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Under the Belt and Road Initiative (BRI), promoting green innovation in
enterprises has been the central focus of the developmental strategy for
China and countries along the Belt and Road to ensure sustainable
development in line with the UN Sustainable Development Goals (SDGs)
related to the environment and development. This paper examines the driving
factors and heterogeneous mechanisms of the BRI in green technology
innovation, especially in collaborative vs. independent innovation modes,
utilizing a multi-period difference-in-difference model (DID) and micro-level
panel data of Chinese listed enterprises spanning from 2007 to 2021. We find that
the BRI has significantly stimulated the number of green innovations of
participating enterprises, primarily through the adoption of collaborative
innovation mode, and the BRI policies are more likely to induce green
innovation behavior of enterprises with high research and development (R&D),
high quality of environmental information disclosure, and non-state-owned
enterprises (SOEs), as well as in heavy-polluting industries. The
implementation of the BRI has led to increased support from the government,
financial institutions, and scientific research organizations to the participating
enterprises, which helps alleviate their financial constraints and enhance patent
transformation efficiency, and thus facilitate green innovation. These results are
robust across different regression specifications. This study contributes to the
existing literature on BRI’s environmental impact and green innovation with firm-
level evidence, and has important policy implications for the Chinese government
when promoting green innovation and internationalization of Chinese
enterprises.
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1 Introduction

The Belt and Road Initiative (BRI), which was launched in 2013, is a China-led global
infrastructure developmental strategy aiming at promoting economic development and
inter-regional economic, strategic, and cultural connectivity across the Eurasian continent
and Africa, and later extended to Latin America (Hall and Krolikowski, 2022). Despite some
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achievements, the BRI has attracted considerable debate and
conjecture over the past decade (Lai et al., 2020). Given that the
BRI involves large-scale, trillions of dollars of investments in
infrastructure, there is no doubt that the initiative faces
significant environmental challenges, especially in terms of the
ecological environment (Li et al., 2022; Zhang et al., 2023). To
address the environmental sustainability issue, the BRI International
Green Development Coalition (BRIGC) was established during the
second Belt and Road Forum in April 2019. Its primary aim is to
ensure long-term green and sustainable development, aligned with
the UN Sustainable Development Goals. The drive toward greening
the BRI enjoys support from leading innovative economies (Jiang
et al., 2021). Many participating countries have taken the
opportunity of the BRI to strengthen cooperation with the
Chinese government and enterprises in new energy,
environmental protection, and green infrastructure, creating a
sound atmosphere for green innovation (Xin et al., 2022).

Green innovation refers to the innovative activities in which
countries or enterprises use advanced technology to reduce the
destructive pollution of the ecological environment and improve the
utilization rate of resources, promoting the coordinated
development of the economy, society, and environment (Li et al.,
2022). Based on the patent application process, the innovation
modes can be divided into independent innovation and
collaborative innovation. The former refers to the autonomous
innovation activities conducted by enterprises, including research
and development (R&D), technological innovation, and product
innovation, and the latter involves innovation collaboration between
enterprises. The choice of innovation modes is determined by the
enterprise’s unique internal and external factors. It is believed that
with the implementation of BRI-related policies and initiatives,
forward-thinking Chinese enterprises are more likely to engage in
green technology innovation for sustainable development (Wang
et al., 2023).

This study aimed to investigate empirically the driving factors
and heterogeneous mechanism of green technology innovation and
innovation modes of Chinese enterprises by constructing a multi-
period DIDmodel using panel data covering the listed enterprises in
China from 2007 to 2021. The baseline empirical results show that
compared to the enterprises without any BRI-related investments
(the control group), those engaged in BRI investment projects (the
treatment group) have significantly increased the number of green
innovation patents, largely through the collaborative innovation
mode. Various robustness tests confirm this finding. Furthermore,
the heterogeneity analysis of enterprise characteristics provides
evidence that the BRI facilitates green technology innovation,
particularly in the collaborative innovation mode, for enterprises
that are privately owned with high levels of R&D investment and
high-quality environmental information disclosure, and favors
independent green innovation for enterprises operating in heavy-
pollution industries. It was also found that the government,
financial, and scientific research institutions play important roles
in driving green technology innovation through financial and
technical support to enterprises participating in the BRI
investments.

This study implies three major contributions to existing research
on the BRI and green innovation. First, in contrast to most of the
existing literature which focuses on the macroeconomic and

industry-level impacts of the BRI, this study provides new
evidence using firm-level panel data to address the concerns
about BRI’s environmental impact of technological innovation
and innovation modes for enterprises. Second, with a different
setting from the one-period DID model, this paper uses a multi-
period DID model with a series of robustness tests and firm-level
data at different times to assess the policy effects of the BRI on green
innovation in both collaborative and independent modes. The
multi-period DID model is more appropriate to the public
diplomacy narratives of the BRI and its implementation process,
given its capability of capturing the impacts of irregular and
inconsistent policy shocks. Finally, it provides policymakers with
important policy implications for the role played by the government
and financial institutions in facilitating green financing and
improving the efficiency of patent transformation, which helps
advance the understanding of the transmission mechanism of the
BRI in increasing green innovation under different modes.

The rest of this paper is arranged as follows: Section 2 provides a
brief literature review and sets the research hypotheses; Section 3
discusses the methodology and the model specification in this study;
Sections 4, 5 discuss the empirical results and conduct a robustness
check by considering the heterogeneity by incorporating enterprises’
R&D investment level, ESG score, ownership, and industry pollution
level. The final section concludes with some policy implications.

2 Literature review and research
hypothesis

2.1 Literature review

2.1.1 BRI’s economic and environmental influence
A large number of existing studies have studied the economic

and environmental influence of the BRI at the country and industry
levels. At the country level, studies have found that the BRI can
promote trade and investment cooperation between China and
countries along the Belt and Road, and generate positive spillover
on economic growth (Chen et al., 2019). As most of the countries
along the Belt and Road are rich in natural resources, they are more
inclined to develop resource-based industries, and hence face
increasing environmental problems arising from massive
consumption of fossil fuels (Tian et al., 2019). The greening of
the BRI drives the participating countries’ green and sustainable
economic growth through promoting energy efficiency and reducing
carbon emission, facilitating the transition of the BRI countries from
the high energy input and high emission-based developmental
model to a green growth model (Jiang et al., 2021).

