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This study investigated the impact of the Belt and Road Initiative (BRI) on reducing
smog pollution in key provinces along the route. Utilizing data from
284 prefecture-level cities in China from 2007 to 2018, this study adopted a
propensity score matching-difference-in-differences approach, and conducted
a series of robustness checks. The results indicate that the BRI has overall reduced
particulate matter with aerodynamic diameter less than 2.5 µm (PM2.5) levels in
key provinces along the route, and robustness checks find consistent results.
Dynamic effect tests reveal a significant reduction in the annual average
PM2.5 levels in key provinces along the route after the BRI was implemented
in 2014. Tests on underlying mechanism find that the BRI mainly reduced
PM2.5 levels in key provinces along the route by promoting technological
innovation and optimizing industrial structure. Furthermore, heterogeneity
tests find that the BRI significantly reduced PM2.5 levels only in cities of key
provinces along the Silk Road Economic Belt, with variations in significance due to
regional differences, city administrative levels, and marketization. In addition, the
BRI has enhanced green total factor productivity in key provinces along the route
by reducing PM2.5 levels. This study enriches research on the economic
consequences of the BRI in terms of environmental protection, and also
provides empirical support for the construction of the green “Belt and Road.”
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1 Introduction

The Belt and Road Initiative (BRI) was proposed in 2013. The initiative aims at
promoting policy coordination and the connectivity of facilities, unimpeded trade, financial
integration, and a people-to-people bond in the international community (The State
Council Information Office of China, 2020). The BRI aims to forge new paths of win-
win cooperation and mutual development through enhanced bilateral and multilateral
relations among participating countries (Huang, 2016). Despite its ambitious goals, the BRI
has been met with skepticism, due to concerns over its potential motives behind China’s
increasing foreign investment and the extensive relocation of China’s production capacities
to participating countries. Critics are concerned that the BRI might result in transfer of
high-polluting, high-carbon-dioxide-emission, and energy-intensive industries to less
developed participating countries along the route, exacerbating environmental pollution
(Li S. et al., 2022; Liu and Ma, 2023).

A great deal of research pertains to the BRI’s effect on economic development in various
aspects of trade, overseas direct investment, financing, industry upgrading, corporate
innovation, and economic growth (Du and Zhang, 2018; Ramasamy and Yeung, 2019;
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Wang and Lu, 2019; Xu S. et al., 2019). However, there have been few
attempts to evaluate the effect of the BRI on China’s environment,
particularly on smog pollution, a severe air pollution problem in
China. Several questions loom especially large. As a developing
country, China have suffered from environmental pollution during
its fast-economic growth. Can the BRI bring about a mitigative effect
on smog pollution and unleash new opportunities for environmental
protection?What is the channel through which the BRI could reduce
smog pollution? Which factors impact the effectiveness of this
initiative? Very little progress has been made in addressing
these issues.

Based on an evaluation of the BRI, this study provides new
evidence of the positive causal link between the BRI and
environmental protection. Specifically, this study evaluates the
BRI’s impact on key provinces along the route, with a focus on
smog pollution. Utilizing a panel dataset of 284 prefectural-level
cities from 2007 to 2018, we examined the causal relationship
between the BRI and smog pollution in a difference-in-
differences (DID) framework. We used the particulate matter
with aerodynamic diameter less than 2.5 µm (PM2.5) levels for
measuring smog pollution. Besides, we investigated technological
innovation and optimization of industrial structure to explore the
underlying mechanism and examined heterogeneity in the effect.
We found that the BRI significantly reduced PM2.5 levels in key
provinces; it reduced PM2.5 levels through promoting technological
innovation and optimizing industrial structure. The BRI’s effect on
reducing PM2.5 levels is more pronounced in key provinces
belonging to the Silk Road Economic Belt, key provinces in
central and western regions, cities of low administrative levels,
and cities of low marketization.

This study’s contributions are reflected in three aspects. First of
all, it enriches research on the impact of the BRI on environment.
This study provides new evidence for the discussion on the link
between the BRI and environmental protection. Besides, we exploit
the underlying path of how the BRI can reduce smog pollution from
the perspective of technological innovation and optimization of
industrial structure, which has not been fully discussed in previous
studies. In addition, we further exploit the economic consequence of
the BRI in reducing smog pollution by examining how promoting
the BRI affects green total factor productivity (GTFP).

The remainder of this paper is organized as follows. Section 2
reviews related literature, introduces the BRI’s institutional
background, and develops the hypothesis. Section 3 describes the
empirical framework, and Section 4 reports the baseline empirical
results and robustness checks. Section 5 is devoted to tests on
underlying mechanism, heterogeneity tests, and further economic
consequences. Section 6 concludes and discusses policy
implications.

2 Related literature and hypothesis
development

2.1 Related literature

Previous research has focused on two main contradicting
viewpoints regarding the impact of the BRI on environment.
Some studies argued that the BRI has a positive impact on

environment. Cao et al. (2021) found that the BRI has a certain
positive impact on environmental improvement for participating
countries of the BRI, but the extent of the impact depends on
environmental quality. Su et al. (2022) found that the BRI promotes
environmentally friendly practices and lowers carbon footprints of
participating countries of the BRI. Xin and Wang (2022) found that
the BRI has significantly reduced carbon intensity in participating
countries of the BRI by promoting green economic growth,
enhancing green technology, and upgrading industrial structure.
Besides, Yu et al. (2021) found that the BRI has a reducing effect on
environmental pollution in key provinces along the route, using
three industrial pollutants, industrial wastewater, soot, and sulfur
dioxide as the proxy of environmental pollution. Mahadevan and
Sun (2020) found that the BRI has led to a reduction in pollution
through China’s foreign direct investment efforts, particularly
benefiting the western and eastern regions of China. Yin and
Wang (2020) found that the atmospheric environmental
efficiency1 in key provinces along the route has remained
relatively low over a span of 6 years since the implementation of
the BRI. Increasing GDP per capita and promoting technological
progress are potential mechanism of enhancing atmospheric
environmental efficiency in key provinces, while energy
consumption structure has a negative effect. Cao et al. (2022)
found that with the implementation of the BRI, this is a gradual
improvement with considerable potential for energy conservation
and emission reduction. Furthermore, Zhao and Liu (2020) found
that green financial policies can significantly reduce carbon
emissions in key provinces along the route. Moreover, Du et al.
(2022) argued that the BRI aims to balance economic development
with eco-environmental protection, focusing on reducing
environmental pollution through sustainable practices.

On the contrary, some studies found a negative impact of the
BRI on environment or an ambiguous relationship between the BRI
and environmental quality. Using a multi-regional input–output
model, Tang et al. (2021) found that the BRI significantly increased
per capita consumption-based carbon dioxide emission. Besides, Li
B. et al. (2022) found that developing countries participating in the
BRI suffer the heaviest smog pollution by having the highest
PM2.5 levels and the highest population-weighted exposure level,
with the fastest increases observed in the least developed countries.
High-risk areas are identified primarily in South Asia, the Arabian
Peninsula, and parts of China, thus providing a basis for targeted air
pollution control policies. Furthermore, some studies found a
negative relationship between the initiative and PM2.5 levels. The
BRI promotes urbanization, and urbanization and PM2.5 levels
exhibit a coordinated increase in fast developing regions of China
(Li et al., 2016). However, within the key provinces along the route,
the correlation between urbanization and PM2.5 levels vary. For
instance, urbanization led to increased energy pollution emissions
and caused dynamic changes in PM2.5 concentrations (Wei et al.,
2021). Meanwhile, Fang et al. (2020) found that energy intensity and
per capita electricity consumption are the main drivers of
PM2.5 concentrations by analyzing the spatio-temporal

1 Atmospheric environmental efficiency generally refers to the reduction of

atmospheric pollution for the same economic output.
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distribution of PM2.5 concentrations in participating countries
of the BRI.

