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Abstract
Outward foreign direct investment (OFDI) in an open economy has gradually become an important source of green innovation
(GI).With the rapid development of China’s OFDI, this research studies the impact of OFDI on the country’s GI, employing panel
data of 30 provinces from 2006 to 2017.We first use the Super-SBMmodel to measure GI performance and then test the impact of
OFDI on GI with the system GMMmodel. Evidence finds that the negative impact of OFDI on GI is not significant on the whole,
but the results of regional regression show that impact of OFDI on GI exhibits obvious regional differences. We then utilize the
dynamic threshold panel model to determine the non-linear relationship between OFDI and GI through the perspective of
environmental regulation in order to avoid the bias caused by ignoring the impact of institutional factors and time dynamic change.
After dividing environmental regulations into command control environmental regulation and market incentive environmental
regulation, the research results show that the double threshold effects of both environmental regulations are significant. Command
control environmental regulation does not play a role in promoting the effect of OFDI on GI. When the intensity of market
incentive environmental regulation is low, OFDI negatively affects GI. Moreover, only when the market incentive regulation
shows high intensity can OFDI significantly promote GI. With the continuous growth of China’s OFDI, it is therefore necessary to
determine the appropriate environmental regulation to improve the reverse spillover effect of OFDI enterprises on the country’s GI.
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Introduction

With the new round of scientific revolution and industrial
transformation, the pattern of international division of labor

is being reshaped. In order to adapt to changes in the economic
environment at home and abroad, China is speeding up the
transformation of its economic mode and promoting high-
quality economic development (Jiang et al. 2021; Wen et al.
2021). Therefore, in the face of the country’s tight resource
constraints and serious environmental pollution, green inno-
vation (GI), which emphasizes innovation driven, energy sav-
ings, and emission reduction, has attracted much attention. As
a combination of green development and innovation driven
development, the essence of GI is to reduce environmental
burdenwhile improving economic efficiency. Under the back-
ground of the obvious slowdown of the global economy and
the increasingly prominent resource and environmental prob-
lems, GI will play a more important role than ever before.
With the implementation of the “Going Out” strategy, “The
Belt and Road Initiative” and so on, China’s outward foreign
direct investment (OFDI) is in the stage of rapid development.
Can the rapid growth of OFDI promote China’s economy to
achieve GI through reverse spillover? Is this reverse spillover
effect influenced by other factors? Based on the perspective of
environmental regulation, this paper discusses the impact of
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OFDI on the home country’s GI, which has very important
research value. When discussing the relationship between
OFDI and GI, the existing literature often ignored the role of
institutional factors such as environmental regulation and the
possible nonlinear characteristics of the impact of OFDI on
GI, which may lead to biased conclusions. Therefore, taking
environmental regulation as the threshold variable, this paper
uses the dynamic threshold panel model to test the threshold
effect of OFDI on GI on the basis of a comprehensive analysis
of the theoretical mechanism, exploring the role of environ-
mental regulation in the impact of OFDI on GI.

Often referred to as “sustainable innovation,” “ecological
innovation,” or “environmental innovation,” GI is a broad
expression without any current unified concept among aca-
demic scholars. Generally, an innovation that has novelty,
value, and can achieve resource conservation or environmen-
tal improvement may be called GI (Li 2015). The main differ-
ence between GI and general innovation resides in “double
externalities”—that is, the R&D spillover effect and environ-
mental spillover effect. Like general innovation, GI also has
an R&D spillover effect. The positive knowledge spillover
effect from innovative enterprises benefits other enterprises,
while inhibiting the enthusiasm of innovative enterprises to
invest in R&D to some extent. However, unlike general inno-
vation, GI has a special environmental spillover effect. The
environmental benefits of GI arising from efficiency improve-
ment of resource utilization or consumption reduction of re-
sources are shared by society, which makes the enterprise
gains of innovative enterprises less than the social gains. If
the prices of green products are insufficient to cover the gap
between the enterprise gains and social gains, then the enter-
prise’s enthusiasm for GI may be greatly reduced. Therefore,
how to improve GI is an important issue in China.

In an open economy, apart from domestic independent
R&D, international technology spillover has gradually be-
come an important source of GI. Scholars have pointed out
that the main channels of international technology spillover
include international trade, FDI, and OFDI (Lichtenberg
1998; Chen and Lee 2020), among which OFDI is one of
the key channels. OFDI not only broadens the international
market, but also breaks the technical barriers of the host coun-
try to obtain technology spillovers, which have a further im-
pact on the home country’s GI. With the implementation of
Chinese enterprises’ “GoingOut” strategy, OFDI in China has
entered a stage of rapid development. According to the “2019
Statistical Bulletin of China’s Outward Foreign Direct
Investment” jointly issued by the Ministry of Commerce, the
National Bureau of Statistics, and the State Administration of
Foreign Exchange, China’s OFDI flow was US$136.91 bil-
lion in 2019, ranking second in the world. By the end of 2019,
27500 domestic investors in China had established overseas
enterprises for a total of 44000, which are distributed in 188
countries (regions) around the world. The OFDI stock has hit

US$2.2 trillion, ranking third in the world after the USA and
the Netherlands. According to the “World Investment Report
2020” published by UNCTAD, global OFDI flow was
US$1.31 trillion in 2019, and the year-end OFDI stock was
US$34.57 trillion. Based on this, China’s global share of
OFDI flow and stock were 10.4% and 6.4% in 2019, respec-
tively. The rapid development of OFDI has become an impor-
tant source to improve the level of GI in China. Therefore, it is
of great significance to study the impact of OFDI on China’s
GI.

Can OFDI conclusively promote GI? Obviously, the an-
swer is uncertain. Many studies have come to different con-
clusions about this (Zhang and Li 2020; Li et al. 2016a; Luo
and Liang 2017). The reason is that the reverse spillover effect
of OFDI on the home country’s GI may be restricted by many
factors. As an important policy means to restrict the pollution
behavior of enterprises, environmental regulation is one of the
important constraints. Ever since the “Directive on
Accelerating the Construction of Ecological Civilization re-
leased by the State Council” and the “Overall Plan for the
Reform of Ecological Civilization System” were put forward
in 2015, China has successively revised and issued some en-
vironmental regulations and policies such as the
“Environmental Protection Law” and “Environmental
Protection Tax Law”, further strengthening the environmental
governance responsibility of enterprises. In this way, can the
continuous improvement of environmental regulations further
promote the reverse spillover effect of OFDI on GI? The an-
swer to this question is very important for enhancing China’s
GI level. Therefore, it is necessary to examine the effect of
OFDI onGI from the perspective of environmental regulation.

The contributions of this paper are threefold. First, this
paper proposes an analysis mechanism among OFDI, GI,
and environmental regulation, which makes it clearer to un-
derstand how OFDI influences GI directly and indirectly, pro-
viding a rational basis for empirical analysis. Second, we uti-
lize the dynamic threshold panel model to determine the non-
linear relationship between OFDI and GI through the perspec-
tive of environmental regulation, which can avoid the bias
caused by ignoring the impact of institutional factors and time
dynamic change. Existing studies mostly use linear relation-
ships to judge the impact of OFDI on GI, while ignoring the
impact of environmental regulation. Third, this empirical
study divides environmental regulation into market incentive
environmental regulation and command control environmen-
tal regulation and compares the empirical results thoroughly to
explore how these two policies differ in the threshold effect,
making the conclusions more realistic.

