∗ , ∗∗ , and ∗∗ ∗ indicate, respectively, a significance level of 10%, 5%, and 1%.

Table 10: Mediation robustness test results by using the Bootstrap method.

Estimated value Standard error Z-statistic p value
95% confidence interval

Lower limit Upper limit
Mediation effect of the supererogation level 0.0059 0.0044 1.35 0.176 −0.0026 0.0144
Mediation effect of the rationalization level 0.0079 0.0036 2.21 0.027 0.0008 0.0150
Overall mediation effect 0.0138 0.0050 2.77 0.006 0.0040 0.0236
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effects that the Belt and Road Initiative has on the economy
and environment by promoting the transportation infra-
structure construction, this paper takes China as the study
subject, evaluates the effects of the Belt and Road Initiative on
the unified economic and environmental efficiency of
transportation infrastructure, and analyzes the mediating role
played by the transformation and upgrade of the industrial
structure. +e results show that, first, the Belt and Road
Initiative has different effects on the unified economic and
environmental efficiency of transportation infrastructure.
Nationally, the Belt and Road Initiative has a positive role in
improving the unified economic and environmental efficiency
of transportation infrastructure. Regionally, the Belt and Road
Initiative has positive effects on improving the unified eco-
nomic and environmental efficiency of transportation in-
frastructure in the developed eastern region, while having no
effect on the underdeveloped central and western regions.
Second, the Belt and Road Initiative can significantly improve
the unified economic and environmental efficiency of
transportation infrastructure through industrial structure
transformation and upgrade, but only one of the dimensions
of industrial structure transformation and upgrading, which
is the level of industrial structure rationalization, has played a
significant mediating role.

+e policy implications brought by the above conclu-
sions to further take advantage of Belt and Road develop-
ment opportunities and improve the unified economic and
environmental efficiency of transportation infrastructure
include the following:

First, in order to achieve sustainable development, the
country should take advantage of cooperation oppor-
tunities brought by the Belt and Road Initiative and
continue conducting large-scale transportation infra-
structure construction. Based on the above conclusions,
it can be seen that the Belt and Road Initiative can
indeed bring about a positive coupling between eco-
nomic development and carbon emission through
construction of large-scale transportation infrastruc-
ture. +erefore, the vigorous development of trans-
portation infrastructure in the countries along the
routes contributes to sustainable development of those
countries.

Second, the government should increase the con-
struction of transportation infrastructure in underde-
veloped central and western regions to meet the surge
in economic and trade demands generated under the
Belt and Road Initiative. +is can ultimately increase
the positive effects of the Belt and Road Initiative on the
unified economic and environmental efficiency of
transportation infrastructure in those regions.

+ird, the government should strive to improve the
level of industrial structure transformation and up-
grade and achieve a balanced development in the di-
mensions of industrial structure supererogation and
rationalization, so as to increase the positive effects of
the Belt and Road Initiative on the unified economic
and environmental efficiency of transportation

infrastructure. As the core driving force for advancing
the industrial structure supererogation is technological
innovation, the government should support the de-
velopment of high value-added industries and guide
foreign investment in this industry. +e current di-
lemma faced by the rationalized development of in-
dustrial structure lies in the problem of overcapacity.
+erefore, the government’s top priority is to achieve
the rational allocation of production factors by stim-
ulating domestic and foreign market demands. In
addition, the government can open up foreign trade
channels by constructing international free trade zones
in order to facilitate the advanced and rationalized
development of industrial structure.

Compared with previous studies, the main contributions
of this paper are as follows: First, based on the concept of
sustainable development, this paper measured the invest-
ment level of transport infrastructure through the input-
output ratio between transport infrastructure investment
and comprehensive economic and environmental devel-
opment, i.e., through the unified economic and environ-
mental efficiency of transportation infrastructure. Second,
many studies have stated that the Belt and Road Initiative
has an important impact on transportation infrastructure at
the theoretical level. +is paper empirically investigated the
impact of the Belt and Road Initiative on the unified eco-
nomic and environmental efficiency of transportation in-
frastructure in China by building a model. To sum up, this
paper provided a more comprehensive and reasonable
evaluation method for the investment level of transportation
infrastructure from the perspective of sustainable develop-
ment. In addition, this paper provided the empirical evi-
dences to evaluate the implementation effects of the
Initiative in the transportation infrastructure sector and
verifies that countries along the routes can achieve sus-
tainable development through large-scale transportation
infrastructure construction under the Belt and Road Ini-
tiative. In addition to theoretical contributions, this paper
has some shortcomings. First, this paper only took China as
the study subject and did not expand the scope of research to
all other countries along the routes. +erefore, this may lead
to limitations in the research conclusions and the study
subjects need to be expanded in the future. Second, this
paper mainly studied the mediating role played by the
transformation and upgrade in the improvement of the
unified economic and environmental efficiency of trans-
portation infrastructure enabled by the Belt and Road Ini-
tiative. It is necessary to explore other mediating variables in
future studies.
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