At the industrial level, some studies apply Kojima’s comparative
advantage theory (Kojima, 1973) to the outbound investment of
Chinese enterprises, and report that the BRI will promote the
adjustment of comparative advantage industries and help transfer
the excess capacity in China. With the implementation of the BRI, it
was found that Chinese enterprises have increased investment in
environmental and infrastructure projects to promote the upgrading
of industrial structure and improvement of environmental
performance in countries along the route (Cheng and Qi, 2021);
they are also instrumental in promoting the flow of factors of
production and drive BRI countries to prioritize the allocation of
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factors of production to green and efficient production sectors (Rauf
et al., 2020). Most recently, some studies tend to examine the impact
of the BRI on enterprise operations, and report that the BRI can help
improve the internal control process of enterprises, expand the scale
of R&D investment, optimize the ownership structure, improve total
factor productivity, and achieve technological innovation
breakthroughs (Liu and Aqsa, 2020). Enterprises can also obtain
external funds through the BRI and take the opportunity to adapt to
the environmental regulation and financing rules of the
international market and green transformation (Lai et al., 2020).

2.1.2 Driving factors of enterprise green innovation
Green innovation refers to the development of advanced

technologies by enterprises considering environmental protection,
which is conducive to the improvement of enterprise performance
and national economic growth. Numerous factors influence the
green innovation of enterprises, and the existing literature primarily
examines the external environment and internal driving forces of
enterprises (Li et al., 2022).

External environmental factors include financing environment,
market environment, industrial environment, and policy
environment, among others. First, green innovation requires
financial support from multiple channels. A favorable financing
environment ensures sufficient cash flow for enterprises to sustain
their R&D investments, even when the output of scientific and
technological achievements is uncertain (Yu et al., 2021; Zeqiraj
et al., 2022). In addition, diversification and stability in financing
channels also significantly enhance the efficiency of green
innovation (Xiang et al., 2022). Second, the market environment
plays a crucial role in influencing the green innovation activities of
enterprises (Qiu et al., 2020). The demand for green products and
services in the market or the institution investors not only directly
impacts the innovation efforts of enterprises but also fosters
knowledge sharing among them, indirectly promoting green
innovation (Ali et al., 2019). Third, the diversification of
enterprise industries and specialization in technological fields
directly affect the efficiency of green innovation (Perruchas et al.,
2020). The relative position of enterprises in the industrial chain and
their ability to collaborate with other entities also influence the
transfer of knowledge (Wang and Hu, 2020). Last, the policy
environment has a significant impact on the green innovation of
enterprises. The way and degree of policy support, as well as the
developmental stage and industry of the enterprise, contribute to the
heterogeneity of this impact (Qi et al., 2021).

Among the internal driving forces, enterprise culture andmultiple
resource allocations also play a direct role in shaping green innovation
activities. First, corporate culture encompasses the values held by
employees. Different cultures lead to diverse practices and outcomes
in green innovation within enterprises (Weng et al., 2015). In
particular, during the stage of green transformation, companies
with a strong emphasis on social responsibility are more likely to
engage in green innovation activities (Yang et al., 2022). Second, as
businesses expand and gain market share, they often adjust the
allocation of knowledge, manpower, capital, and other resources.
This includes integrating internal knowledge resources, increasing
investments in research and development, training professionals,
addressing technological gaps, and expanding comparative
advantages in technology (Wu et al., 2022). Moreover, obtaining

external knowledge resources through collaboration and leveraging
different sources of knowledge is vital for enhancing the quality and
quantity of green technology within enterprises simultaneously.

2.2 Research hypothesis

2.2.1 BRI and enterprise green innovation behavior
Asmicro-participants in the green BRI, enterprises play a crucial

role in promoting green innovation and achieving low-carbon
transformation (Geng and Lo, 2022). From the perspective of
government policy support, participating enterprises can benefit
from government certification support and financial assistance.
These measures help enterprises access financing more easily,
alleviate liquidity constraints, and ensure the sustainability of
green R&D investment. In practice, the Chinese government has
provided various types of policy support, including green credit
from banks (Coenen et al., 2021), operational industry funds (Liu
et al., 2020), and tax incentives (Peng et al., 2022). Moreover, the
green BRI also sends a signal to the international market that the
Chinese government supports the green transformation of
enterprises. This will enhance the attention of international
investors toward environmentally friendly enterprises and attract
external funds for enterprises to carry out green innovation.

From the perspective of the competitive environment of
enterprises, there are significant differences in politics, economy,
and culture among countries along the Belt and Road. To meet the
diverse demand for green products in the international market,
participating enterprises need to enhance their product
competitiveness through innovation (Borsatto and Amui, 2019).
According to the theory of technical trade barriers, enterprises must
navigate the uncertain policy environment and address green trade
barriers in different countries simultaneously (Hu et al., 2022).
Therefore, to overcome trade barriers, enterprises need to actively
increase environmental expenditures, bridge gaps in low-carbon
technologies, and embrace social and environmental responsibilities
(Ayob et al., 2023).

According to the Porter hypothesis, the rising environmental
costs will compel enterprises to engage in green innovation activities,
improve resource utilization efficiency, and reduce pollutant
emission. In particular, in the uncertain international
environment, participating enterprises adopt green outbound
investment strategies to expand their presence in the
international market and allocate green R&D project funds
between home and host countries effectively (Liu et al., 2022).
This approach helps leverage the comparative advantages of
different markets, achieve economies of scale, and harness the
positive role of market competition in driving green innovation
for enterprises (Zhang et al., 2023). Based on the theoretical review,
we propose the following hypothesis:

Hypothesis 1. (H1). The BRI has significantly improved the green
innovation performance of enterprises.

2.2.2 BRI and enterprise green innovation modes:
collaborative or independent

Generally, enterprise innovation models are divided into
independent and collaborative innovation. Independent
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innovation refers to enterprises utilizing their own knowledge
elements for research and development, whereas collaborative
innovation involves enterprise restructuring and using their
internal knowledge resources innovatively in collaboration with
external knowledge resources (Wang et al., 2019; Rabadán et al.,
2020). Previous studies have demonstrated that compared with
traditional innovation, green innovation necessitates greater
knowledge resources and capital investment (Cao et al., 2023). It
is also more susceptible to external environmental uncertainties,
carries higher risks, and entails longer cycles. Consequently, in the
process of establishing a green BRI, the potential for green
cooperation and innovation plays a crucial role. Moreover,
during participation in international market competition,
enterprises are influenced by various factors, including industrial
policy adjustments, disparities in resource endowments,
technological knowledge foundations, and knowledge integration
capabilities (Katsikeas et al., 2019; Salunke et al., 2019). As a result,
enterprises exhibit significant heterogeneity in their selection of
technological innovation models.