To fulfill the research objectives, the rest of the paper runs
as follows. Section 2 reviews relevant studies at home and
abroad. Section 3 presents the analysis mechanism and pro-
poses the hypothesis, which analyzes the main channels of
OFDI influencing GI and the threshold role of environmental
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regulation and puts forward corresponding assumption.
Section 4 sets up the models, variable selection, and data
source. Section 5 includes the empirical test and result analy-
sis, including national and regional system generalized meth-
od of moments (GMM) and threshold estimation. Section 6
offers a conclusion and suggestions.

Literature review

OFDI is an important channel for enterprises to obtain external
R&D resources and has attracted the attention of academic
circles for many years. Kogut and Chang (1991) first con-
firmed the important assumption of OFDI’s technology spill-
over to the home country, finding that Japan’s OFDI in the
USA was mainly concentrated in R&D expenditure intensive
industries, with the purpose of absorbing advanced technolo-
gy from the USA. Based on the international R&D spillover
model established by Coe and Helpman (1995), the reverse
technology spillover effect of OFDI has been proved by many
scholars (Li et al. 2016b; Mao and Xu 2014; Liu and Liu
2017; Piperopoulos et al. 2017; Yuan et al. 2020). However,
there are scant researches studying the impact of OFDI on GI
of the home country.

Present research findings about the impacts of OFDI on GI
can be divided into three categories. First, some scholars be-
lieved that OFDI can significantly improve the level of GI in
home countries. Han and Wang (2016) used the dynamic
GMM model to investigate the relationship between OFDI
and energy efficiency in China. The results showed that
OFDI improves energy efficiency to a certain extent through
reverse technology spillover. Gong et al. (2017) measured the
efficiency of China’s industrial green innovation by using the
Super-SBM model and concluded that OFDI plays a
significant role in promoting the efficiency of industrial
green innovation through the structural optimization effect,
scale effect, and resource allocation effect. According to the
nature of host countries, Jia et al. (2017) divided OFDI into
two kinds: one is OFDI invested in developed countries, and
the other is OFDI invested in developing countries. They
found that these two kinds of OFDI could effectively promote
the GI level of home countries whether invested in developed
host countries or developing host countries. Using data of 11
provinces and cities in China’s Yangtze River Economic Belt,
Kong et al. (2019) investigated the impact of OFDI on region-
al green technology innovation, with the results showing that
the reverse technology spillover of OFDI by Chinese enter-
prises could significantly improve green technology innova-
tion, but market segmentation indirectly hinders the improve-
ment of green technology innovation level by distorting the
transaction cost of the local market. Zhu et al. (2019) believed
that OFDI not only could promote the growth of green total
factor productivity in a local area, but also can significantly

improve the green total factor productivity of neighboring
provinces through the spatial spillover mechanism. Using
the PVAR model, Yang and Wang (2019) also believed that
OFDI and GI have the function of mutual promotion.

Secondly, some other scholars noted that OFDI has no
significant impact on the promotion of the home country’s
GI level or even has a negative impact. Based on the measure-
ment of green technology innovation efficiency by the DEA
method, Luo and Liang (2017) constructed a spatial econo-
metric model using the non-linear CH pattern, indicating that
the R&D capital of OFDI has a crowding-out effect on do-
mestic investment, which impedes the upgrading of green
technology innovation efficiency. Zheng and Ran (2018) first
calculated the green total factor productivity and then found
that OFDI plays a “stumbling block” role in China’s green
innovation through the test of the dynamic panel model.

The third category supported the “uncertainty theory” and
held that OFDI has a non-linear effect on GI. Hu et al. (2016)
empirically investigated the long-term and short-term effects
of OFDI on green total factor productivity, with a result show-
ing that there is a certain heterogeneity in the long-term and
short-term effects. OFDI promotes the green total factor pro-
ductivity of most provinces, but also causes obvious negative
effects on some provinces. Based on China’s provincial-level
data, Yang et al. (2017) found that the impact of OFDI on
green total factor productivity presents nonlinearity, and also
exhibits significant regional differences.

The reverse spillover effect of OFDI on GI of the home
country is constrained by multiple factors, which not only
affect the size of the effect, but also may change its direction.
Many scholars have studied these factors from different angles
(Wang et al. 2017; Liu and Gong 2018), and some have tried
to analyze the interaction among OFDI, environmental
regulation, and GI. Li et al. (2016a) believed with the contin-
uous strengthening of environmental regulation that OFDI
significantly improves a home country’s GI, but this effect is
not obvious when environmental regulation is weak. The con-
clusion byWang et al. (2020) is similar, but they believed that
OFDI reduces China’s green economic efficiency when envi-
ronmental regulation intensity is low. Zhang and Li (2020)
used panel data to test whether there is a threshold effect of
environmental regulation in the impact of OFDI on green total
factor productivity. The results showed a significant single
threshold effect. Under the threshold condition of environ-
mental regulation, OFDI’s impact on green total factor pro-
ductivity presents nonlinearity. Nie and Wu (2020) also took
environmental regulation as a threshold variable to explore the
possible non-linear relationship between OFDI and regional
green technology innovation capability, finding a significant
single threshold effect.

The above literature has expounded upon the impact of
OFDI on GI from different perspectives, but research strand
on the impact of OFDI on GI is relatively small. Due to
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differences in research perspectives and research methods,
there is no consistent conclusion. Many studies failed to fully
consider the non-linear relationship between variables and
ignored the impact of institutional factors on the spillover
effect, and so the estimation results may be biased.
Additionally, the existing literature rarely discusses in-depth
the impact mechanism of OFDI on GI and the main channels
of enterprises’ GI through OFDI, which are the basis for a
more accurate analysis of the reverse spillover effect of
OFDI. Finally, few scholars have studied the impact of
OFDI onGI from the perspective of environmental regulation.
As an important institutional element referring to GI, environ-
mental regulation is likely to be one of the important reasons
for the different conclusions between OFDI and GI, which
makes it necessary to be further explored.

Mechanism analysis and hypothesis

Among the many driving factors of GI, OFDI is an important
one that cannot be ignored. With the continuous implementa-
tion of China’s “Going Out” strategy, more and more Chinese
enterprises are searching out opportunities for OFDI in foreign
countries. Only by clarifying the relationship between OFDI
and GI can we give full play to the reverse spillover effect of
OFDI in this new situation and offer a pathway for China’s
economy to achieve the goal of green development.