Regarding the issue of pollution transfer, Cai et al. (2018) argued
that China has become a pollution haven for many developed
countries, with 19 developing countries acting as China’s
pollution havens. Regarding pollution emission levels, Lin (2016)
found that there are significant disparities in environmental
pollution and green development levels among key provinces
along the route; eastern regions have relatively advanced green
development and higher economic development levels than
central and western regions, but eastern regions also have higher
pollution emissions. Huo and Li (2018) found that compared with
neighboring countries, China’s border provinces have higher carbon
emission levels. Additionally, the green development levels in these
border provinces vary substantially. Zhang et al. (2022) found that
there is a spatial spillover of air pollution in key provinces along the
route. In terms of economic development and environmental
pollution, Xu W. et al. (2019) found that the overall economic
growth has a positive effect on reducing air pollution. However,
increases in the number of vehicles, energy consumption, and the
secondary industry activities have a negative impact on the
environment. Omri and Hadj (2020) found that GDP per capita,
the number of permanent residents, and foreign direct investment
significantly affect the growth of urban carbon emissions, while the
increase in per capita disposable income of urban residents reduces
urban carbon emissions. Regarding the distribution of PM2.5 levels,
Mu et al. (2021) found remarkable regional differences in
PM2.5 concentrations, with high concentrations in plain and
densely populated areas like the North China Plain and low
concentrations in Qinghai-Tibet Plateau. Regarding policy
recommendations, Wang et al. (2022) examined the relationship
between material footprint (MF) and economic growth in
participating countries of the BRI. They found that while
economic growth has led to increased MF, the coupling varies
across regions and income levels. High-income countries
experienced better decoupling, and economic growth was
achieved with relatively lower increases in MF. The study
emphasizes the need for strategic policies and industrial
restructuring to promote sustainable development of participating
countries of the BRI, as green industries play a crucial role in
minimizing environmental impact during economic expansion.

2.2 Institutional background

China’s opening up and economic reforms in the past three
decades have achieved remarkable success. However, when
describing the next period of economic growth, President Xi
claimed that China’s economic development entered a “new
normal” stage in 2014 (China Daily, 2014). This concept is
widely used to describe the fact that annual GDP growth has
slowed to 7.0–7.5 percent from the double-digit levels of the
high-growth period. This is attributed to the now weakened
traditional driving forces of growth; that is, the output growth
rates of the labor and capital factors that were originally relied
on have decreased (Li and Zhang, 2015). Nonetheless, during this
long-term extensive development, more attention was paid to
quantitative growth, ignoring qualitative economic development

and creating bottleneck problems such as overcapacity and
inefficient resource allocation (Wang and Johansson, 2013).
Under this new normal, opening up further to international trade
and strengthening economic cooperation have become important
ways to promote economic development. In the Chinese
government’s 2014 work report, Premier Li proposed that
facilitating opening up to force domestic economic reform and
structural transformation would be a focus in the 2014 work
deployment (The State Council of the People’s Republic of
China, 2014).

In September and October 2013, China put forward the major
initiatives of jointly constructing the Silk Road Economic Belt and
the 21st Century Maritime Silk Road, which have attracted great
attention. As of 2017, in the 4 years since China put forward the BRI,
it has signed production capacity cooperation agreements with
37 countries, and a total of more than 5,000 trains have traveled
between China and countries along the European route, connecting
two-thirds of the provinces along the route, and flights to countries
along the route have been organized. Flights to countries along the
route are also distributed in 26 provinces along the route, and
29 provinces have set up industrial parks.

By capitalizing on the synergies of participating countries along
the expanding route, the BRI bifurcates into two corridors: the Silk
Road Economic Belt, which spans eight Chinese provinces
(Xinjiang, Shaanxi, Gansu, Ningxia, Qinghai, Chongqing,
Yunnan, and Guangxi), and the 21st Century Maritime Silk
Road, encompassing five provinces (Shanghai, Fujian,
Guangdong, Zhejiang, and Hainan). The other five key provinces
are Inner Mongolia, Heilongjiang, Jilin, Liaoning, and Tibet. (Lam
et al., 2018). These key provinces, with their unique geographical
location and developed transportation infrastructure, are highly
concentrated in business, people, logistics, capital, and
information flows, and are responsible for promoting the
transformation of China’s industries and the construction of the
green Belt and Road. Figure 1 visualizes the key provinces along the
route in China.

2.3 Hypothesis development

Enhancing technological innovation helps enterprises reduce
pollution emissions, and the BRI provides a platform for enterprises
to invest overseas and enhance technological innovation, especially in
high-end industries, such as transportation, energy, and
communications (Du and Zhang, 2018). Lv et al. (2019) found that
the BRI contributes to the development of multilateral trade and
promotes the outward foreign direct investment (OFDI) of Chinese
enterprises. Dunning (1993) and Pradhan and Singh (2009) argued that
OFDI is conducive to the improvement of technological innovation.
First of all, Chinese enterprises use the BRI platform to invest in
factories and set up subsidiaries, joint ventures, and research and
development (R&D) centers in participating countries or regions
along the route. By doing so they can better participate in the
international competitive market, acquire more cutting-edge
technological innovations, and give back to parent companies
through reversed technology transfer. This will improve the
technological innovation capacity of Chinese enterprises through
digestion, absorption, and secondary innovation (Pradhan and
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Singh, 2009), thus reducing the pollution emissions of Chinese
enterprises. Dunning (1993) found that the number and percentage
of patent applications of parent companies were lower than those of
foreign subsidiaries, and OFDI promoted the technological innovation
capacity of parent companies. Pradhan and Singh (2009) found that
OFDI by Indian automobile companies has brought about technology
and knowledge spillovers and promoted technological innovation
capacities of parent companies. Besides, technological innovation
requires enterprises to invest a great deal of money, and overseas
subsidiaries can take over part of the peripheral and repetitive
production work, so that parent companies can save the production
costs and concentrate their financial resources on the R&D of the core
technology, the introduction of high-end talents, and the purchase of
R&D technology and products, so as to enhance the overall R&D and
technological innovation capacities. Moreover, OFDI enterprises are
generally given priority to take the privilege of the country’s customs
services, tax incentives, and foreign exchange support policies, which
can also save some of the R&D costs for OFDI enterprises (Xu and
Wang, 2018) and indirectly promote technological innovation.

Under the policy background of the BRI, more and more countries
are investing in China. Factor resources continue to flow and cluster in
Chinese cities along the route. Resource allocation gradually tends to be
rationalized, energy consumption is gradually reduced, and corporate
pollution emissions are gradually reduced. The Digital Belt and Road
(DBAR) integrates cloud computing, big data platform, Internet of

Things, mobile Internet, and other high-tech information technology. It
can promote the flow and agglomeration of factors such as labor,
capital, network, and technology to Chinese cities along the route,
improve the efficiency of resource allocation, and optimize the
industrial structure (Shi et al., 2018), and reduce pollution emissions.
Ma and Cao (2022) found that the optimization of industrial structure
reduces levels of atmospheric haze. Chen and Wang (2022) found that
the BRI can help upgrade and optimize the industrial structures of key
provinces along the route, mainly through optimization of the
investment environment and the adjustment of the relationship
between supply and demand. The information technology in the
DBAR can timely and efficiently coordinate and allocate labor,
transportation, logistics, information, and other resources in cities
along the route. It therefore reduces the transaction costs of
enterprises, and promotes the flow of factor resources to low-energy
consumption and low-polluting enterprises, eliminating high-energy-
consumption and high-polluting enterprises. It consequently realizes
the reasonable and effective allocation among industries and sectors,
thus reducing the pollution emission of the whole industry (Ryzhenkov,
2016). Besides, the information technology industry in the DBAR is
characterized by high technology and low pollution, which can bring
competitive pressure to the traditional polluting industries in cities
along the route. Not only can it force these traditional polluting
industries to carry out technological innovation and R&D on clean
technology, but also eliminate those traditional polluting industries and

FIGURE 1
Key provinces along the route.
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enterprises (Shi et al., 2018), thus reducing environmental pollution.
Moreover, the information technology in the DBAR can timely grasp
the market demand and market demand preferences of cities along the
route. Once changes occur, it can quickly adjust and change the business
strategy of enterprises, flexibly dispatch production factors such as
labor, capital, and energy, so as tomeet the real demand of themarket in
the cities along the route. DBAR can scientifically, accurately, and
efficiently carry out product production, and reduce resource
consumption.