From the perspective of industrial supply-chain policies and
resource endowments, there are significant differences in the
emerging advantageous industries, overcapacity industries, and
supporting industries which are supported by different regions
(Ju et al., 2015). Enterprises located in regions with a complete
industrial supply chain leverage the BRI to explore new markets,
allocate funds toward the research and development of core
technologies, and typically opt for independent innovation
models to reinforce the leading role of advantageous industries
(Cinnirella and Streb, 2017). However, during periods of industry
fluctuations or decline, technical support from other enterprises
becomes necessary for BRI construction enterprises. In such cases,
integrating the supply chain of upstream and downstream
enterprises through collaborative innovation modes facilitates
faster breakthroughs in technological bottlenecks, enhances
enterprise competitiveness in new markets, and leads to greater
profits (Wang and Hu, 2020).

From the perspective of technological knowledge foundation
and knowledge integration ability, countries along the Belt and Road
have gradually developed networks of knowledge, technology, and
innovation. The characteristics of enterprises within these networks
directly influence their choice of innovation models (Shi et al., 2020).
Enterprises with abundant knowledge accumulation in green
technology can quickly integrate resources, coordinate supply
chains, provide social value judgment information, and possess
the ability to innovate independently in the short term (Wu and
Si, 2022). However, BRI construction enterprises have relatively
weak knowledge accumulation in green technology. When they have
limited connections with other entities in the network, they tend to
adopt a collaborative innovation mode. This mode enables them to
strengthen the continuous transformation of green products and
address their own technological shortcomings through knowledge
spillover effects, thereby enhancing overall innovation efficiency.
Based on the above theoretical review, we propose the following
hypotheses:

Hypothesis 2a. After the implementation of the BRI, the
participating enterprise carrying out green innovation through
collaborative mode has significantly increased.

Hypothesis 2b. After the implementation of the BRI, the
participating enterprise carrying out green innovation through
independent mode has significantly increased.

3 Research design

3.1 Models

3.1.1 DID model
Different from the existing research, this study constructs a

multi-period DID model to verify the impact of the BRI on green
technology innovation in Chinese enterprises. The multi-period
DID model assumes that the time points at which all samples in
the treatment group are affected by policy shocks are not completely
consistent, which is more in line with the actual situation of China’s
BRI (Wang et al., 2023). Therefore, this study constructs the
following model:

Ginnoit , Indepit ,Collabit{ } � α0 + α1TreatitpPostt + α2Xit + μi

+ λt + εit ,

(1)
where Ginnoit, Indepit, andCollabit represent the number of green
patent technology applications, and the number of independent or
collaborative applications, respectively; treatit is the disposal
variable; a value of 1 is assigned to the group of enterprises
participating in the BRI; otherwise, it is 0; postt represents the
pseudo variable of 2013 BRI implementation time; postt � 1
indicates after policy implementation (t≥ 2013); otherwise, it is 0;
μi is a fixed effect in the industry, which can eliminate potential
confounding factors at the industry level; and λt is an annual fixed
effect that can eliminate the mixed effects of special year
emergencies at the overall level.

3.1.2 Mediating effect model
Further analyzing the mechanism of action, this study uses a

mediating effect model to test the transmission mechanism of the
BRI in increasing the innovation of enterprises, mainly including
two paths: alleviating financial constraints and improving the
efficiency of patent achievement conversion. The specific models
are as follows:

Mediateit � β0 + β1TreatitpPostt + β2Xit + μi + λt + εit , (2)
Ginnoit , Indepit ,Collabit{ } � γ0 + γ1TreatitpPostt + γ2mediateit

+ γ3Xit + μi + λt + εit .

(3)
The mediating variables are enterprise financial constraints

(hereafter KZ) and innovation transformation efficiency
(hereafter Trans), respectively.

3.2 Data description

3.2.1 Sample selection
This study selects financial data and green patent technology data

of Chinese listed enterprises from 2007 to 2021 as research samples, to
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analyze the micro-impact of the BRI on green innovation of
enterprises. Starting from January 2007, Chinese listed enterprises
were required to disclose mandatory information in the annual reports
by the new accounting standards. The content of environmental
information disclosure becomes quantitative indicators, and the
motivation for companies to voluntarily disclose information is
increasing, which has improved the accuracy of financial data.
Therefore, the sample selection began in 2007.

Financial data of all listed enterprises participating in the BRI are
from the Wind database and CSMAR database. This study conducts
the following data processing. We excluded samples with missing
ST, *ST, and financial data, and also removed those samples from
the financial industry that went public that year. To eliminate
heteroscedasticity, we take the natural logarithm of all
continuous variables and perform tail reduction at the 1% and
99% levels. Finally, a balanced panel of data consisting of
12,585 observations was obtained.

3.2.2 Variable definitions
3.2.2.1 Dependent variables

This study gauges the green innovation behavior of enterprises
by assessing the number of patents they have applied for in the field
of green technology (Hao and He, 2022; Xin et al., 2022). Compared
to the proxy indicator of R&D investment costs, this study takes a
more comprehensive approach by including both invention patents
and utility model patents, which measure the R&D process and
innovation outcomes of the enterprise. The method for constructing
this indicator is outlined below:

Number of green technology innovations (Ginno): The data on
enterprise green patents are obtained from the CIRD sub-database of
the CNRDS database. This database is categorized based on the
International Patent Classification (IPC). To identify green patents,
the list of green patents published by the World Intellectual Property
Organization (WIPO) was used in this study. The patent identification
numbers are refined to the smallest level and matched with the CIRD
font classification statistics. Therefore, the total number of green patents
is obtained by including the count of green invention applications, green
utility model applications, and granted patents.

In addition, we focus on the knowledge spillover effect of the BRI
when we assess the benefits of the enterprise choice of independent
innovation mode or collaborative innovation mode. As discussed
earlier, innovation activities can be classified into independent
innovation and collaborative innovation. Generally, enterprises tend
to adopt independent innovation to have better control over innovation
costs and strategic decisions. However, in the context of the BRI,
companies may have a strong interest in carrying out collaborative
green technology innovation to align with international green standards
and meet the requirements of low-carbon transformation. This allows
for technology spillover effects and better matching of output products
with the international market, catering to the needs of international
investors. This study aimed to compare the green patent construction of
individual applicants and collaborative applicants (two or more
applicants) to explore the differences in the organizational form of
green technology innovation under the BRI.