Main channels and effects of OFDI on GI

a. Learning effect. OFDI’s investment motives can generally
be divided into market seeking, technology seeking, nat-
ural resource seeking, and strategic resource seeking
(Dunning and Lundan 2008). OFDI’s investment motives
have decisive impacts on the promotion of a home
country’s GI. Previous studies have shown that over
20% of an OFDI’s motives in China are technology seek-
ing (Li and Su 2014). The “Learning—Imitation—
Innovation” mode has always been an important mode
of innovation for Chinese enterprises. Therefore, technol-
ogy seeking enterprises generally choose developed coun-
tries as their host country, which have advanced technol-
ogies, talents, information, scientific research, and so on.
Through learning from enterprises of developed countries
in all these aspects, Chinese enterprises can obtain ad-
vanced technology and management experience from
the host countries, produce a knowledge spillover effect,
improve the GI level of themselves, and thus promote the
GI level of parent companies and home country.

b. Competition effect. OFDI enterprises and local enter-
prises in host countries are essentially competitive. On
the one hand, OFDI enterprises entering the foreign mar-
ket face the fierce competition from local enterprises. In

order to gain market share, OFDI enterprises are obliged
to reduce costs and improve product quality, accelerating
their GI ability. On the other hand, OFDI enterprises do
not exist independently and often have upstream and
downstream relationships with their parent companies. If
OFDI firms are in the downstream, then in order to beat
the competition in the host market, the parent companies,
which are in the upstream, have to upgrade their R&D,
improve the quality of raw materials and intermediate
products, and eventually enhance the level of GI. If the
OFDI firms are in the upstream, then the intermediate
products they provide are certainly of high quality under
the fierce competition in host countries, which can also
promote the efficiency of home countries’ GI.

c. Industrial structure effect. The industrial selection of
OFDI is the key to the influence of OFDI on the industrial
structure of the home country. Natural resource seeking
OFDI and strategic resource seeking OFDI usually enter
the foreign market to solve the problems of increasing
costs and scarce resources in the domestic market. Many
labor-intensive industries and pollution industries have
gradually transferred to overseas, because of the ever-
rising costs of labor and other factors in China, along with
its continuously increasing requirements for green devel-
opment. The transfer of backward industries and produc-
tion capacity to foreign countries is beneficial to the opti-
mization of the country’s industrial structure and helps
improve the overall GI efficiency of domestic industries.
However, if OFDI’s investment selection is towards the
high-tech industries or service industries, then it will cer-
tainly not have a positive impact on the industrial structure
of the home country, and the overall GI efficiency of
industries at home may decline.

d. Resource allocation effect. The resources of a firm are
limited, including human capital, financial resources,
management resources, information resources, and so on
(Lee and Wang 2021). When a firm chooses to execute
OFDI, its resource allocation may change greatly. If the
firm moves the low-end production links overseas, then
more domestic resources of the firm can be allocated into
the R&D link, improving the GI efficiency of both the
parent company and home country. However, if the firm
shifts its core production links overseas, then OFDI may
“crowd out” domestic investment and other resources to a
large extent, which will largely reduce the domestic input
in research funding, human capital, and other resources,
thus hindering domestic GI.

The influences of environmental regulation

The extent to which OFDI can affect the home country’s GI is
affected by multiple factors, such as domestic institutional
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environment, current technology conditions, and enterprises’
absorptive capacity. Environmental regulation, an important
institutional element, represents the extent to which a country
encourages green development domestically. Different inten-
sities of environmental regulation will bring about different
conclusions on how OFDI affects GI.

From the perspectives of environmental regulation in the
home country, relatively low intensity indicates that the envi-
ronmental supervision of the host country is relatively strict.
In this case, it is difficult for the pollution industries and en-
ergy consumption industries in the home country to transfer to
the host country, and so the main investment direction of
OFDI will be environment-friendly industries. In order to sur-
vive within international market competition, OFDI enter-
prises will leave production links with high pollution emis-
sions at home and only set up R&D institutions or sales de-
partments abroad. Owing to the cluster of pollution-intensive
industries, the industrial structure of the home country deteri-
orates, which will bring a negative impact of OFDI on its GI.
For China as a home country, due to fiscal decentralization,
the idea of “growth only” of provincial governments may
further reduce environmental regulation intensity and then
may even expand the negative impact of OFDI on GI.

When the intensity of environmental regulation in the
home country is relatively high, it means the environmental
supervision in the host country is relatively loose for OFDI
enterprises. Loose environmental regulation provides a favor-
able opportunity for OFDI enterprises to reduce production
costs. Many pollution-intensive and resource-consuming in-
dustries choose to seek “pollution heaven” overseas due to
their inability to meet the increasingly stringent environmental
standards of their home countries, leaving high-tech industries
and light industries in their home countries (Walter and
Ugelow 1979). The home country will form a cluster of
high-tech, slightly polluting industries that is advantageous
to the upgrading of its domestic industrial structure, thus en-
hancing the level of its GI.

Based on the above analysis, OFDI promotes GI of the
home country through learning effect and competition effect,
and promotes or inhibits GI of the home country through
industrial structure effect and resource allocation effect. The
impact of OFDI on GI is affected by the heterogeneity of
environmental regulation intensity. The hypothesis is pro-
posed as follows:

Hypothesis: The impact of OFDI on GI is non-linear, and
there is a threshold effect of environmental regulation.

As shown in Fig. 1, the aggregate influence of OFDI
on GI is ambiguous, which may be caused by the het-
erogeneity of environmental regulation intensity. The
system GMM model is used to test the linear impact
of OFDI on GI, and the threshold model is used to
examine the non-linear relationship and the influence
of environmental regulation.

Methodology

Model

In this paper, we first use the systemGMMmodel constructed
by Blundell and Bond (1998) to explore the impact of OFDI
on GI of the home country. The advantage of the system
GMM model is that the estimation efficiency is improved
(Lee et al. 2020), and even if there are endogenous variables
in the explanatory variables, the use of instrumental variables
will make the estimation of coefficients more consistent.
Considering the time lag and continuity of innovation, this
paper uses a dynamic panel model as follows:

GIit ¼ β0 þ β1GIi;t−1 þ β2OFDIit þ λX
0
it þ μi þ εit ð1Þ

where i and t denote province and year,GIit is green innovation
in province i and year t,GIi, t − 1 is the 1-year lag value of green
innovation (that is, green innovation in province i and year t −
1),OFDIit is outward foreign direct investment, X

0
it denotes the

control variables, including R&D, human capital, urbanization
level, financial support, opening-up level, and degree of mar-
ketization, μi is the individual difference of each province that
does not change with time, and εit is the error term.

As mentioned in Section 3, under different environmental
regulation intensities, the impact of OFDI on GI is non-linear.
To test this, we use the threshold effect model constructed by
Seo and Shin (2016) to explore the role of environmental
regulation in the impact of OFDI on a home country’s GI.
According to the mechanism analysis in Section 3.2, as an
important institutional factor, environmental regulation will
affect the reverse spillover effect of OFDI on GI. When the
intensity of environmental regulation is different, the impact
of OFDI on GI will also have significant differences. The
essence of threshold model is to divide the sample into several
groups by the threshold value of environmental regulation,
and test the differences of estimated parameters of different
groups. The threshold number and threshold value are deter-
mined endogenously by the sample data, which avoids the
disadvantage of manual grouping in traditional analysis
(Chiu and Lee 2020). The manual grouping method may have
some subjectivity in the grouping standard, and cannot esti-
mate the threshold value specifically and conduct the signifi-
cance test for differences of different groups’ estimates. The
threshold model can endogenously divide the environmental
regulation intensity’s range through repeated bootstrapping,
which makes the research results more reliable. Hansen’s
(1999) panel threshold model has been widely used in empir-
ical research, but themodel is static and requires the covariates
to be strong exogenous variables. However, in regression, the
strong exogeneity is limited, and the explanatory variables of
the model may contain the lag term of the dependent variable.
Innovation is a gradual process. Therefore, we apply the