Based on the above analysis, we propose the following
hypothesis.

H1. The BRI reduces PM2.5 levels by promoting technological
innovation and optimizing industrial structure.

3 Empirical framework

3.1 Explained variable

This study examines whether the BRI can reduce smog pollution
in key provinces along the route. This study adopts PM2.5 levels as
the measure of smog pollution. The annual data of average

FIGURE 2
Parallel trend test.

TABLE 1 Variable definitions.

Variables Denotation Definition and calculation method

Explained variable PM2.5 Logarithm of annual average PM2.5 levels of each prefecture-level cities

Main explanatory variable Key provinces Equals 1 if a prefecture-level city is in a key province, and otherwise, 0

Post Before or after the initiation: post equals 0 before 2014 and 1 after 2014

Control variables Fixed asset investment Log value of regional fixed asset investment

Human capital Number of students in general higher education

Employment Urban employment: proportion of employees in an urban area to the region’s total population

Secondary The secondary industry: output value of the secondary industry accounts for the proportion of regional GDP

Tertiary The tertiary industry: output value of the tertiary industry accounts for the proportion of regional GDP

Income Average income per capita: log value of per capita real wage in a prefecture-level city

Technology Government spending on science and technology as a percentage of regional GDP

Intervention Government intervention: proportion of government budget expenditures to regional GDP
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PM2.5 levels of 284 prefecture-level cities in China from 2007 to
2018 were gathered. The choice of the 2007–2018 period allows for a
comprehensive before-and after comparison while mitigating the
confounding variables introduced by a series of “Coordinated
Regional Development” policies in 2019 and the pandemic in
2020. This time frame enables an accurate depiction of the
evolution of PM2.5 levels, untainted by the extraordinary
circumstances post-2018.

3.2 Main explanatory variables

As described earlier, we focus on the explanatory variable BRI,
which is assigned according to the list of key provinces established in
China. Treat equals 1 if a prefecture-level city belongs to a key
designated province; otherwise, it equals 0. Post indicates whether
the BRI has been launched and equals 0 before 2014 and 1 in
or after 2014.

For the underlying mechanism analysis, following Kou and
Liu (2017), we measure technological innovation (TO) using the
average value of authorized invention patents and calculating the
innovation index of 284 cities from 2007 to 2018. The city
innovation index includes not only R&D investment and
patents, but also innovation output, patent value, innovation
and entrepreneurship, etc. It is based on the synthesis of multiple
indicators, which is a more comprehensive assessment of a city’s
innovation capacity.

We use the Theil index (Theil, 1967) to measure industrial
structure optimization (ISO) with Equation 1:

ISO � ∑n
i�1

Yi

Y
( ) ln Yi

Li
/Y
L

( ), (1)

where Y is the industrial added value, L is the number of
employees in the industry, i represents the industry, and n
represents the number of industrial sectors. As Y/L expresses
labor productivity, the ratio between Yi/Li and Y/L measures the
deviation between the current industrial structure and the
equilibrium. The greater the Theil index, the less rationalized
the industrial structure.

3.3 Control variables

A series of control variables are incorporated, including
fixed-asset investment, human capital, urban employment rate,
industrialization level, industrial structure, per capita income,
technology, and government intervention. Table 1 presents the
detailed definitions. All continuous variables are winsorized at
the 1% and 99% percentiles to limit the influence of
extreme values.

3.4 Empirical specification

Following existing literature on the impact of the BRI on
environment in participating countries of the BRI (Cao et al.,
2021) and studies on the effect of China’s domestic audit policy
on improving air quality (Li et al., 2022), this study uses the DID

TABLE 2 Descriptive statistics.

Variables Sample
size

Mean Std Min Max

PM2.5 3,221 3.512 0.510 1.543 4.471

Fixed asset
investment

3,281 7.596 1.0560 4.629 10.722

Human capital 3,281 54.630 80.369 5.490 986.870

Employment 3,281 12.411 11.772 0.260 147.310

Secondary 3,281 48.403 10.616 0.000 90.970

Tertiary 3,281 39.937 72.216 0.000 4,139

Income 3,281 5.506 0.351 3.360 7.580

Technology 3,281 7.694 0.810 4.120 10.920

Intervention 3,281 21.332 22.822 1.540 604.060

TABLE 3 BRI impact on the PM2.5 levels of key provinces.

(1) (2)

PM2.5 PM2.5

BRI −0.529*** −0.407***

(−3.69) (−3.42)

Fixed asset investment 0.299***

(3.38)

Human capital 0.000424

(0.68)

Employment −0.00442

(−1.38)

Secondary 0.00234

(0.83)

Tertiary 0.000104**

(2.39)

Income −0.513***

(−2.78)

Technology −0.0450

(−0.50)

Intervention −0.00212*

(−1.92)

_cons 3.566*** 4.495***

(39.79) (4.92)

N 3,221 3,221

adj. R2 0.140 0.314

City FE Yes Yes

Year FE Yes Yes

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.
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method to explore the impact of the BRI on PM2.5 levels in
prefecture-level cities along the route. This study divides the
prefecture-level cities into four sub-samples: the treatment group
(key provinces) and control group (other provinces) before and after
implementing the BRI. The DID approach has two key advantages.
First, the DID methodology rules out omitted time trends that are
correlated with establishment of key provinces along the route and
PM2.5 levels in both the treatment group and the control
group. Second, the DID approach controls for constant
unobserved differences between the treatment and the control
groups that may bias our estimation. Accordingly, the
benchmark regression specification of the DID model can be
defined as Equation 2. Equation 3 specifies the term BRI.

PM2.5it � β0 + β1BRIit + αXit + δt + μi + εit , (2)
BRIit � key provincesi × postit . (3)

Here, i and t represent cities and years, respectively. PM2.5 is the
dependent variable, explaining the PM2.5 levels of city i in year t.
BRI = 1 if city i belongs to a designed key provinces in year t;
otherwise, it equals 0. X is a vector of control variables that vary with
time. δ and μ represent the time fixed effect and city fixed effect,
respectively, and ε is the random disturbance. BRI is the main
explanatory variable of this study. It measures the difference in
PM2.5 levels between cities in key provinces and cities not in key
provinces after the implementation of the BRI, thereby identifying
the net effect of the BRI controlling other factors that affect
PM2.5 levels. If the BRI truly reduces PM2.5 levels, the
coefficient β1 of BRI should be lower than zero.

To test the underlying mechanism, we adding the interaction of
BRI and the indexes that measure the technological innovation and
industrial structure into the regression of Equation 4. The empirical
specification is as follows.

PM2.5it � β0 + β1BRIit + β2TOit/ISOit + β3BRIit × TOit/ISOit

+ αXit + δt + μi + εit .

(4)
Here, TO is technological innovation, and ISO is industrial structure
optimization. If BRI truly reduces PM2.5 levels through technological
innovation and optimization of the industrial structure, the coefficient
β3 of BRIit × TOit/ISOit should be lower than zero.