3.2.2.2 Independent variables
Determination of the policy impact time (postt): As mentioned

earlier, the BRI was officially proposed in 2013 as a milestone event

for China’s participation in international economic and trade
cooperation. Enterprises involved in cities or regions along the
BRI route responded quickly and accelerated the implementation
of this policy. Therefore, consistent with the study by Jiang et al.
(2022), 2013 was used as the policy impact base year in this study.

Sample selection for treatment groups (treatit): Enterprises with
investment destinations in BRI countries after 2013 were selected as
the treatment group in this study. Specifically, by matching the
names of the listed enterprises with the List of Overseas Investment
Enterprises (Institutions) published on the website of theMinistry of
Commerce of China, enterprises with investment destinations in
BRI countries will be set as the treatment group, and enterprises that
have not participated in foreign direct investment will be set as the
control group. Finally, the BRI concept section in the Tonghua
database was used for the synchronous verification of the listed
enterprises involved.

3.2.2.3 Control variables
Control variables according to existing studies were selected in

this study. At the company level, variables such as asset size (Size),
financial level (Lev), ownership concentration (Top10), return on
equity (Roe), finance expense (Fexp), general and administrative
expense (GAexp), growth rate of total assets (Growth), R&D
expenditure (RDexp), and number of executions (Igov) were
used as control variables in this study. Finally, to control
unknown heterogeneity in the model, we control for the year
and industry dummies. The list of all the variables is summarized
in Table 1.

4 Empirical results

4.1 Descriptive statistics and
correlation analysis

4.1.1 Descriptive statistics
Table 2 presents the descriptive statistics of the main variables.

Among them, green innovation (Ginno) has a mean of 1.152 with a
variance of 1.502, whereas both independent innovation (Indep) and
collaborative innovation (Collab) have a mean of 1.017 and
0.362 with a variance of 1.405 and 0.938, respectively. The gap
between the two variables is smaller than that of total invention
patents, which reflects the jaggedness between the number of
independent and the collaborative ones. In addition, the average
enterprise debt ratio (Lev) is 0.482, and 52.054% of the sample
enterprises are higher than this value, which reflects the
representative of the sample selection.

4.1.2 Correlation analysis
The correlation coefficient of the main variable indicates that

the BRI is positively correlated with all three types of green
innovation at a 1% significant level, thus preliminary verifying
Hypothesis 1. In addition, as shown in Supplementary Table S1,
the correlation coefficients between each explanatory variable and
the dependent variable are all less than 0.5; the variance inflation
factor (VIF) results with a maximum value of 1.61 indicate that
there is no serious problem of multi-collinearity among
our variables.
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4.2 Regression results

4.2.1 Baseline empirical results
Starting from the quasi-natural experiment of the

implementation of the BRI, we estimate the multi-period DID
model specified in the previous section to examine the impact of
the BRI on green innovation in enterprises. Table 3 reports the
estimation results, in which columns (1)–(3) do not include control
variables, whereas columns (4)–(6) provide benchmark regression
models after controlling for enterprise characteristics. The results

indicate that after using the least squares dummy variable (LSDV)
technology to control for industrial and annual fixed effects,
regardless of whether the enterprise characteristic variable is
included, the coefficient of Treat*Post with Ginno is significantly
positive at the 5% level, whereas the coefficient of Collab is
significantly positive at the 1% level. This indicates that the green
innovation level of enterprises participating in the BRI is higher than
that of its counterpart, and this phenomenon is more pronounced
among enterprises willing to cooperate with others. This finding
supports Hypothesis 1 and Hypothesis 2a. From an economic
perspective, columns (4) and (6) indicate that after participating
in the BRI, the levels of green innovation and collaborative
innovation have significantly increased by 6.7% and 6.5%,
respectively.

In addition, the regression results of the control variables, as
reported in columns (4)–(6), show that the coefficients of
enterprise size, general and administrative expenses, and R&D
expenditure are significant with expected signs, indicating that
large-scale and financially self-sufficient enterprises have
stronger green innovation motivation. On the other hand, the
ownership concentration and the finance expense coefficients are
significantly negative. The possible explanation is that due to the
high cost of technological innovation, the long capital
occupation period, and the potential risk of asymmetric
investment return, the principal–agent problems occur when
the short-sighted managers of enterprises with a high degree
of ownership concentration or capital constraint act in their
interests, which will weaken the momentum of green innovation.
In addition, after adding the control variables reflecting
the characteristics of the enterprise, the adjusted R2 values
increased to 0.372, 0.334, and 0.215, indicating the
explanatory power of our model.

TABLE 1 Variable definition.

Variable Symbol Definition

Green innovation Ginno Number of green patents

Independent green innovation Indep Number of green patents for independent applicants

Collaborative green innovation Collab Number of green patents for collaborative applicants

Participating enterprises Treat Whether the enterprise has participated in the construction of the BRI. If the enterprise participates in the BRI, the value is
assigned as 1; otherwise, it is 0

Belt and Road Initiative Post BRI dummy variable, assigned a value of 0 earlier than 2013; otherwise, it is 1

Asset size Size Total enterprise assets

Financial leverage Lev Total liabilities/total assets

Ownership concentration Top10 Top 10 shareholders of the enterprise account for the total share capital

Return on equity Roe Net profit margin/total assets

Finance expenses Fexp Expenses incurred by an enterprise in raising funds for production and operation

General and administrative
expense

GAexp Expenses incurred by the administrative department of an enterprise in organizing and managing production and business
activities

Growth rate of total assets Growth Total assets of the current year–total assets of the previous year/total assets of the previous year

R&D expenditure RDexp Total R&D expenditure of the enterprise/total business income of the enterprise

Number of executives Igov Number of senior supervisors

TABLE 2 Summary statistics.