34872 Environ Sci Pollut Res  (2021) 28:34868–34884



model of Seo and Shin (2016) to introduce the dynamic
threshold panel model. The biggest feature of this model is
that it includes the lag term of dependent variable in explana-
tory variables, which can fully consider the continuity of GI.
The equation goes as follows:

GIit ¼ β0 þ β1GIi;t−1 þ β2OFDIit � I ERit ≤γð Þ
þ β3OFDIit � I ERit > γð Þ þ θ1R&Dit

þ θ2HUMit þ θ3FINit þ θ4OPENit þ θ5URBit

þ θ6MARit þ μi þ εit ð2Þ

Equation (2) represents the single panel threshold model; i
and t denote indices of the individual (province) and time
(year) respectively; ER is the environmental regulation, the
threshold variable; I(·) is the indicator function, with a value
of 1 when the condition in brackets is true and 0 otherwise; γ
is the threshold value to be estimated; and other variables are
the same as in Eq. (1). The data are separated into two re-
gimes, whereby the threshold variable, ER, is less than or
greater than the threshold value γ.

GIit ¼ β0 þ β1GIi;t−1 þ β2OFDIit � I ERit ≤γ1ð Þ
þ β3OFDIit � I γ1 < ERit ≤γ2ð Þ þ β4OFDIit

� I ERit > γ2ð Þ þ θ1R&Dit þ θ2HUMit þ θ3FINit

þ θ4OPENit þ θ5URBit þ θ6MARit þ μi þ εit ð3Þ

The threshold model has been extended to be more than
one threshold, because in some applications, there may be
multiple thresholds. Equation (3) is the double-thresholdmod-
el. The data are separated into three regimes, where γ1 < γ2.
Higher-order threshold models are not discussed here due to
space limitation.

Dependent variable

GI is the dependent variable, which is commonly mea-
sured with the input-output method. Compared with gen-
eral innovation, GI needs to consider the resource input
and undesirable environmental pollution output. This pa-
per uses the Super-SBM model to measure GI, which is
an extension of the data envelopment analysis (DEA)
model. The traditional DEA model is mainly based on
the perspective of a desirable output, neglecting the input
or output slack, resulting in a better conclusion, but an
error in the evaluation of the performance of decision-
making units may occur. The Super-SBM model proposed
by Tone (2001) adds the indices of undesirable output and
also uses non-radial and non-angular functions to avoid
the deviation caused by radial and angular functions and
puts the slack variable directly into the objective function
to solve the problem of input-output slackness, which is
more conducive to measurement and result analysis.
Based on the Super-SBM model, the measurement of GI
is set as Eq. (4).

Positive 

effect

Learning effect

Competition effect

Industrial structure 

effect

Resource allocation 

effect

Positive/

negative 

effect

System 

GMM

Dynamic 

threshold 

regression

Threshold 

test and 

estimates

Influence factor

Low-intensity environmental 

regulation

High-intensity environmental 

regulation

Fig. 1 Diagram of the mechanism’s function
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In the above formula, ρ in the objective function is the
efficiency of GI of each decision-making unit (DMU), which
is treated as a surrogate variable for GI performance; xij is the
ith input in the jth decision-making unit; yrj is the r

th output in
the jth decision-making unit; there are a total ofm inputs and q
outputs; λ is the weight vector; and s is the slack variable.
When ρ < 1, the DMU is relatively ineffective—that is, there
is factor redundancy in DMU, and the efficiency can be im-
proved by optimizing the allocation of input, desirable output,
or undesirable output. When ρ ≥ 1, the DMU is relatively ef-
fective and located on the optimal production frontier. The
greater the value of ρ is, the better is GI performance.

According to the nature of GI, we include capital invest-
ment, personnel investment, and energy input in the input
indicators. We then divide the output indices into desirable
and undesirable outputs. The details can be seen in Table 1.

Figure 2 is the kernel density distribution curve, from
which we can see the dynamic evolution effect of GI. The
curves are all characterized by double peaks and right long-
tailed in 2006, 2010, and 2016. The right peak values in 2010
and 2016 are significantly higher than that in 2006, indicating
that China’s overall GI efficiency is on an upward trend.

Independent variable

The independent variable is OFDI, expressed by the ratio of
OFDI stock data to the real GDP of each province. The
“Statistical Bulletin of China’s Outward Foreign Direct

Investment” releases both the flow and stock data of OFDI.
Compared with the flow data that fluctuate greatly, OFDI
stock data are much more stable and can better reflect the
long-term trend of OFDI. Therefore, this paper uses the stock
data. Since the OFDI stock data in the Statistical Bulletin are
in US dollars, we use the RMB exchange rate of the corre-
sponding year published by the National Bureau of Statistics
to convert the US dollars into RMB.

Threshold variable

Drawing on the research of Xie et al. (2017), we divide envi-
ronmental regulation into market incentive policy and com-
mand control policy. The market incentive policy mainly in-
cludes emission trading system, pollution discharge levy sys-
tem, and voluntary pollution control investment. The com-
mand control policy mainly refers to environmental standards,
including emission standards, technical standards, and so on.
According to their characteristics, different indicators are set
up to measure the intensities of these two environmental reg-
ulations respectively.

(1) Market incentive environmental regulation (ER1):
expressed by the proportion of environmental gover-
nance investment in GDP. The greater the proportion
is, the greater is the intensity of environmental regula-
tion. When enterprises are faced with stricter environ-
mental regulations, the polluters, which need to find
technologies and methods to reduce pollution emissions
in order to meet the stringent requirements, will spend
more expenses on pollution control. Therefore, environ-
mental governance investment will be larger than before.

(2) Command control environmental regulation (ER2):
expressed by the comprehensive index system consisting
of a variety of pollutants such as wastewater and sulfur
dioxide to present the policy effects. The larger the
comprehensive index is, the greater are the emissions
of each pollutant, and then the weaker is the intensity
of environmental regulation. Based on the severity of
various pollutant emissions and data availability in

Table 1 Input and output
indicators Variable Indicator

Input Capital investment (R&D capital stock measured by perpetual inventory method)

Personnel investment (full-time equivalent of R&D personnel)

Energy input (total energy consumption)

Desirable output Sales revenue of new products

Number of invention patent applications

Undesirable output Industrial wastewater emissions

Industrial waste gas emissions

Industrial solid waste emissions
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China, this paper selects wastewater, sulfur dioxide, and
solid waste as the pollutants and borrows the method
from Fu and Li (2010) to measure the comprehensive
index.

Each index is first standardized through mathematical
transformation (Eq. (5)), namely non-dimension treatment,
in order to eliminate the non-commensurability and contradic-
tion between indicators.

UEs
ij ¼

UEij−min UEj
� �

max UEj
� �

−min UEj
� � ; ð5Þ

where UEij is the original value of province i and pollutant j;
max(UEj) and min(UEj) are the maximum and minimum
values of pollutant j in all regions, respectively; and UEs

ij is

the standardized value.
The adjustment coefficient of each index (namely, the

weight of each index) is calculated according to:

W j ¼ Eij=∑E j

Qij=∑Qj
; ð6Þ

whereWj is the ratio of the proportion of regional emissions to
total emissions and the proportion of regional output value to
total output value. Finally, using the standardized value and
weight of each index, the comprehensive index of environ-
mental regulation in each province is measured according to:

Si ¼ ∑
3

j¼1
W j � UEs

ij; ð7Þ

where Si is the comprehensive index of environmental regu-
lation in province i.