TABLE 4 Parallel trend test and the dynamic effect.

(1)

PM2.5

key_provinces × before5 0.0355

(0.29)

key_provinces × before4 0.0450

(0.36)

key_provinces × before3 0.0204

(0.39)

key_provinces × before2 0.0488

(0.12)

key_provinces × before1 0.0445

(0.10)

key_provinces × after1 −0.0522**

(−2.18)

key_provinces × after2 −0.0816**

(−2.44)

key_provinces × after3 −0.0736**

(−2.36)

key_provinces × after4 −0.0621**

(−2.22)

key_provinces × after5 −0.0543**

(−2.11)

Fixed asset investment −0.0730

(−1.12)

Human capital −0.000111

(−0.98)

Employment −0.00164**

(−2.17)

Secondary −0.00194

(−1.02)

Tertiary 0.0000235

(1.49)

Income −0.0676

(−1.08)

Technology −0.168***

(−3.29)

Intervention 0.000357

(1.33)

(Continued in next column)

TABLE 4 (Continued) Parallel trend test and the dynamic effect.

(1)

PM2.5

_cons 5.663***

(9.56)

N 3,221

adj. R2 0.348

City FE Yes

Year FE Yes

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.
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4 Materials and methods

4.1 The data

The data are gathered from the China City Statistical Yearbook,
China Regional Economic Statistical Yearbook, CSMAR Database,
and WIND Economic Database. The data are merged according to
city and year to create the sample for the empirical analysis; there are
3,281 total observations. Although the study accounts for some of
the missing data via interpolation to maintain a high degree of data
consistency, areas with a significant number of missing observations
are excluded. Table 2 reports the descriptive statistics of all variables.

4.2 Baseline estimates

Equation 2 is first employed to evaluate the net BRI effect on
PM2.5 levels of key provinces. Table 3 reports the baseline estimation
results. Column (1) shows the estimation results without incorporating
the control variables. Columns (2) show the results after adding the
control variables. As the results in Table 3 show, the coefficients of the
policy variables are significant in both regressions. Thus, the BRI
reduces the PM2.5 levels of key provinces.

4.3 Testing the parallel trend and the
dynamic effect

The DIDmethod assumes that the treatment and control groups
have a parallel trend before the event. As shown in Figure 2, the TFP

trend of the treatment and control groups is similar before the
official BRI launch in 2014.

We exploit the exact timing of policy implementation to test
whether the decrease in PM2.5 levels corresponds with the
implementation, or if it precedes it. For this purpose, we estimate
Equation 5 by substituting the BRI variable BRIit with a full set of
dummies ranging from 5 years before the implementation of the BRI
to 5 years after. In particular, we estimate:

PM2.5it � β0 + β1key provincesi × before5t + . . .

+ β5key provincesi × before1t

+ β6key provincesi × after1t + . . .

+ β10key provincesi × after5t + αXit

+ δt + μi + εit . (5)

We replace the regressor BRIit in Equation 2 with
key provinceit × before/after, where before/after represents
the year dummies from 2007 to 2018, with 2013 as the reference
group. Table 4 shows the corresponding results.

In the years before the BRI launch, none of the coefficients of the
lagged policy variables are significant, indicating no difference in
PM2.5 levels between the treatment and control groups. The
interaction terms of 2007–2012 are insignificant and are consistent
with Figure 1, which confirms the parallel trend before the BRI was
implemented. After implementation, the average PM2.5 levels of the
treatment group decreased faster than that of the control group. The
effect of the BRI is affected by local government participation and other
supporting policies.With successive publicity and the implementation of
the BRI, local governments have gradually deepened their understanding
of the initiative, their relevant policies have improved, and their

TABLE 5 PSM balance test results.

Variable Unmatched matched Mean %Bias %Reduct
|bias|

T p > t

Treated Control

Fixed asset investment U 7.804 7.388 0.416 16.79 8.57 0.000

M 7.608 7.584 0.024 0.45 0.655

Human capital U 55.29 53.97 1.32 6.41 4.55 0.000

M 54.72 54.54 0.18 1.39 0.163

Employment U 12.141 12.681 −0.54 3.03 −8.98 0.000

M 12.345 12.477 −0.132 −0.65 0.518

Secondary U 50.264 46.542 3.722 2.07 6.48 0.000

M 49.025 47.781 1.244 0.13 0.897

Tertiary U 38.026 41.848 −3.822 4.67 −5.02 0.000

M 39.613 40.261 −0.648 −1.37 0.171

Income U 5.258 5.754 −0.496 3.61 −7.91 0.000

M 5.454 5.558 −0.104 −0.33 0.739

Technology U 7.347 8.041 −0.694 0.97 −8.98 0.000

M 7.522 7.866 −0.344 −0.65 0.518

Intervention U 24.046 18.618 5.428 2.88 16.48 0.000

M 22.105 20.559 1.546 0.13 0.897
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execution capabilities have increased. As seen in Table 4, after the BRI
was fully launched in 2014, the significance of the coefficient increases
year by year from 2015 to 2018, and its value increases gradually, that is,
there are dynamic effects. The BRI policy effect increases gradually after
implementation, with various regions responding to the state’s call. As
the implementation deepens, policies and related support facilities in
various regions gradually improve, and detailed guidance plans are
implemented; hence, the BRI impact on PM2.5 reduction in key
provinces exhibits a dynamic effect.

4.4 Testing policy endogeneity

A suitable control group is essential for the accuracy and credibility
of the DID method. This study sets non-key provinces as the control

group, ignoring the inherent differences in PM2.5 levels and other
aspects between cities in the treatment and control groups, which may
cause the DIDmethod’s estimation results to be unreliable. We employ
the propensity score matching (PSM) method to match cities in the
treatment group with those in the control group to reduce the systemic
bias and other endogeneity problems of the DID method; we thus
overcome the systematic differences in the PM2.5 trends between the
treatment and control groups. We conduct logit regressions on the
control variables to obtain the PSM.We adopt the balance test to ensure
the PSM matching is satisfactory. Table 5 shows the PSM balance
test results.

The results show the standardized deviations (% bias) of
variables after matching are significantly reduced, and the
standardized deviations of all variables are less than 1%.
Moreover, the t-test results show the differences between the

TABLE 6 Propensity score matching-difference-in-differences results.

(1) (2) (3)

Radius matching Kernel density matching Nearest neighbor matching

PM2.5 PM2.5 PM2.5

BRI −0.390*** −0.392*** −0.407***

(−3.29) (−3.31) (−3.42)

Fixed asset investment 0.319*** 0.295*** 0.299***

(3.60) (3.35) (3.38)

Human capital 0.00138* 0.000942 0.000424

(2.04) (1.41) (0.68)

Employment −0.0119*** −0.00586 −0.00442

(−3.21) (−1.69) (−1.38)

Secondary 0.00337 0.00310 0.00234

(1.25) (1.10) (0.83)

Tertiary 0.000130*** 0.000103** 0.000104**

(3.18) (2.33) (2.39)

Income −0.493** −0.539*** −0.513***

(−2.60) (−2.90) (−2.78)

Technology −0.0978 −0.0567 −0.0450

(−1.07) (−0.63) (−0.50)

Intervention −0.00210* −0.00205* −0.00212*

(−1.94) (−1.89) (−1.92)

_cons 4.621*** 4.689*** 4.495***

(4.87) (5.00) (4.92)

N 3,186 3,212 3,212

adj. R2 0.333 0.322 0.314

City FE Yes Yes Yes

Year FE Yes Yes Yes

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.
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treated and the control samples after matching are all insignificant.
All the above indicates that the matching effect is effective.

Three common matching methods (radius, kernel density, and
nearest neighbor matching) are employed to perform a robustness
check. Table 6 presents the results.