Variable Obs Mean S.D. Min Max

Ginno 12,585 1.152 1.502 0 8.080

Indep 12,585 1.017 1.405 0 6.950

Collab 12,585 0.362 0.938 0 8.026

Size 12,585 22.584 1.412 19.122 28.636

Lev 12,585 0.482 0.189 0.007 1.056

Top10 12,585 8.574 0.305 7.148 9.243

Roe 12,585 0.074 0.230 −20.992 1.117

Fexp 12,090 −0.918 2.869 −8.038 2.471

GAexp 12,585 −0.744 0.775 −1.194 −0.382

Growth 12,557 0.007 6.469 −0.226 0.437

RDexp 12,585 0.242 1.310 −9.210 4.065

Igov 12,585 2.912 0.201 1.386 4.007
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4.2.2 PSM–DID estimation
To assess the overall impact of the BRI quasi-natural

experiment more accurately, we consider the influencing
factors that drive investment decisions related to BRI
participation, encompassing financial constraints, production
efficiency, and various other pertinent elements. Referring to
existing literature, PSM-DID was further used to mitigate the
potential bias caused by this impact.

A control group was constructed in this study with observation
characteristics similar to those participating BRI enterprises to solve
the problem of selection bias in the sample. Specifically, the nearest
neighbor matching and kernel matching methods are used to
determine the weights of matching indexes. The propensity score
was estimated by variables such as the leverage ratio, the proportion
of top 10 shareholders, the growth rate of net assets, and the intensity
of R&D investment, and the regression result was obtained by the
logit model. In Table 4, columns (1)–(3) present the nearest

neighbor matching results, and the matching mode is 1:6;
columns (4)–(6) present the results of the kernel matching
method. The empirical results are consistent with the baseline
empirical results, indicating that the BRI has a significant positive
impact on enterprises to improve the quantity of green innovation
and the formation of collaborative innovation.

4.3 Robustness check

4.3.1 Parallel time trend test
The premise of using the DID method is that the treatment

group and the control group must meet the common parallel
trend test, implying that if the BRI policy is not implemented,
there is no systematic difference in the change in the time trend
of enterprise green innovation. Therefore, the parallel trend of
the number of green innovations and the mean value of the

TABLE 3 Baseline regression results of the B&R Initiative’s impact on green innovation.

Variable Ginno Indep Collab Ginno Indep Collab

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

Treat*Post 0.073** 0.052* 0.048** 0.067** 0.037 0.065***

(2.369) (1.767) (2.432) (2.364) (1.334) (3.410)

Size 11.287*** 9.174*** 6.484***

(42.352) (35.713) (36.421)

Lev 0.608*** 0.745*** −0.066

(7.781) (9.891) (-1.256)

Top 10 −0.065* −0.091** 0.055**

(−1.658) (−2.409) (2.103)

Roe 0.136 0.050 −0.061

(1.000) (0.381) (−0.672)

Fexp −0.048*** −0.052*** −0.007

(−6.675) (−7.516) (−1.384)

GAexp 0.088*** 0.079*** 0.064***

(4.864) (4.527) (5.292)

Growth 0.036 −0.030 0.058

(0.213) (−0.187) (0.518)

RDexp 0.201*** 0.190*** 0.058***

(19.665) (19.360) (8.578)

Igov −0.087 −0.046 −0.078*

(−1.424) (−0.786) (−1.920)

Constant 1.123*** 0.996*** 0.337*** 44.606*** 36.408*** 25.114***

(75.665) (71.193) (35.650) (36.335) (30.770) (30.625)

Observations 12,585 12,585 12,585 12,076 12,076 12,076

Adjusted R2 0.209 0.198 0.095 0.372 0.334 0.215

Note: all models include the year (FE) and industry (FE), with robust standard errors corrected. T-statistics are in parentheses. ***, **, and * denote significance at 1%, 5%, and 10%, respectively.
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structural characteristics of independent and collaborative
innovation in enterprises during 2010–2017 was examined in
this study.

Figures 1A, C show that the sample group classification under
the form of green innovation quantity and collaborative
innovation meets the requirement of the parallel trend before
the BRI policy. The coefficients of both in 2010–2013 are smaller
than those after 2013, and the regression coefficients of the two
periods after the BRI are significantly positive at the 95%
confidence interval and gradually expand (the coefficient in
2017 is higher than that in 2016). The results suggest that the
BRI has a positive impact on the green innovation behavior of
enterprises in the long term. In contrast, Figure 1B shows that the
coefficient in the form of independent innovation does not satisfy
the parallel trend test, which is consistent with the previous
theoretical analysis.

4.3.2 Alternative dependent variables
We turn to the robustness check of the results by using an

alternative measure for green innovation. To better determine
whether the weight of green innovation in all innovation patents

has increased, we use the relative proportion index instead of the
quantity indicator mentioned earlier, which is defined as the ratio of
the number of green patent applications in that year over the
number of all patent applications (Ginno_ratio). The calculation
method for the independent innovation rate and collaborative
innovation rate of patents is the same. The regression results in
columns (1)–(3) of Table 5 show that the enterprises participating in
the BRI continue to enhance their overall and collaborative green
transformation power, which proves the robustness of the
regression results.

In addition, there are notable differences in the level of economic
development, investment and financing policies, and degree of
financial easing across the provinces in China (Xin et al., 2022;
Liu and Yang, 2023). These confounding factors may interfere with
the research results. Therefore, we include the fixed effects of
provinces, years, and industries in the model estimations. The
results in columns (4)–(6) of Table 5 indicate that after
controlling for provincial characteristics, the overall and
collaborative green innovation coefficients of enterprises
participating in the BRI show an upward trend, further proving
the robustness of our conclusions.

TABLE 4 Robust regression results of the PSM–DID model.

Variable Neighbor matching Kernel matching

Ginno Indep Collab Ginno Indep Collab

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

Treat*Post 0.069** 0.038 0.065*** 0.068** 0.037 0.065***

(2.418) (1.381) (3.409) (2.377) (1.346) (3.402)

Constant 44.778*** 36.585*** 25.129*** 44.647*** 36.442*** 25.127***

(36.386) (30.854) (30.515) (36.355) (30.790) (30.620)

Control variables Yes Yes Yes Yes Yes Yes

Observations 11,988 11,988 11,988 12,071 12,071 12,071

Adjusted R2 0.373 0.335 0.215 0.372 0.334 0.215

Note: all models include the year (FE) and industry (FE), with robust standard errors corrected. T-statistics are in parentheses. ***, **, and * denote significance at 1%, 5%, and 10%, respectively.