Control variables

R&D investment and R&D personnel are the foundation of
GI, so R&D and human capital are included in the control

variables of the model. To reduce the impact of other factors
on GI and combined with previous research on GI perfor-
mance, this paper takes some other control variables.
Borrowing from Gong et al. (2017), financial support and
opening-up level are also added into the model. The use of
urbanization level and degree of marketization is drawn on the
research of Zhang and Li (2020). The details are as follows.

(1) Research and development (R&D): the proportion of
R&D expenditure in local GDP.

(2) Human capital (HUM): refers to the common practice of
existing literature (Zhang and Li 2020), where the aver-
age length of schooling is used to describe the level of
regional human capital:

HUMit ¼ 6primit þ 9midit þ 12highit þ 16uniit ð8Þ

Among them, primit, midit, highit, and uniit represent the
proportion of the educated population with primary school,
middle school, high school, and university or higher degree
in the population over 6 years old, respectively.

(3) Urbanization level (URB): the proportion of urban pop-
ulation in the total population. Areas with a higher level
of urbanization have a strong agglomeration effect on
high-quality production resources and human capital,
which is conducive to the allocation of innovation re-
sources, and thus the improvement of GI level.

(4) Financial support (FIN): the proportion of financial insti-
tutions’ loan balances in GDP. The agglomeration of
existing innovation resources is inseparable from the
flow of financial capital, and the high-level financial
support can provide necessary financial capital for the
improvement of GI efficiency.

(5) Opening-up level (OPEN): the proportion of total im-
ports and exports in GDP. Economic openness means
increased opportunities for the exchange of talents,

Fig. 2 Kernel density distribution
curve of GI
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technologies, ideas and so on, which could be the driving
factors of GI.

(6) Degree of marketization (MAR): the proportion of fixed
asset investment of the non-state-owned economy in the
fixed asset investment of the whole society. High degree
of marketization is conducive to reducing the govern-
ment intervention in the market and stimulating the mar-
ket vitality of market entities. In addition, it will reduce
the investment uncertainty risks and transaction costs,
encouraging more enterprises to carry out GI actively.

Data source

This paper uses balanced panel data from 30 provinces in
China from 2006 to 2017 as samples. Tibet is deleted, because
it has a lot of missing data. The original data come from the
China Statistical Yearbook, the China Environmental
Statistical Yearbook, the China Energy Statistical Yearbook,
and the China Statistical Yearbook of Science and
Technology. Table 2 gives descriptive statistics of the main
variables.

Empirical test and result analysis

Estimating the GI impacts of OFDI

Regression on national level

Before any regression, the main variables in the model are
tested by multiple collinearity, and we find that the variance
expansion factor value is much less than 10, indicating that the
problem of multiple collinearity among variables is within the
controllable range. We use the GMM method to estimate the
dynamic panel model. The Sargan test results of one-step sys-
tem GMM (Model 3) and two-step system GMM (Model 4)

show no over-identification in themodel, making IV effective.
There is also no autocorrelation problem according to the AR
(2) test result, solving the endogeneity problem of the model.
As shown in Table 3, the coefficients of the GI-lag are signif-
icantly positive, meaning GI has the characteristics of accu-
mulation and sustainability and further explains that it is nec-
essary to build a dynamic panel model for analysis. We add
other control variables in Model 5 and Model 6, and control
time fixed effect and individual fixed effect respectively. OLS
regression (Model 1) and fixed effect regression (Model 2)
estimates are also listed in Table 3.

As for the core explanatory variables, the results in the table
show that the coefficients of OFDI are negative, but not sig-
nificant, ranging from − 0.474 to − 0.017, indicating that
China’s OFDI does not exhibit a reverse spillover effect and
may hinder GI improvement in China instead. The possible
reasons for this can be many, including different OFDI desti-
nation countries, various investment industries, or other fac-
tors that may constrain the reverse spillover effect of OFDI on
GI of the home country. As mentioned in Section 3.1, OFDI
can affect GI through different channels. Some of the effects
are positive (Gong et al. 2017; Zhu et al. 2019), such as learn-
ing effect and competition effect, while others may produce
negative effects (Luo and Liang 2017; Zheng and Ran 2018),
such as industrial structure effect and resource allocation ef-
fect. Therefore, the total impact may not be significant. The
estimated coefficient of R&D is 5.981, indicating that the
increase of R&D expenditure significantly promotes GI per-
formance. Similar results are also shown for human capital,
opening-up level, urbanization level, and degree of marketi-
zation, but with smaller estimated coefficients. However, the
estimated coefficient of financial support is significantly neg-
ative, which is not in line with expectations. The possible
reason maybe that more loans that an enterprise receives indi-
cate a serious shortage of funds, and so the funds that can be
used for GI are very limited.

Regional sample regression

The overall effect of OFDI on GI is not obvious, which may
be caused by regional differences, and so, we explore the
effect of OFDI on GI using regional samples. According to
the geographical location of each province, the whole sample
is divided into three regions: East, Central, and West. The
eastern region includes Beijing, Hebei, Tianjin, Liaoning,
Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong,
and Hainan. The central region includes Shanxi, Jilin,
Heilongjiang, Anhui, Jiangxi, Henan, Hubei, and Hunan.
The western region includes Inner Mongolia, Chongqing,
Guizhou, Sichuan, Yunnan, Shaanxi, Gansu, Ningxia,
Qinghai, Guangxi, and Xinjiang. The system GMM estima-
tion results are in Table 4.

Table 2 Descriptive statistics of variables

Variable Mean Deviation Max Min

GI 0.712 0.373 2.225 0.081

OFDI 0.024 0.042 0.327 0.001

ER1 1.372 0.688 4.24 0.3

ER2 0.393 0.308 1.618 0

R&D 0.014 0.011 0.060 0.002

HUM 8.800 0.979 12.502 6.593

FIN 1.188 0.418 2.584 0.545

OPEN 0.314 0.385 1.890 0.016

URB 0.534 0.137 0.896 0.274

MAR 0.308 0.106 0.563 0.107
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We see from Table 4 that there are obvious regional differ-
ences in the impact of OFDI on GI. OFDI significantly pro-
motes GI in the eastern region, while it has no significant
impact in the central region, and in the western region,
OFDI actually significantly hinders GI. Due to the great dif-
ferences in the level of economic development, technology,
and resource endowment among regions in China, the chan-
nels through which OFDI affect GI can be very distinct. The
eastern region is endowed with higher levels of economic
development, technology, institutional quality, and large-
scale powerful companies, which are helpful at producing
learning and competitive effects. With the transfer of some
domestic industries to the central and western regions, the
infrastructure conditions and institutional quality have been
improved, but there is still a gap in the quantity and quality

of OFDI compared with the eastern region, which makes the
reverse spillover effect of OFDI not obvious or even negative.