From Table 6, radius, kernel density, and nearest neighbor
matching generate the same results. The coefficients of the BRI
term are significantly positive at the 5% level. Therefore, the BRI
significantly reduces the PM2.5 levels of key provinces, further
verifying the main findings.

An important premise of the DID method is that the treatment
and control group selection is random, which may not be the case in
this study. Unobservable factors might have influenced designation
of key BRI provinces. Provinces with a higher level of economic
development may first be used as key provinces to further promote

BRI implementation. However, provinces with lower economic
development may also be selected. Therefore, the choice of the
treatment group may be susceptible to endogeneity. Given the
potential endogeneity of the policy variable, an instrumental
variable (IV) is determined under two conditions: an IV is (1)
related to the endogenous variable and (2) unrelated to the random
error term. The two-stage least squares method is adopted for the
estimation. The BRI concept is inspired by the ancient Silk Road,
which witnessed hundreds of years of booming trade and cultural
exchanges in the Eurasian continent; we therefore select the ancient
Silk Road route provinces as IVs following Duranton et al. (2014).
Although the BRI aims to revive the ancient Silk Road, they are far
apart in time, and the latter does not influence the PM2.5 levels of

TABLE 7 Instrumental variables.

(1) (2)

BRI PM2.5

IV 0.256***

(3.60)

BRI −0.1580***

(−3.70)

Fixed asset investment 0.0338 0.300***

(0.38) (3.10)

Human capital −0.000235 0.000126

(−0.46) (0.17)

Employment 0.00490*** 0.00161

(2.97) (0.50)

Secondary −0.00707*** −0.00540

(−3.24) (−1.31)

Tertiary 0.0000786** 0.000203***

(2.20) (3.84)

Income 0.135 −0.285

(1.00) (−1.15)

Technology −0.108 −0.157

(−1.15) (−1.46)

Intervention 0.000638 −0.000873

(0.73) (−0.63)

_cons 0.123 4.430***

(0.17) (4.44)

N 3,281 3,221

adj. R2 0.405 0.292

City FE Yes Yes

Year FE Yes Yes

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.

TABLE 8 GMM.

(1) (2)

Difference GMM System GMM

PM2.5 PM2.5

L.PM2.5 0.420*** 0.727***

(22.56) (57.18)

BRI −0.128*** −0.102***

(−14.19) (−9.97)

Fixed asset investment −0.0111 0.0246**

(−1.04) (2.08)

Human capital 0.0000335 0.000569***

(0.27) (3.93)

Employment −0.00150** −0.00314***

(−2.57) (−4.67)

Secondary −0.00615*** −0.00475***

(−9.94) (−6.97)

Tertiary 0.0000487 0.0000504

(1.52) (1.33)

Income 0.0670*** −0.00740

(3.26) (−0.32)

Technology −0.114*** −0.0662***

(−8.58) (−4.46)

Intervention 0.000200** 0.000235**

(1.99) (2.11)

_cons 2.907*** 1.532***

(24.64) (13.74)

N 2,950 3,012

Wald χ2 1763.25 5140.07

City FE Yes Yes

Year FE Yes Yes

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.
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key provinces along the route. Thus, the ancient Silk Road satisfies
the two conditions of an IV. The specific setting is that if a key
province is among the ancient Silk Road provinces (Shaanxi,
Ningxia, Gansu, Qinghai, Xinjiang, Tibet), IV = 1; otherwise,
IV = 0. Meanwhile, IV × Post is selected as the IV for the term
BRI. Table 7 shows the corresponding results after the IV adoption.

The regression results in Column (1) confirm the rationality of
using the ancient Silk Road route provinces as IVs. The F value from
the Cragg-Donald test is greater than 10, indicating that the IVs are
highly correlated with the endogenous variable in the first stage
regression. Column (2) shows the regression results for the second
stage. The coefficient of BRI is −0.158, significant at the 1% level.
Thus, after alleviating potential endogeneity problems, the basic
findings remain unchanged.

Following Zhang et al. (2012), this study utilizes the generalized
method of moments (GMM) in two estimations for a robustness
check to further control for potential endogeneity by unobserved
variables. Table 8 reports the test results of Equation 2. BRI
coefficients in the two regressions remain significant.

4.5 Placebo tests

There might be policies or influencing factors other than the BRI
that may induce PM2.5 abatement during the same period. To rule
out the possibility that PM2.5 levels might have been reduced by
other contemporaneous policies, following Liu and Zhao (2015), we
perform a placebo test by falsifying the year the policy was initiated.
We assume that the BRI was proposed two or 3 years before the
actual date and observe the coefficient and significance of the policy
variable. If the estimated coefficient of the policy variable is
insignificant under the two placebo tests, the BRI reduces the
PM2.5 levels in key provinces. If the two falsified policy variables
are significant, BRI implementation does not necessarily cause
PM2.5 abatement in key provinces. Table 9 presents the results;
when assuming the BRI was proposed in 2011 or 2012, the estimated
coefficient of the BRI term is not significant. Thus, BRI
implementation reduces the PM2.5 levels of key provinces
without interference from other policies or factors.

4.6 Testing alternative samples

This study modifies Equation 2 by incorporating lagged control
variables for a robustness check to mitigate the influence of the
current data. Moreover, it removes observations from 2013, when
the BRI was proposed. Column (1) and (2) of Table 10 reports the
regression results; BRI coefficients in both regressions remain
significant.

4.7 Testing the removal of
confounding effects

During the implementation of the BRI, the global financial
crisis occurred in 2008. The financial crisis reduced production
activities, which may have influenced PM2.5 levels. Therefore,
observations before 2009 are also removed to control for
confounding effects. In addition, the confounding impact of
the supply-side reform (proposed in November 2015 and
implemented afterward) on PM2.5 levels is then removed by
removing observations after 2016. Table 11 reports the
regression results; BRI coefficients in both regressions remain
significant.

This study also controls contemporaneous disturbances. It
removed cities that have implemented the Low-Carbon City Pilot
Policy and cities in two-control zones (acid rain control zone and
sulfur dioxide pollution control zone). Table 12 shows the regression
results, with the BRI term being significantly negative at the 1% level.
This verifies that the BRI has a significant reduction effect on
PM2.5 levels in key provinces along the route, yielding
robust results.

TABLE 9 Placebo tests falsifying the BRI launch year.

(1) (2)

Assuming the BRI
was implemented in
2011

Assuming the BRI
was implemented in
2012

PM2.5 PM2.5

BRI_falsified −0.0188 −0.00569

(−0.52) (−0.17)

Fixed asset
investment

−0.0805 −0.0792

(−1.28) (−1.23)

Human capital −0.000144 −0.000141

(−0.95) (−0.96)

Employment −0.00146* −0.00147*

(−2.04) (−2.04)

Secondary −0.00202 −0.00201

(−1.04) (−1.04)

Tertiary 0.0000245* 0.0000244*

(1.93) (1.93)

Income −0.0625 −0.0605

(−0.95) (−0.95)

Technology −0.173*** −0.171***

(−3.14) (−3.15)

Intervention 0.000391 0.000386

(1.29) (1.29)

_cons 5.722*** 5.693***

(9.07) (9.07)

N 3,221 3,221

adj. R2 0.347 0.347

City FE Yes Yes

Year FE Yes Yes

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.
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4.8 Testing alternative regression methods

We further verify robustness by conducting a simultaneous
quantile regression with 1,000 bootstraps. Specifically, we
perform regression analysis on the 20th, 50th, and 80th
PM2.5 quantiles using Equation 2. The advantage of using this
estimate is that it allows us to test how the BRI affects the
PM2.5 levels of cities with different PM2.5 levels. The results
in Table 13 are consistent with the baseline results in Table 3:
there is a pronounced negative relationship between the BRI and
PM2.5. For cities with low PM2.5 levels, the BRI further reduces
PM2.5, while for cities with high PM2.5 levels, the BRI provides
timely assistance regarding PM2.5 abatement. The BRI also
exhibits a negative impact for regions with intermediate
PM2.5 levels.