FIGURE 1
Parallel trend test. (A) Impact coefficient of the BRI on corporate green innovation, (B) impact coefficient of the BRI on independent innovation, and
(C) impact coefficient of the BRI on collaborative innovation.
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4.3.3 Placebo test
We continue the robustness check by conducting a placebo test

on the baseline regression results. We lead the policy-impacted time
point by 1 and 2 years, respectively, and add the virtual policy
impact variable to the benchmark regression equation as the control
variable. The results show that whether the policy shock time is led
by 1 or 2 years, the coefficient of the realized policy shock variable is
still positive and significant after adding the dummy variables of
policy shock. The regression results also indicate that 2013 as the
BRI policy impact starting point is reasonable.

To assess the placebo test results, we conducted a simulation by
randomly allocating the BRI policy shock dummy variable to each
enterprise and then run regression analysis on the dummy policy
shock variables using three dependent variables to obtain the
regression coefficients of the dummy policy shock variables. The
above process is repeated 500 times, and the distribution of policy
impact regression coefficients is shown in Figure 2. Comparing it
with the regression coefficients of actual BRI policy impact variables,
the results further demonstrate the robustness and credibility of the
benchmark regression results. The regression coefficients of the
virtual policy shock variables in Figures 2A–C are all very close
to zero. The coefficients obtained from the regression of the three

explained variables on the virtual policy shock variables are
significantly different from the regression coefficients of the
actual BRI policy shock variables, which can exclude the
interference of unobserved variables and non-random factors on
the estimation results.

5 Further discussions

5.1 Heterogeneity analysis

To further examine the heterogeneous impact of the BRI on
enterprises’ green innovation and to provide targeted suggestions for
incentive green innovation, we conduct the heterogeneity
regressions based on four micro-characteristics of enterprises,
namely, R&D investment level, ESG score, ownership, and
industry pollution level.

5.1.1 Heterogeneity of the R&D investment level
Table 6 reports the estimation results of the enterprise R&D

investment level of the BRI on their green innovation. Columns (1)
and (2) show the empirical results of the influence of the BRI on the

TABLE 5 Robust regression results of alternative measures of green innovation.

Variable Ginno_ratio Indep_ratio Collab_ratio Ginno_ratio Indep_ratio Collab_ratio

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

Treat*Post 0.025** 0.011 0.027*** 0.028** 0.012 0.040***

(2.170) (1.033) (3.537) (2.153) (0.960) (4.632)

Constant 17.164*** 13.807*** 9.817*** 16.842*** 13.586*** 9.345***

(34.919) (28.867) (29.839) (33.782) (27.946) (27.908)

Control variables Yes Yes Yes Yes Yes Yes

Province FE No No No Yes Yes Yes

Observations 12,076 12,076 12,076 12,076 12,076 12,076

Adjusted R2 0.368 0.326 0.206 0.385 0.341 0.222

Note: all models include the year (FE) and industry (FE), with robust standard errors corrected. T-statistics are in parentheses. ***, **, and * denote significance at 1%, 5%, and 10%, respectively.

FIGURE 2
Placebo test. (A) Random density distribution of green innovation of enterprises, (B) random density distribution of independent innovation of
enterprises, and (C) random density distribution of the collaborative innovation of enterprises.
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number of green patent applications for enterprises under high or
low R&D investment levels, respectively. It was found that the
influence coefficient of the BRI on enterprises with strong R&D
investment is equal to 0.070, which is significant at the 5% level, but
the influence coefficient of enterprises with weak R&D investment
is not significant. Similarly, columns (3)–(6) show the influence of
the BRI on independent innovation and collaborative innovation
under the sample of strong and weak R&D investment levels.
Among them, the influence coefficient of the BRI on the
collaborative innovation of enterprises engaged in R&D
investment is 0.121, and it is significant at the 5% level. The
results suggest that the BRI can promote high R&D investment
enterprises to carry out green innovation, especially for
collaborative innovation.

The explanation is as follows: the level of R&D investment largely
reflects the willingness and ability of the green innovation of an
enterprise. An enterprise with high R&D investment is generally
associated with strong liquidity and innovation vitality. To better
adapt to the environmental changes of the BRI, renovation active
enterprises are more likely to move up to the high-end industrial
supply chain based on their core technologies and product innovations,
which will allow them to gain regional market recognition. Thus, this
will form a virtuous circle of technological innovation and market
recognition.

5.1.2 Heterogeneity of the ESG score level
Table 7 reports the estimation results of the heterogeneous

influence of the BRI on enterprises with a high ESG score.
Columns (1), (3), and (5), respectively, show the empirical results
of the influence of the BRI on the number of green patent
applications, independent innovation, and collaborative
innovation of enterprises with high ESG scores. The influence
coefficients of the BRI on green innovation, independent
innovation, and collaborative innovation of enterprises with high
ESG scores are 0.121, 0.074, and 0.092, respectively, and they are
significant at least at the 5% significant level. The results suggest that
the BRI can significantly increase the number of green patent
applications, independent innovation, and collaborative
innovation for enterprises with high ESG scores. The finding is

consistent with our casual observation that the BRI is likely to attract
and encourage the renovation capable enterprises with high ESG
scores to participate, which in turn further motivates their green
technology innovation power.

This can be explained as follows: at the World Climate
Conference in Copenhagen in 2009, China announced that its
carbon emissions per unit of GDP would be reduced in 2020 by
40%–45% compared to that in 2005. Since then, the Chinese
government has implemented measures to encourage enterprises
to adopt and accelerate the transition to a low-carbon model. Higher
ESG enterprises help reduce agency costs and information
asymmetry between firms and investors, and ultimately enhance
the level of stock liquidity and shareholder wealth. This motivates
and drives firms to go further “green,” especially in green technology
innovation.

5.1.3 Heterogeneity of ownership enterprises
China’s state-owned enterprises (SOEs) play an important

role in the implementation of the BRI, especially in large-scale
overseas infrastructure projects. Compared with non-SOEs, SOEs
are financially less constrained and enjoy a privileged position in
the domestic financial market (Qi et al., 2018; Qi et al., 2021),
which provides them with financial advantage in engaging in
large-scale R&D investment and new-product production and
circulation (Jiang et al., 2022). Given their privileged position in
the political economic system and low autonomy and
accountability, SOEs are normally viewed to have a lower level
of risk management practice and awareness, as well as SOEs are
innovation-motivated when compared to the non-SOEs. On the
other hand, although the non-SOEs have a high flexible decision-
making mechanism, they are usually credit- and manpower-
constrained, which leads to low willingness to participate in
green transformation. The BRI can help alleviate the financial
and human resource constraints of non-SOEs through an
expanded market access along the BRI route, which allows
non-SOEs to build and gain substantial momentum in
innovation.