The effect of OFDI on GI is more likely closely related to
the intensity of regional environmental regulation. There are
great spatial differences in environmental regulation in China.
Different regions have different levels of economic develop-
ment, and so, there are great differences in the emphasis and
investment in environmental protection. Generally, economi-
cally developed regions have higher requirements for environ-
mental quality. In addition, the difference in the industrial
structure of each province is also one of the reasons for the
different intensity of environmental regulation. Therefore, it is
necessary to further test the impact of OFDI on GI when
environmental regulation is in a different range of intensity.

Robustness test

In order to test the robustness of the estimation results in
Tables 3 and 4, we use the quantile regression model.
Traditional regression methods mainly focus on the influence
of explanatory variables on the conditional expectation of the
explained variables and cannot fully describe the influence of
explanatory variables on the whole conditional distribution of
the explained variables. We conclude that the effect of OFDI
on GI is different through theoretical analysis and empirical
regression. In order to test this effect more comprehensively,

Table 3 Panel regression
estimation results for the impact
of OFDI on GI

Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

GI-lag 0.762***

(22.46)

0.336***

(6.69)

0.601***

(6.92)

0.587***

(20.41)

0.577***

(3.41)

0.583***

(26.29)

OFDI − 0.017

(− 0.06)

− 0.474

(− 1.26)

− 0.045

(− 0.11)

− 0.022

(− 0.51)

− 0.142

(− 0.01)

− 0.142

(− 0.90)

R&D 5.161***

(2.80)

1.705

(0.768)

2.972*

(1.83)

5.981***

(2.58)

HUM 0.086***

(3.30)

0.053

(1.22)

0.074**

(2.26)

0.060***

(3.70)

FIN 0.007

(0.19)

− 0.131**

(− 2.04)

− 0.174***

(4.23)

− 0.128***

(− 3.34)

OPEN 0.053

(1.12)

− 0.030

(− 0.27)

0.707**

(2.06)

0.124*

(1.95)

URB 0.002

(1.12)

0.013***

(2.75)

0.040***

(3.53)

0.013***

(4.86)

MAR 0.278**

(2.19)

0.181

(0.85)

0.267***

(2.87)

0.207***

(3.62)

Sargan (p-value) 0.204 0.312 0.518 0.515

AR(2) 1.268 (0.20) 1.206(0.21) 1.187 (0.23)

IV numbers 22 22 38 28

N 330 330 330 330 330 330

*, **, and *** respectively denote significance at the 10%, 5%, and 1% levels. Values of Z statistics are in
parentheses

Table 4 Regional sample regression estimation results for the impact of
OFDI on GI

Variable Eastern region Central region Western region

GI-lag 0.496***(5.19) 0.503***(5.22) 0.557***(6.98)

OFDI 0.955***(4.24) − 2.214(− 0.86) − 3.753***(− 3.45)

AR(2) 2.17(0.21) 1.37(0.17) − 1.49(0.13)

*, **, and *** respectively denote significance at 10%, 5%, and 1%
levels. Values of Z statistics are in parentheses
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we use the generalized quantile regression and select four
representative quantiles (0.25, 0.50, 0.75, and 0.90) to explore
the conditional distribution characteristics of OFDI on GI.

As apparent from Table 5, there are significant differences
in the estimation coefficients of OFDI under different
quantiles, indicating that the estimation results of Table 3
and Table 4 are robust. It can be seen from the regression
results that the estimated coefficient is significantly negative
at the 25% and 50% quantiles, not significant at the 75%
quantile, and significantly positive at the 90% quantile.
When the level of regional GI is low, OFDI has a negative
impact on GI; when the regional GI level is high, OFDI pro-
motes the improvement of GI, mainly because the enterprises’
learning effect through OFDI depends on their own learning
ability. The enterprises located in provinces with a higher GI
level have stronger learning, imitation, and innovation abili-
ties, which make it easy for them to realize the reverse spill-
over of OFDI, thus greatly improving the level of GI in the
home country. However, in provinces with a low level of GI,
the competitive effect and learning effect through OFDI need
to be improved, and the industrial structure effect may be
negative, because of the cluster of pollution intensive indus-
tries. Hence, OFDI will have a negative impact on the GI of
the home country.

In order to compare the results of regional differences more
clearly, the average GI levels of different regions are listed in
Table 6. It can be seen that the average GI levels in the eastern,
central, and western regions are 0.962, 0.733, and 0.666 re-
spectively, with the eastern region getting the highest GI level.
According to the quantile regression results, when the regional
GI level is high, OFDI promotes GI significantly. Therefore,
OFDI can promote the GI of the eastern region, which is
consistent with the regional regression results (Table 4), indi-
cating that the regression results are robust.

Threshold effect test

In the previous part, we analyze the overall impact and region-
al differences of OFDI on GI from a linear perspective. The
impact of OFDI on GI is affected by multiple factors and may
have non-linear characteristics. The Hypothesis in Section 3

supposes that the impact of OFDI on GI is non-linear, and
there is a threshold effect of environmental regulation.
Therefore, we take environmental regulation as the threshold
variable to further analyze the non-linear impact of OFDI on
GI.

Test for threshold effect

Before estimating the threshold effect, it is necessary to deter-
mine the threshold type of environmental regulation in the
impact of OFDI onGI—namely, the test under the assumption
of a single threshold, double threshold, and triple threshold.
We complete the test by Stata 16.0 on balanced panel data of
N = 330, T = 12. Due to the different roles of market incentive
environmental regulation and command control environmen-
tal regulation, we investigate their threshold effect respective-
ly. The results show that the threshold effects of both environ-
mental regulations are significant, corroborating the
Hypothesis. We see from Table 7 for market incentive envi-
ronmental regulation that the single threshold hypothesis
passes the test at a 10% significance, the double threshold
hypothesis passes the test at a 5% significance, but the triple
threshold hypothesis fails. As for the command control envi-
ronmental regulation, the single threshold hypothesis passes
the test at a 5% significance, the double threshold hypothesis
passes the test at a 1% significance, while the triple threshold
hypothesis also fails to pass the test at a 10% significance
level. Therefore, for both environmental regulations, the dou-
ble threshold model should be used for estimation.

After determining the threshold type, we then estimate the
threshold value of each environmental regulation. Table 8 re-
ports the threshold values and 95% confidence intervals for
both environmental regulations.

Table 5 Quantile regression results

Variable Q = 0.25 Q = 0.50 Q = 0.75 Q = 0.9

GI-lag 0.323
(1.42)

0.353**
(2.42)

0.380**
(2.06)

0.436
(1.03)

OFDI − 1.566*
(− 1.91)

− 1.075**
(− 2.04)

− 0.624
(− 0.94)

0.295**
(1.99)

N 360 360 360 360

*, **, and *** respectively denote significance at the 10%, 5%, and 1%
levels. Values of Z statistics are in parentheses

Table 6 GI levels in the eastern, central, and western regions (2006–
2017)

Eastern region Central region Western region

Beijing 1.347 Shanxi 0.453 Inner Mongolia 0.472

Hebei 0.980 Jilin 1.036 Chongqing 0.918

Tianjin 0.390 Heilongjiang 0.731 Guizhou 0.704

Liaoning 0.447 Anhui 0.966 Sichuan 0.434

Shanghai 1.213 Jiangxi 0.625 Yunnan 0.541

Jiangsu 1.032 Henan 0.499 Shaanxi 0.511

Zhejiang 1.064 Hubei 0.588 Gansu 0.575

Fujian 0.805 Hunan 0.963 Ningxia 0.627

Shandong 1.052 Qinghai 1.083

Guangdong 1.162 Guangxi 1.039

Hainan 1.093 Xinjiang 0.425

Average 0.962 Average 0.733 Average 0.666
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Analysis of the threshold model regression

According to the threshold effect test, both the market incen-
tive environmental regulation and the command control envi-
ronmental regulation pass the double threshold test. Table 9
and Table 10 show the results of the threshold regressions
based on the double threshold. The OFDI-1, OFDI-2, and
OFDI-3 in the following tables (including Tables 9, 10, 12,
and 13) denote OFDI · I(ER ≤ γ1), OFDI · I(γ1 < ER ≤ γ2) and
OFDI · I(ER > γ2) respectively.