Given that province- and prefecture-level variables are included
in the regression, we utilize a hierarchical mixed model to re-
estimate Equation 2. Martin et al. (2007) note that a hierarchical
mixed model is more suitable for separating provincial- from
prefecture-level impacts. Table 14 presents the results.

5 Further tests

5.1 Underlying mechanism

As noted, the BRI significantly reduces the PM2.5 levels. From
the hypothesis and model setup, we create interaction terms
(BRIit × TOit and BRIit × ISOit) to explore the possible
influencing mechanism. Table 15 presents the regression results.

The results in Table 15 show that the regression coefficients on
the interaction terms are significantly negative at the 1% level,
indicating that the BRI can reduce PM2.5 levels by promoting
technological innovation and optimizing industrial structure.
From the perspective of technological innovation, the BRI
provides a platform for enterprises to invest overseas and
enhance technological innovation, which in turn helps enterprises
reduce pollution emissions. Chinese enterprises use the platform of
BRI to invest in factories and set up subsidiaries, joint ventures and
R&D centers in participating countries or regions along the route.
The reversed technology transfer helps improve the technological
innovation capacity of Chinese enterprises, thus reducing the
pollution emissions of Chinese enterprises. The relatively lower
production costs in overseas subsidiaries can facilitate parent
firms to concentrate its financial resources on the R&D and
therefore enhance the overall R&D and innovation ability.
Favorable policies for firms actively participating in the BRI also
indirectly promote technological innovation. From the industrial
structure perspective, under the policy background of the BRI, factor
resources continue to flow and cluster in Chinese cities along the
route as more countries are investing in China. DBAR integrates
high-tech information technology and promotes the flow and
agglomeration of production factors to Chinese cities along the
route, improve the efficiency of resource allocation and optimize the
industrial structure, and reduce pollution emissions. The
information technology in the DBAR can timely and efficiently
coordinate and allocate resources in cities along the route, and
promotes the flow of factor resources to low-energy consumption,

low-pollution enterprises, eliminating high-energy-consumption
and high-pollution enterprises. The information technology
industry in the DBAR is characterized by high technology and
low pollution, which induces traditional heavy polluting industries
to develop technological innovation and R&D on clean technology,
thus reducing environmental pollution.

5.2 Heterogeneity tests

In terms of initiative layout and mode of transportation, the BRI
can be divided into the Silk Road Economic Belt and the 21st
Century Maritime Silk Road. According to the description of the
regional opening plans of the Vision and Actions, we regard

TABLE 10 Tests on alternative samples.

(1) (2)

Lagged control
variables

Remove
2013

PM2.5 PM2.5

BRI −0.408*** −0.393***

(−3.25) (−3.14)

Fixed asset
investment

0.340*** 0.309***

(3.87) (3.42)

Human capital 0.000410 0.000493

(0.63) (0.76)

Employment −0.00331 −0.00500

(−1.08) (−1.47)

Secondary −0.00333 0.00231

(−0.78) (0.79)

Tertiary −0.00800 0.000103**

(−1.46) (2.40)

Income −0.411* −0.514***

(−1.91) (−2.80)

Technology −0.0745 −0.0573

(−0.80) (−0.61)

Intervention −0.00232** −0.00206*

(−2.18) (−1.93)

_cons 4.437*** 4.525***

(4.73) (4.92)

N 2,951 2,952

adj. R2 0.308 0.303

City FE Yes Yes

Year FE Yes Yes

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.
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Shanghai, Fujian, Guangdong, Zhejiang, and Hainan as belonging to
the 21st Century Maritime Silk Road and other provinces as
belonging to the Silk Road Economic Belt. We believe that
although these provinces are all designated as key provinces,
there are significant differences in the implementation priorities,
development levels, and historical factors among the provinces. By
contrast, the provinces belonging to the 21st century Maritime Silk
Road are relatively more developed areas along the eastern coast of
China, with relatively higher levels of initial economic development.
Therefore, it is necessary to distinguish in the analysis the key
provinces belonging to the two Roads. The grouping regression
results are listed in Table 16.

The control group in column (1) includes cities of key provinces
along the 21st Century Maritime Silk Road, while the control group

in column (2) excludes cities of key provinces along the 21st Century
Maritime Silk Road. The control group in column (3) includes cities
of key provinces along the Silk Road Economic Belt, and the control
group in column (4) excludes cities of key provinces along the Silk
Road Economic Belt. The BRI estimation coefficients in Column (1)
and (2) are significantly negative; by contrast, the results in Column
(3) and (4) show that the BRI plays a relatively limited role in
reducing PM2.5 levels in the provinces of the 21st century Maritime
Silk Road, although they are also designated as key provinces. This
result indicates that the BRI mainly improves TFP in the eight key
provinces belonging to the Silk Road Economic Belt. This can be
attributed to the relatively worse economic conditions of these
regions, higher polluting levels, lower technological innovation,
and underdeveloped industrial infrastructure. These late-
development advantage help these provinces outperform the
coastal provinces of the 21st century Maritime Silk Road in
reducing pollution, thereby making the BRI’s effect on reducing
PM2.5 levels more significant.

As China is a vast country, the resource endowment, economic
base, and infrastructure level of cities differs across regions. We
separate the samples into eastern and central and western regions.
As shown in Table 17, BRI is more significant in the central and
western region.

The central region plays an important role in China’s regional
development by undertaking industrial transfer from the east and
promoting the development of the west, it mainly focuses on
domestic trade (Bai et al., 2020). The economic foundation of the
western region is relatively weaker, and the implementation of the
BRI can effectively mitigate its lack of economic growth power
(Zhang et al., 2018). The impact of BRI will be further expanded
through ethnic policies and resource endowment toward the western
region. Moreover, the central and western regions have taken up the
Silk Road Economic Belt, which has led to considerable trade among
the countries along the route. The eastern coastal area has the
natural advantage for developing an export-oriented economy,
however, due to insufficient preferential policies for economic
growth, the marginal effect of the implementation of the BRI
is smaller.

Cities with different administrative levels have different resource
levels, institutional arrangements, and management powers, so that
they can provide different preferential and policies for implementing
the BRI; thus, they have heterogeneous effects. The regression results
for the subsamples of sub-provincial cities (high administrative
level), and municipalities and prefecture-level cities (low
administrative level) are shown in Table 18.

We find that the mitigating effect of the BRI on PM2.5 levels is
significant in both regressions, with the effect being more
pronounced in cities of low administrative level. Municipals and
prefecture-level cities have a higher BRI impact than sub-provincial
cities because of their lower economic development and higher
pollution levels. Specifically, the initiative can bring about more
marginal effect to late-development regions, and the local
government has utilized BRI policy resources and benefits,
significantly reducing the area’s PM2.5 levels.

The OFDI of China in the BRI participating countries has
surpassed US$50 billion. The target of unimpeded trade is
promoting trade and investment facilitation and improving the
business environment (The State Council Information Office of

TABLE 11 Removing confounding effects.