Table 8 presents the estimation results of the ownership-based
heterogeneous influence of the BRI on innovation; in particular,

TABLE 6 Regression results of heterogeneity of the R&D investment level.

Variable R&D investment Ginno Indep Collab

High Low High Low High Low

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

Treat*Post 0.070** 0.074 0.023 0.097 0.121*** −0.102**

(2.238) (1.150) (0.762) (1.511) (5.942) (−2.065)

Constant 41.150*** 70.013*** 33.184*** 60.084*** 22.373*** 44.914***

(32.361) (17.985) (27.187) (15.436) (27.011) (15.101)

Control variables Yes Yes Yes Yes Yes Yes

Observations 10,449 1,627 10,449 1,627 10,449 1,627

Adjusted R2 0.359 0.459 0.324 0.396 0.185 0.363

Note: all models include the year (FE) and industry (FE), with robust standard errors corrected. T-statistics are in parentheses. *** and **denote significance at 1% and 5%, respectively.
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columns (2), (4), and (6), respectively, report the empirical results
of the BRI influence on non-SOEs’ number of green patent
applications, independent innovation, and collaborative
innovation. The coefficients of the BRI are 0.195, 0.176, and
0.122, respectively, and they are all significant at the 1% level.
The results suggest that the BRI can significantly increase the
number of green patent applications, independent innovation, and
collaborative innovation for China’s non-SOEs. The finding lends
support to our proposition that the BRI can help alleviate non-SOE
financial and human resource constraints through expanded
market access along the BRI route and promote non-SOE
innovation momentum. However, given that China’s SOEs
cover a wide range of strategic sectors, especially in heavy-
polluting industries and utilities such as coal, steel, and cement,
and also face complex problems such as overcapacity and technical
bottlenecks, the heterogeneous results can be possibly biased.
Therefore, it is necessary to conduct some further analyses
about the heterogeneous influence brought by the
characteristics of heavy-polluting industries in the next
sub-section.

5.1.4 Triple difference model of heavy-polluting
industry enterprises

To deal with the endogenous problem, we run a triple
difference (DDD) model by Supplementary Eq. S1 to assess the
heterogeneous impact of the BRI on green innovation in China’s
heavy-polluting industries only, and Table 9 reports the results.
Table 9 shows that the coefficient of Treat*Post*Indpoll is
significantly positive in the overall green innovation and
independent innovation forms, and both are significant at the
5% level. The results are consistent with the early findings that the
BRI has significantly enhanced the level of green innovation in
Chinese heavy-polluting industries, due to the greening of the BRI
and increasingly the environmental governance.

In summary, our heterogeneity analysis provides additional
information about the impact of the BRI on firm green
innovation. The BRI can promote green innovation, especially
the collaborative mode of green innovation, for the participating
enterprises with high R&D and high ESG scores, as well as
enterprises in the heavy-polluting industries. In addition, as the
BRI can help alleviate non-SOE financial and human resource

TABLE 7 Regression results of heterogeneity of the ESG score level.

Variable
ESG score

Ginno Indep Indep

High Low High Low High Low

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

Treat*Post 0.121*** −0.025 0.074** −0.018 0.092*** 0.018

(3.201) (−0.416) (2.019) (−0.305) (3.367) (0.418)

Constant 51.878*** 50.707*** 41.792*** 42.760*** 32.915*** 29.030***

(29.492) (15.086) (24.590) (12.989) (25.995) (12.207)

Control variables Yes Yes Yes Yes Yes Yes

Observations 6,217 2,634 6,217 2,634 6,217 2,634

Adjusted R2 0.398 0.322 0.352 0.292 0.269 0.163

Note: all models include the year (FE) and industry (FE), with robust standard errors corrected. T-statistics are in parentheses. *** and **denote significance at 1% and 5%, respectively.

TABLE 8 Regression results of heterogeneity of ownership enterprises.

Variable ownership Ginno Indep Indep

SOEs Non-SOEs SOEs Non-SOEs SOEs Non-SOEs

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

Treat*Post −0.032 0.195*** −0.070** 0.176*** 0.024 0.122***

(−0.868) (4.337) (−1.999) (4.043) (0.936) (4.420)

Constant 48.204*** 37.694*** 39.590*** 30.451*** 27.968*** 18.885***

(30.415) (18.606) (26.028) (15.460) (25.368) (15.125)

Control variables Yes Yes Yes Yes Yes Yes

Observations 7,699 4,377 7,699 4,377 7,699 4,377

Adjusted R2 0.406 0.336 0.368 0.303 0.254 0.140

Note: all models include the year (FE) and industry (FE), with robust standard errors corrected. T-statistics are in parentheses. *** and **denote significance at 1% and 5%, respectively.
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constraints due to the expanded market access, the initiative can
significantly enhance non-SOE green innovation, in particular, in
both the collaborative and independent modes.

5.2 Transmission mechanism of the BRI

To further advance our understanding of the transmission
mechanism of the BRI in increasing green innovation, we assess
the impact of the BRI on the level of green innovation by first
considering the easing of the financial constraints of firms and then
the efficiency improvement of innovation transformation.

5.2.1 Mediating effects of financial constraints
We estimate Eqs 2, 3 to assess BRI’s transmission mechanism in

increasing green innovation by considering alleviating the financial
constraints of the firms, and Table 10 reports the estimation results.
Table 10 shows that the cross-term coefficient is significantly
positive in column (1), indicating that enterprises’ participation
in the BRI is helpful in improving good capital liquidity and
alleviating financial constraints. Then, in columns (2) and (4), it
was found that the coefficient of the interaction item is significantly
positive at least at the 5% significant level, but the coefficient of the
KZ index is not significant, so the Sobel test is needed. Sobel test
values are significant at the 1% level, which shows that financial

TABLE 9 DDD regression results of heavy-polluting industry enterprises.

Variable Ginno Indep Collab

(1) (2) (3)

Treat*Post*Indpoll 0.162** 0.171** 0.036

(2.102) (2.309) (0.663)

Treat*Post 0.093** 0.064* 0.061**

(2.570) (1.832) (2.368)

Treat*Indpoll −0.387*** −0.385*** −0.092***

(−7.770) (−8.027) (−2.600)

Post*Indpoll −0.366*** −0.365*** −0.069**

(−8.806) (−9.126) (−2.339)

Constant 45.187*** 36.882*** 26.505***

(36.575) (31.044) (30.325)

Control variables Yes Yes Yes

Observations 12,076 12,076 12,076

Adjusted R2 0.386 0.350 0.217

Note: all models include the year (FE) and industry (FE), with robust standard errors corrected. T-statistics are in parentheses. ***, **, and * denote significance at 1%, 5% and 10%, respectively.