The larger the index value ofmarket incentive environmen-
tal regulation is, the stronger is the environmental regulation.
The regression result of Table 9 shows that when environmen-
tal regulation is weak, the coefficient of OFDI is − 0.519 and
passes the test at the 10% significance level. With the im-
provement of environmental regulation intensity, the estimat-
ed coefficient becomes positive, but not significant. When the
value of market incentive environmental regulation is higher
than 1.75, the estimated coefficient of OFDI is significantly
positive, with quite a large coefficient (15.570), which indi-
cates that high-intensity market incentive environmental reg-
ulation can greatly promote the reverse spillover effect of
OFDI.

Unlike the market incentive environmental regulation, the
relationship between the index value and intensity of com-
mand control environmental regulation is negatively related.
Therefore, the three coefficients of OFDI from up to down in
Table 10 show the change of OFDI’s effect when the

command control environmental regulation changes from
strong to weak. It can be found that when the command con-
trol environmental regulation is lower than 0.013, the estimat-
ed coefficient of OFDI is − 1.765 and passes the significance
test at the 10% level, indicating that when the intensity of
command control environmental regulation is very high,
OFDI significantly hinders GI. When the command control
environmental regulation is in the middle, the OFDI’s coeffi-
cient changes from negative to positive, but is not significant.
When the command control environmental regulation is
higher than 0.436 (namely, low level intensity), the impact
of OFDI on GI is still negative at the 10% significance level.
Therefore, command control environmental regulation does
not play a role in promoting the effect of OFDI on GI, but
instead hinders the effect.

Only high-intensity market incentive environmental regu-
lation can promote the effect of OFDI on GI, while none of the
other types of environmental regulations work, or they affect
in the opposite way. The different influences of command
control environmental regulation and market incentive envi-
ronmental regulation, to a certain extent, explain why OFDI in
China has no significant effect on GI. Command control en-
vironmental regulation, which is mainly issued by govern-
ment departments, is a mandatory act or directive, putting
enterprises in a passive position. The market incentive envi-
ronmental regulation mainly relies on environmental econom-
ic means, through the effective allocation of pollution emis-
sions among polluters, in order to achieve the purpose of

Table 7 Threshold effect type
test Threshold variable Threshold

type
F-value p-value Critical values

1% 5% 10%

Market Incentive Environmental
Regulation

Single 2.808* 0.063 6.28 3.33 2.04

Double 17.742** 0.017 22.41 6.45 3.36

Triple 1.57 0.187 7.25 3.73 2.91

Command Control Environmental
Regulation

Single 4.457** 0.030 6.68 3.86 2.76

Double 13.929*** 0.000 7.83 3.71 2.58

Triple 2.72 0.133 12.43 6.82 3.59

The probability, the corresponding critical values, and the F-values are obtained after free sampling (bootstrap
300) simulations. *, **, and *** respectively denote significance at the 10%, 5%, and 1% levels

Table 8 Estimates for the values
of the threshold and confidence
intervals

Threshold
type

Market Incentive Environmental Regulation Command Control Environmental Regulation

Estimate value of the
threshold

Confidence
intervals at 95%

Estimate value of the
threshold

Confidence
intervals at 95%

Single 2.955 [0.520, 3.100] 0.369 [0.007, 1.093]

Double 1.685 [0.530, 2.680] 0.013 [0.007, 1.093]

1.750 [1.750, 1.750] 0.436 [0.029, 1.093]
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reducing pollution, which will more likely produce sustained
effects among enterprises. In China, command control envi-
ronmental regulation is widely used by local governments,
because administrative control can achieve quick results and
easy operations, but it lacks the effect at stimulating OFDI’s
spillover.

Regional distribution analysis

According to the regression results of the threshold effect, the
market incentive environmental regulation is divided into
three intervals: low environmental regulation interval
(ER1≤1.685), medium environmental regulation interval
(1.685 <ER1 ≤ 1.750), and high environmental regulation
interval (ER1>1.750). The changes in the number of prov-
inces in the three intervals are as follows.

From Fig. 3, we see that the number of provinces with the
low market incentive environmental regulation is the largest,

the number of high environmental regulation provinces
ranks second, and only very few provinces have the
middle-intensity market incentive environmental regula-
tion. It means that the intensity of market incentive en-
vironmental regulation in most provinces is relatively
low, which fails to promote the impact of OFDI on GI
at the national level. From Table 11, we can see the
specific provinces located in different intervals. In
2017, only 6 provinces (20% of sample size) were
endowed with high intensity of market incentive envi-
ronmental regulation, including Beijing, Hebei, Inner
Mongolia, Shanxi, Shanghai, and Guangdong, which
means the market incentive environmental regulation in-
tensity in most provinces of China is in the range of too
low or in the middle, making it hard to play the benefi-
cial role in promoting the GI effect of OFDI.

We map the annual market incentive environmental
regulation data to provide a visualization of the time
and spatial distribution trends of provinces in China. In
Fig. 4, we observe the specific provinces with different
intensities of market incentive environmental regulation
through the color map. Despite the change over time,
most provinces have low intensity of market incentive
environmental regulation. The regulation gap between
the eastern, central, and western regions is also distinct,
which might be the main reason for the difference in the
effect of OFDI on GI, further verifying the rationality of
our regression results.

Robustness test

a. Re-measure GI performance. The previous section uses
the Super-SBM model to measure the GI performance.
We employ industrial wastewater emissions, industrial
waste gas emissions, and industrial solid waste emissions
as undesirable outputs. Since the reuse rate of solid waste
is very high, and the industrial solid waste emissions in
most provinces are much lower than that of wastewater