(1) (2)

Remove the impact
of the global
financial crisis

Remove the impact
of the supply-side
reform

PM2.5 PM2.5

BRI −0.418*** −0.423***

(−3.45) (−4.10)

Fixed asset
investment

0.301*** 0.231**

(3.20) (2.39)

Human capital 0.000317 0.000484

(0.54) (0.73)

Employment −0.00302 −0.00496

(−1.15) (−1.24)

Secondary 0.00137 −0.00367

(0.50) (−0.63)

Tertiary 0.000110*** −0.00906

(2.86) (−1.42)

Income −0.519** −0.329

(−2.68) (−1.54)

Technology −0.0478 0.0193

(−0.51) (0.22)

Intervention −0.00180* −0.0107**

(−1.92) (−2.11)

_cons 4.433*** 4.284***

(4.27) (4.22)

N 2,420 2,414

adj. R2 0.340 0.313

City FE Yes Yes

Year FE Yes Yes

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.
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China, 2019), which would be finally reflected in improved market
mechanisms. Market mechanism creates a competition and
investment effect among enterprises. Therefore, whether the local
market operation mechanism is complete could partially determine
the impact of the BRI on PM2.5 levels. Here, we introduce the
marketization index of China’s provinces (Wang et al., 2021). Based
on the marketization index mean, cities are grouped into high
marketization degree and low marketization degree. The results
of the separate regressions are presented in Table 19.

The mitigating effect of the BRI on PM2.5 levels is significant in
both regressions, with a more pronounced effect in low-
marketization cities. The market operation mechanism in high-

marketization cities is relatively complete. For cities with a high
degree of marketization, local governments have taken measures to
effectively improve the market mechanism and business
environment to promote economic growth and reduce pollution.
In comparison, the market operation mechanism of low-
marketization cities is not complete, and local enterprises lack
awareness of R&D and improving efficiency. The implementation
of the BRI could encourage the implementation of operational and
post-operational oversight systems by local governments in low-
marketization cities, which could stimulate market vitality and, in
turn, improve marketization. Through improving marketization in
regions with a low degree of marketization can establish a sound
legal system and intellectual property protection measures, which
will promote enterprises to increase R&D investment. Besides,

TABLE 12 Controlling for contemporaneous disturbances.

(1) (2)

PM2.5 PM2.5

BRI −0.409*** −0.406***

(−3.45) (−3.42)

Low-carbon pilot city −0.0954*

(−1.70)

Two-control zones −0.121*

(−1.81)

Fixed asset investment 0.297*** 0.298***

(3.37) (3.36)

Human capital 0.000502 0.000443

(0.80) (0.71)

Employment −0.00426 −0.00449

(−1.36) (−1.43)

Secondary 0.00216 0.00238

(0.77) (0.85)

Tertiary 0.000103** 0.000106**

(2.39) (2.43)

Income −0.502** −0.511***

(−2.75) (−2.79)

Technology −0.0411 −0.0441

(−0.45) (−0.48)

Intervention −0.00214* −0.00203*

(−1.93) (−1.78)

_cons 4.428*** 4.598***

(4.92) (4.92)

N 3,221 3,221

adj. R2 0.316 0.315

City FE Yes Yes

Year FE Yes Yes

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.

TABLE 13 Simultaneous quantile regression.

(1) (2) (3)

20th
Quant

50th Quant 80thQuant

PM2.5 PM2.5 PM2.5

BRI −0.388*** −0.409*** −0.438***

(−10.42) (−14.59) (−14.16)

Fixed asset
investment

0.281*** 0.367*** 0.349***

(8.60) (12.71) (9.95)

Human capital −0.000156 0.000410* 0.000295

(−0.33) (1.73) (0.89)

Employment −0.00207 −0.00309** −0.00321***

(−0.67) (−2.03) (−2.67)

Secondary 0.00244 −0.000842 0.00223

(1.07) (−0.21) (0.52)

Tertiary 0.000246 0.0000824 0.0000137

(0.10) (0.01) (0.00)

Income −0.612*** −0.555*** −0.446***

(−5.79) (−4.46) (−4.64)

Technology 0.105*** −0.147*** −0.155***

(2.82) (−5.50) (−3.96)

Intervention −0.00268* −0.00272*** −0.00182**

(−1.84) (−2.94) (−2.51)

_cons 3.713*** 5.182*** 4.975***

(7.58) (13.76) (22.38)

N 3,221 3,221 3,221

adj. R2 0.1754 0.2039 0.2150

City FE Yes Yes Yes

Year FE Yes Yes Yes

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.
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through improving marketization in regions with a low degree of
marketization, a fierce market competition and a more optimized
price transfer mechanism will be established. It helps reduce the
uncertainty of enterprise innovation returns, enhance the R&D and
innovation vitality of the private science and technology enterprises
with a strong preference for innovation, and increase the play of
innovation to treat pollution and reduce smog pollution.

5.3 Economic consequences

Using micro-level data, Gu and Yan (2021) found that air
pollution control policies reduce PM2.5 levels and promote total
factor productivity in listed firms in China. This study further
assessed whether the BRI promotes the GTFP of key provinces
along the route by reducing PM2.5 levels. We adopted the

epsilon-based measure to calculate radical and non-radial
distance (Tone and Tsutsui, 2010), which is beyond the ability
of traditional non-parametric methods (e.g., data envelopment
analysis and slacks-based measure distance function model).
Table 20 reports the DID estimation results of Equation 6.

TABLE 14 Hierarchical mixed regression.

(1)

PM2.5

BRI −0.0501***

(−2.67)

Fixed asset investment 0.104***

(7.22)

Human capital 0.000358**

(2.40)

Employment −0.00160***

(−2.65)

Secondary 0.000232

(0.38)

Tertiary 0.0000747

(1.15)

Income −0.0743**

(−2.15)

Technology −0.00184

(−0.12)

Intervention −0.000722***

(−2.67)

_cons 3.173***

(16.80)

N 3,221

Wald χ2 352.81

City FE Yes

Year FE Yes

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.

TABLE 15 Underlying mechanism of the policy effect on PM2.5 levels.

(1) (2)

PM2.5 PM2.5

BRI −0.410*** −0.391***

(−3.38) (−3.06)

TO −0.00238**

(−2.39)

BRI × TO −0.000548**

(−2.12)

ISO −2.906**

(−2.15)

BRI × ISO −0.349**

(−2.23)

Fixed asset investment 0.303*** 0.271***

(3.52) (3.14)

Human capital −0.000141 0.00119*

(−.27) (1.72)

Employment −0.00553* −0.00488*

(−1.72) (−1.95)

Secondary 0.00296 0.00303

(1.08) (1.14)

Tertiary 0.000114** 0.000260***

(2.56) (4.03)

Income −0.548*** −0.394**

(−2.92) (−2.10)

Technology −0.0538 −0.0803

(−0.61) (−0.89)

Intervention −0.00183* −0.00202*

(−1.75) (−1.89)

_cons 4.702*** 4.315***

(5.09) (4.80)

N 3,221 3,221

adj. R2 0.322 0.336

City FE Yes Yes

Year FE Yes Yes

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.
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GTFPit � β0 + β1BRIit + β2PM2.5it + β3BRIit × PM2.5it + αXit

+ δt + μi + εit .

(6)
From the regression results in Table 20, the interaction term

PM2.5 × BRI is significant at the 10% level. Thus, the BRI effectively
promotes GTFP in key provinces along the route through reducing
PM2.5 levels.

6 Conclusion and policy implications

This study adopts the PM2.5 levels as the measure of smog
pollution of 284 prefecture-level cities in China. Utilizing the
varying degree of different regions benefiting from the BRI, we

conducted a quasi-natural experimental design for BRI to evaluate
the impact of the BRI on the PM2.5 levels of key provinces using a
DID framework. The empirical results show that the BRI has
significantly reduced the PM2.5 levels in key provinces, and the
promoting effect is consistent in various robustness checks.
Moreover, the BRI demonstrates dynamic effects, characterized
by stronger impact every year. Moreover, we found that the BRI
can reduce PM2.5 levels through promoting technological
innovation and optimizing industrial structure. Furthermore, the
BRI’s impact on PM2.5 levels also exhibits heterogeneous effects.
Furthermore, through reducing PM2.5 levels, the BRI enhances
GTFP of key provinces along the route.