TABLE 10 Regression results of mediating effects of financial constraints.

Variable KZ Ginno Indep Collab

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

Treat*Post 0.211*** 0.070** 0.039 0.066***

(9.828) (2.441) (1.419) (3.442)

KZ −0.012 −0.012 −0.004

(−0.968) (−1.019) (−0.516)

Constant 21.599*** 44.858*** 36.664*** 25.204***

(23.271) (35.745) (30.312) (30.064)

Control variables Yes Yes Yes Yes

Observations 12,076 12,076 12,076 12,076

Sobel test — 0.053*** 0.048*** 0.024***

Adjusted R2 0.425 0.372 0.334 0.215

Note: all models include the year (FE) and industry (FE), with robust standard errors corrected. T-statistics are in parentheses. *** and **denote significance at 1% and 5%, respectively.
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constraints have partial mediation effects in the
aforementioned mechanism.

The possible reasons are as follows: As an enterprise’s participation
in the BRI construction may send positive signals to international
investors, it helps enhance its public recognition and reputation, and
attract foreign investment through enlarged financing channels and
market access. On the other hand, the regional governments and
financial institutions in China also provide favorable fiscal incentives
and financial supports to enterprises participating in the BRI
construction, including providing low interest rate green loans and
reducing trade tariffs, which helps alleviate the financial constraint of
those enterprises related to the BRI. Thus, the BRI can help ease the
financial constraints of enterprises and promote the green innovation
transformation of enterprises.

5.2.2 Mediating effects of patent achievement
conversion

Table 11 shows the estimation results on the transformation
channels of patent achievements. It can be observed that the
coefficient of interaction is significantly positive in column (1),
indicating that enterprises participating in the BRI can improve
the efficiency of patent technology transformation. Then, in
columns (2), (3), and (4), the coefficients of mediating variables
are 0.103, 0.088, and 0.063, respectively, and they are all significant
at the 1% level, which suggests that the transformation of patent
achievements has produced a full mediation effect in the
aforementioned mechanism. The findings are consistent with our
causal observation. On the one hand, enterprises participating in the
BRI can transfer excess production capacity and technological
advantages effectively through tech-innovation channels to gain
the needed liquidity support for their R&D expenditures. On the
other hand, to participate in the BRI, enterprises need to gain access
to the advanced technological means in BRI countries. This will help
facilitate knowledge spillovers and technology transfer, and enhance
the efficiency of patent conversion. As a consequence, technological
progress and improved efficiency of the patent transformation
through BRI participation will promote eco-efficiency and the
total factor productivity (TFP) of firms. Thus, the BRI plays an

instrumental role in bringing in and driving out patent technology
transfer and improving the efficiency of patent transformation.

6 Conclusion and policy implications

This paper empirically examines the driving factors and
heterogeneous mechanisms influencing green technology
innovation and innovation modes among Chinese listed
enterprises participating in BRI projects. To capture the impact
of inconsistent policy shocks, we construct a multi-period DID
model using panel data of Chinese listed enterprises spanning from
2007 to 2021. The primary findings can be summarized as follows:

First, the BRI positively impacts the number of green innovation
patent applications and significantly promotes collaborative innovation.
Several robustness checks confirm this finding. Second, it is noteworthy
that the BRI promotes non-SOEs, and enterprises with high R&D
investment and ESG scores to engage in green technology innovation,
especially in the collaborative innovationmode. The BRI also favors the
green innovation of enterprises in heavy-polluting industries, especially
for their independent innovation. Finally, it was found that the sources
of the BRI influence on enterprises’ green innovation largely stem from
government support, financial institutions, and scientific research
institutions aiding enterprises involved in BRI construction. This
support operates through two channels: easing financial constraints
and enhancing the efficiency of patent transformation.

Our findings have several important policy implications. First, to
promote firms “going global and going green” along the Belt and Road,
the government should focus on certain policy measures intended to
alleviate the financial constraints of firms and improve the efficiency of
patent transformation of the enterprises. Second, the BRI promotes
green innovation of enterprises not only in terms of quantity but also in
quality through enhanced connectivity along the Belt and Road and
improved efficiency of innovation resource allocation and spillover
effects. Our results suggest that enterprises, especially in the heavy-
polluting industries, can enhance their collaborative and green
innovation and transformation in both the upstream and
downstream of the industrial supply chain by actively participating

TABLE 11 Regression results of mediating effects of patent achievement conversion.

Variable Trans Ginno Indep Collab

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

Treat*Post 0.216*** 0.045 0.018 0.051***

(8.577) (1.585) (0.641) (2.691)

Trans 0.103*** 0.088*** 0.063***

(10.029) (8.894) (9.240)

Constant 13.013*** 43.269*** 35.264*** 24.291***

(11.962) (35.182) (29.724) (29.549)

Control variables Yes Yes Yes Yes

Observations 12,076 12,076 12,076 12,076

Adjusted R2 0.133 0.377 0.338 0.220

Note: all models include the year (FE) and industry (FE), with robust standard errors corrected. T-statistics are in parentheses. *** and **denote significance at 1% and 5%, respectively.
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in the BRI investment projects. Finally, the enterprises, especially non-
SOEs, should take advantage of the BRI which can help alleviate their
financial and human resource constraints through expanded market
access along the Belt and Road, and promote their innovation
momentum. This will also help firms transfer excess production
capacity facilitate, and hence enhance the efficiency of patent
conversion. Technological progress and improved efficiency of
innovation transformation through BRI participation will promote
eco-efficiency and further improve the TFP of firms.

This study has several limitations that suggest future research
opportunities. First, this study mainly focused on the impact of the
BRI on enterprises’ green innovation from the perspective of financial
constraints and patent transformation, but there is reason to think that
this is not the only way. For example, some external and macro-factors
such as institutional regulation and economic policy uncertainty (EPU)
may also affect the explanatory power of the research. Second, due to the
limitation of data availability, the research sample only covers Chinese
listed enterprises, excluding non-listed enterprises, especially those
small and medium-sized enterprises (SMEs) with strong innovative
vitality. These could be considered in the future research.
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