Table 9 Threshold regression result of market incentive environmental
regulation

GI Coef. Std. Err. t P>|t| 95% Conf. interval

GI-lag 0341 0.049 6.95 0.000 0.244 0.437

OFDI-1 − 0.519 0.413 − 1.68 0.094 − 1.506 0.119

OFDI-2 0.215 0.552 0.39 0.697 − 0.873 1.303

OFDI-3 15.570 3.817 4.08 0.000 8.056 23.083

R&D 0.334 0.050 6.65 0.000 0.235 0.433

HUM − 0.049 0.042 − 1.15 0.253 − 0.134 0.035

FIN − 0.129 0.062 − 2.07 0.039 − 0.253 − 0.006

OPEN 0.078 0.120 0.65 0.516 − 0.158 0.314

URB 0.011 0.004 2.40 0.017 0.002 0.021

MAR 0.014 0.005 2.86 0.004 0.004 0.024

Table 10 Threshold regression result of command control
environmental regulation

GI Coef. Std. Err. t P>|t| 95% Conf. interval

GI-lag 0.304 0.049 6.14 0.000 0.206 0.402

OFDI-1 − 1.765 1.022 − 1.73 0.085 − 3.778 0.247

OFDI-2 0.496 0.592 0.84 0.403 − 0.669 1.662

OFDI-3 − 0.693 0.413 − 1.68 0.094 − 1.506 0.119

R&D 0.304 0.049 6.14 0.000 0.206 0.402

HUM 0.026 0.042 0.63 0.531 − 0.110 0.057

FIN − 0.147 0.064 − 2.29 0.023 − 0.274 − 0.020

OPEN − 0.080 0.114 − 0.700 0.483 − 0.306 0.145

URB 0.013 0.004 2.77 0.006 0.003 0.023

MAR 0.351 0.217 1.62 0.107 − 0.076 0.779

Table 11 Provinces with different intensities of market incentive
environmental regulation (2017)

Market incentive
environmental regulation

Name of province

ER≤1.685 Tianjin, Liaoning, Jiangsu, Zhejiang,
Fujian, Shandong, Guangxi, Hainan,
Jilin, Heilongjiang, Jiangxi, Henan,
Hubei, Hunan, Chongqing, Sichuan,
Yunnan, Shaanxi, Guizhou, Gansu,
Ningxia, Qinghai, Xinjiang

1.685 <ER ≤ 1.750 Anhui

ER>1.750 Beijing, Hebei, Inner Mongolia, Shanxi,
Shanghai, Guangdong
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Fig. 4 Mapping annual market incentive environmental regulation in China for the years 2006 to 2017
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and waste gas, we remove industrial solid waste emissions
from the undesirable outputs and recalculate the value of
GI. The regression results are in Table 12. We see that the
double threshold effects of both market incentive environ-
mental regulation and command control environmental
regulation are significant. The estimated coefficients of
OFDI indicate that only high-intensity market incentive
environmental regulation can significantly promote the
effect of OFDI on GI, while none of the other types of
environmental regulations work, or they affect in the op-
posite way, which is basically consistent with the main
results in Table 9 and Table 10. This suggests that the core
conclusions of this paper are robust.

b. Change the time range. In order to reduce the influence
caused by sample time selection, after excluding the
samples of 2006 and 2017, we reestimate the threshold
effects using data from 2007 to 2016. From Table 13,
we see that the double threshold effects are still robust.
In light of the estimated coefficients of OFDI, we find
the conclusion that command control environmental
regulation does not play a positive role in the impact
of OFDI on GI, but the high-intensity market incentive
environmental regulation is beneficial for OFDI to pro-
mote GI of the home country, indicating the robustness
of our main conclusions.

Conclusions

Based on how OFDI affects GI of the home country, this
research constructs an analysis mechanism, suggesting that
the impact of OFDI onGI is non-linear due to different effects,
and that there is a threshold effect of environmental regulation.
Employing panel data of 30 provinces in China from 2006 to
2017, we utilize the system GMM and threshold models to
reveal that the empirical results are in line with the analysis.

The results of this paper are the following. (1) The neg-
ative impact of OFDI on GI is not significant on the whole,
but the results of regional regression show that the impact
of OFDI on GI has obvious regional differences. OFDI
significantly promotes GI in the eastern region, has no
significant impact in the central region, and has a negative
impact in the western region. (2) The double threshold
effects of both environmental regulations are significant.
When the intensity of market incentive environmental reg-
ulation is low, OFDI negatively affects GI. With the im-
provement of market incentive environmental regulation
intensity, the estimated coefficient of OFDI turns positive,
but not significant. Only when the market incentive regu-
lation shows high intensity can OFDI significantly pro-
mote GI. (3) When the intensity of command control envi-
ronmental regulation is very low or very high, OFDI sig-
nificantly hinders GI. When the command control environ-
mental regulation is in the middle range, OFDI’s

Table 12 Robustness test (GI
without industrial solid waste
emissions)

Market incentive environmental regulation Command control environmental regulation

F-value/Coef. p-value F-value/Coef. p-value

Single 1.643 0.023 3.831 0.043

Double 13.740 0.017 2.876 0.067

Triple 4.722 0.243 0.250 0.630

GI-lag 0.281 0.000 0.223 0.006

OFDI-1 − 0.577 0.214 − 11.328 0.061

OFDI-2 0.778 0.170 0.060 0.951

OFDI-3 9.456 0.029 − 1.960 0.046

Table 13 Robustness test (2007–
2016) Market incentive environmental regulation Command control environmental regulation

F-value/Coef. p-value F-value/Coef. p-value

Single 2.716 0.037 8.714 0.030

Double 14.400 0.007 5.412 0.067

Triple 7.737 0.134 2.933 0.117

GI-lag 0.237 0.000 0.239 0.000

OFDI-1 − 1.058 0.094 − 3.383 0.006

OFDI-2 0.015 0.983 0.197 0.772

OFDI-3 14.628 0.001 − 1.551 0.031
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coefficient is not significant. Hence, command control en-
vironmental regulation does not play a role at promoting
the effect of OFDI on GI.

Our findings suggest some policy implications. First,
as OFDI has not yet produced a reverse spillover effect
on China’s overall GI, the government should fully en-
courage enterprises to increase the amount of technology
seeking oriented OFDI in the process of investing abroad,
and to actively learn and introduce foreign advanced ideas
and technologies, so as to achieve the purpose of promot-
ing domestic GI through OFDI. At the same time, due to
the obvious regional differences in the GI impacts of
OFDI, the government should adopt differentiated region-
al policies according to local conditions. Second, because
the impact of OFDI on GI has significant threshold effect
of environmental regulation, full attention should be paid
to take advantage of environmental regulation to induce
the GI impacts of OFDI. The empirical results showed
that the impact of OFDI on GI is significantly different
under different intensity of environmental regulation.
Therefore, the government should attach importance to
the coordination of environmental regulation and invest-
ment strategies, and give full play to the threshold role of
environmental regulation in the GI impacts of OFDI.
Third, market incentive environmental regulation should
be placed a high value. The results of this paper showed
that OFDI can significantly promote GI only when the
intensity of market incentive environmental regulation is
high, which has been well verified in some provinces of
China. Therefore, when formulating environmental regu-
lation policies, the government should actively learn the
advanced experience from Beijing, Hebei, Shanghai, and
other high-intensity environmental regulation provinces,
fully strengthen market incentive environmental regula-
tion, and gradually reduce the use of command control
environmental regulation tools. Only in this way can
OFDI realize reverse spillover.

In this paper, the samples were provincial panel data
of China, which were relatively mature. However, com-
pared with provincial panel data, different industries may
face different environmental constraints, so the impact of
OFDI on GI may vary greatly among different industries.
Therefore, in future research, we will take industry panel
data as samples to test the impact of OFDI on GI. We
will also continue to study the threshold role of environ-
mental regulation. In addition, it is of great significance
to take full account of the heterogeneity of OFDI desti-
nation countries, and study whether there are significant
differences in the impact of OFDI on GI between
investing in developed countries and investing in devel-
oping countries, so as to provide more policy implica-
tions for promoting the reverse spillover of OFDI in the
future.
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