Based on the empirical results, this study proposes the
following policy implications. This study confirms the
beneficial impact of the BRI on lowering PM2.5 levels in key

TABLE 16 Silk Road Economic Belt versus the 21st Century Maritime Silk Road.

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

Silk Road Economic Belt 21st Century Maritime Silk Road

PM2.5 PM2.5 PM2.5 PM2.5

BRI −0.123* −0.123* −0.0137 −0.00216

(−1.90) (−1.88) (−0.45) (−0.06)

Fixed asset investment −0.101 −0.0973 −0.0785 −0.0178

(−1.52) (−1.40) (−1.17) (−0.28)

Human capital −0.0000943 −0.000111 −0.000135 0.000186

(−0.96) (−1.04) (−0.90) (0.81)

Employment −0.00127** −0.00125* −0.00148** −0.00105***

(−2.10) (−1.99) (−2.16) (−3.40)

Secondary −0.00121 −0.00127 −0.00198 0.000676

(−0.78) (−0.80) (−1.02) (0.43)

Tertiary 0.0000182 0.0000185 0.0000243* 0.00143

(1.39) (1.39) (1.95) (0.93)

Income −0.0510 −0.0518 −0.0595 −0.0795

(−0.89) (−0.90) (−0.97) (−1.35)

Technology −0.126*** −0.125*** −0.170*** −0.0246

(−3.31) (−3.30) (−3.02) (−1.24)

Intervention 0.000244 0.000250 0.000380 −0.000222

(0.96) (0.98) (1.23) (−1.21)

_cons 5.426*** 5.416*** 5.672*** 4.377***

(9.20) (8.86) (8.56) (9.47)

N 3,221 2,302 3,221 2,309

adj. R2 0.349 0.348 0.347 0.354

City FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.

Frontiers in Environmental Science frontiersin.org16

Jiang and Wu 10.3389/fenvs.2024.1452791

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1452791


provinces along the route, advocating for the continued
implementation of the BRI. To further mitigate environmental
and pollution transfer issues, it is advised to expand green
industries and embrace sustainable development. Besides, the
initiative is shown to enhance GTFP by reducing PM2.5 levels,
thus underscoring the environmental and economic benefits of
maintaining this initiative. Tests on the underlying mechanism
detect a positive relationship between technological innovation
and the reduction of PM2.5 levels in key provinces. We
recommend governmental support through policy incentives,
increased funding, and financial subsidies for innovation-
driven enterprises. Furthermore, enhancing technological
collaboration among the key provinces could bolster
technological advancements and demonstrate the critical

mechanism of innovation in environmental sustainability. The
study also highlights the importance of optimizing industrial
structure to further curtail PM2.5 pollution. The government is
encouraged to expedite the transition towards a more service-
oriented economy while diminishing the share of the secondary
sector. Not only does such restructuring contribute to reduced
PM2.5 levels, but also aligns with the broader environmental and
economic objectives of the BRI. Heterogeneity tests found that
the BRI’s influence on PM2.5 reduction varies regionally. The
disparity suggests a need for tailored environmental pollution
control policies, particularly in regions where PM2.5 reduction is

TABLE 17 East regions versus central and western regions.

(1) (2)

Eastern Central and western

PM2.5 PM2.5

BRI −0.289*** −0.467**

(−4.39) (−2.72)

Fixed asset investment 0.348*** 0.263*

(4.43) (2.00)

Human capital 0.000643 0.000886

(1.00) (0.98)

Employment −0.00317 −0.0143***

(−1.33) (−3.11)

Secondary 0.00706 0.00137

(1.27) (0.27)

Tertiary 0.0000545 −0.00491

(1.16) (−0.85)

Income −0.263 −0.602*

(−1.56) (−1.84)

Technology −0.190* −0.0876

(−1.91) (−0.75)

Intervention 0.00157 −0.00209**

(0.81) (−2.22)

_cons 3.690*** 5.697***

(3.40) (4.46)

N 1,306 1915

adj. R2 0.457 0.299

City FE Yes Yes

Year FE Yes Yes

χ2 0.178***

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.

TABLE 18 High administrative level cities versus low administrative level
cities.

(1) (2)

High administrative
level

Low administrative
level

PM2.5 PM2.5

BRI −0.271** −0.398***

(−2.55) (−3.22)

Fixed asset
investment

0.211 0.284**

(1.21) (2.43)

Human capital −0.000431 0.00200

(−1.09) (0.94)

Employment −0.00468 −0.00923

(−1.45) (−1.47)

Secondary 0.0137 0.00380

(0.60) (1.23)

Tertiary 0.0198 0.000111**

(0.82) (2.31)

Income 0.195 −0.542***

(0.60) (−2.86)

Technology −0.0450 −0.0948

(−0.33) (−1.04)

Intervention −0.00588 −0.00197*

(−0.39) (−1.85)

_cons 0.0358 5.000***

(0.02) (4.57)

N 228 2,993

adj. R2 0.365 0.310

City FE Yes Yes

Year FE Yes Yes

χ2 0.127***

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.
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less pronounced. This will allow more uniform environmental
improvements across all areas involved in the initiative.

We conclude by outlining related questions that are beyond this
study’s scope. Despite the positive findings, our results cannot answer
the broader questions of whether the BRI reduces other
environmental pollution. Using PM2.5 as the sole parameter of
environmental pollution may not fully reflect the complexity of the
issue. Besides, while this study has investigated the role of
technological innovation and the optimization of industrial
structures as potential underlying mechanism, more underlying
mechanism remains under researched. Furthermore, although this
study conducts a battery of heterogeneity tests, expansion can be done

on more heterogeneous effects on different dimensions, such as cities
of different levels of economic development and different industrial
structure. These issues warrant future research.

Data availability statement

The data analyzed in this study is subject to the
following licenses/restrictions: The data that support the
findings of this study are in Chinese and available from the
corresponding author upon reasonable request. Requests to

TABLE 19 High marketization versus low marketization.

(1) (2)

High
marketization

Low
marketization

PM2.5 PM2.5

BRI −0.300** −0.500***

(−2.31) (−4.38)

Fixed Asset
Investment

0.380*** 0.314**

(4.06) (2.66)

Human Capital 0.00143 0.000286

(0.87) (0.48)

Employment −0.0174* −0.00227

(−2.01) (−0.94)

Secondary 0.00117 0.00725

(0.38) (0.65)

Tertiary 0.000165*** 0.00183

(3.34) (0.17)

Income −0.352 −0.571**

(−1.50) (−2.12)

Technology −0.191** −0.0176

(−2.12) (−0.12)

Intervention −0.00239* −0.00556

(−1.99) (−1.51)

_cons 4.338*** 4.162***

(3.62) (4.12)

N 1,616 1,605

adj. R2 0.304 0.355

City FE Yes Yes

Year FE Yes Yes

χ2 test 0.200***

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.

TABLE 20 BRI impact on GTFP.

(1)

GTFP

PM2.5 −0.00309***

(−3.11)

BRI 0.0139***

(2.67)

PM2.5 × BRI −0.00416*

(−1.71)

Fixed asset investment −0.00148

(−1.16)

Human capital 0.000000372

(0.10)

Employment −0.0000498

(−1.32)

Secondary −0.0000270

(−0.60)

Tertiary 0.00000421***

(6.36)

Income 0.00352

(1.47)

Technology 0.000723

(0.47)

Intervention 0.0000227

(0.63)

_cons 0.988***

(91.75)

N 3,221

adj. R2 0.12

City FE Yes

Year FE Yes

t values in brackets. *, **, *** indicate significance levels of 10%, 5%, and 1%, respectively.
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