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Abstract: Regional green technological progress is an important driver of regional green technology
innovations. To explore in depth the impact of green finance and international technology spillover on
regional green technology innovation, this study incorporates green finance, international technology
spillover, and green technology innovation into the same analytical framework. In addition, based
on a new perspective of regional innovation capabilities, this study analyzes the impact of green
finance and international green technology spillovers on green technology innovation. The data were
collected in 30 Chinese provinces from 2003 to 2019 and analyzed by a panel fixed-effects model.
The interaction between green finance, international technology spillover, and regional innovation
capability was investigated to understand the impact of each interaction on green technology in-
novation. Second, regional innovation capability was used as an intermediary variable to identify
its underlying mechanism. Finally, the spatial spillover effect of green technology innovation was
analyzed using the spatial Durbin model. We found that: (1) green finance, import trade, outward
foreign direct investment (OFDI), and regional innovation capability can promote regional green
technology innovation, while inward foreign direct investment (IFDI) has an inhibitory effect on the
innovation; (2) the interaction of green finance, international technology spillovers, and regional inno-
vation capacity positively impacts green technology innovation; (3) green finance and international
technology spillovers can promote green technology innovation by promoting regional innovation
capabilities; (4) and green technology innovations have spatial spillover effects, and innovations in
one region can promote the growth of green technologies in adjacent regions. This study provides a
reference not only for China but also for other developing countries to promote green technology
advancement and achieve sustainable development goals.

Keywords: green finance; technology spillovers; green technology innovation; regional innovation
capability; intermediary effect; spatial spillover effect

1. Introduction

Sustainable development has become a common goal in the world as all countries
face the problems of environmental pollution and energy shortages. Since the “reform
and opening-up” program in 1978, China’s economy has dramatically grown. However,
environmental pollution, inefficient use of energy, and lack of innovation and development
momentum are also becoming increasingly prominent. China’s most significant challenge
is how to find a balance between economic development and the associated environmental
problems [1]. As the Chinese economy enters a period of structural transformation, sus-
tainable development has become scholars’ and policymakers’ focus of attention. Green
technology innovation is regarded as an important means of achieving that [2]. According
to Braun and Sway [3], green technology innovation can not only reduce pollution and
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energy consumption but can also promote an ecological environment for business. Taking
economic development and environmental protection into account, green technology in-
novation has become an important way to break through the environmental and resource
constraints and achieve economic growth [4].

Although many countries have gradually strengthened the guidance and support for
green technology innovation, the level of green technology innovation is still low due to its
own characteristics of low return, long cycle, and high risk, especially in developing coun-
tries. Against this background, the concept of green finance was introduced; it describes
a new financial model integrating environmental protection and economic benefits that
promotes green technology innovation. Green finance can guide the transfer of funds from
traditional high-energy and high-pollution enterprises to environmental industries through
capital allocation, which can reduce the financing costs of the enterprises that protect the
environment and can increase the financing threshold of polluting enterprises to create a
new economic structure—a green transition [5].

In addition to the knowledge stock within the region promoting green technology
innovation, green technology spillover from outside the region is also an important factor
in promoting regional green technology innovation. IFDI, OFDI, and international trade
are important channels for the international circulation of resources, as well as important
carriers and channels for advanced technology transfer between developing and developed
countries [6,7]. Some scholars have found that the technology and the knowledge of
developed countries spread outward through international exchanges and cooperation, a
process called international technology spillover [8]. Developing countries absorb such
spillovers through import–digestion–imitation, which enables them to obtain advanced
technologies at a lower cost [9]. In the context of sustainable development, the innovation
drive has become the engine of China’s economic growth, and opening up to the outside
world and exploiting the spillover effects of international technologies are important
ways for China to rapidly improve its green innovation capabilities [10]. However, the
effective absorption and diffusion of international technology spillovers require a suitable
environment [11]. For example, international technology spillovers during the early days of
the reform and opening up program led to the formation of a technological progress model
in China that focused on introducing knowledge and technology, but this model negatively
impacted the industrial development of the country. An “emphasis on introduction and
neglection of absorption” leads to a host country’s dependence on imported technology,
which is not conducive to the technological innovation of local enterprises. The root of
this problem is a low capacity for absorption and independent innovation. Therefore, the
absorptive capacity of the host country and regional innovation capacity are determinants
of the full absorption and utilization of foreign knowledge and technology [12].

In summary, it is necessary to analyze the impact of green finance and international
technology spillover on green technology innovation based on the perspective of regional
innovation capacity. To investigate the impact of green finance and international technology
spillovers on green technology innovation, we analyzed the data collected from 30 provinces
in China, covering the period from 2003 to 2019, using a fixed-effects model. Then, we
examined the impact of green finance, international technology spillovers, and regional
innovation capabilities on green technology innovation using an interaction term. In
addition, an intermediary effect model was used to further explore the intermediary role
of regional innovation capability in green finance and international technology spillovers
affecting green technology innovation. Finally, we assessed the spatial spillover effects of
green technology innovations using the spatial Durbin model.

This study contributes to the existing literature in the following ways. First, we incor-
porate green finance, international technology spillovers, regional innovation capabilities,
and green technology innovations into the same analytical framework to avoid estima-
tion bias caused by a single channel, and we thereby make up for the shortcomings of
the models which ignore the heterogeneity effects. Second, this study comprehensively
analyzes the impact of international technology spillovers on green technology innova-
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tion, taking three variables into account: OFDI, IFDI, and import trade. Most studies
have investigated its impact from a single-perspective view, considering one variable at
a time. Third, the analysis of the interactions, intermediary effects, and spatial spillover
effects that we conducted further clarifies the mechanism underlying the impact of green
finance, international technology spillovers, and regional innovation capabilities on green
technology innovation.

2. Literature Review
2.1. The Impact of Green Finance on Green Technology Innovation

Compared with traditional technological innovation, green technological innovation is
characterized by long cycles, slow returns, and high risks. These characteristics make it diffi-
cult to support the green innovation activities of enterprises through endogenous financing.
Enterprises, therefore, often turn to external financing methods with high costs, such as eq-
uity and debt financing [13]. However, many external investors and banks prefer traditional
investments with significant economic benefits under imperfect capital market conditions,
resulting in high external financing constraints for green innovation activities [14]. Green
finance aims to provide market-oriented capital guarantees for green technologies, projects,
and industries through capital allocation [15], and the implementation of green finance
policies can further enhance the impact of green finance development [16]. Promoting the
development of green finance and the growth of regional green technologies is therefore
the key to regional sustainable development [17].

In recent years, green finance has received widespread attention from the academic
community as an important way to promote green technology innovation and sustainable
development. The studies claim that green finance mainly affects green technology innova-
tion through the following channels: (1) Optimization of social capital allocation. Green
finance can provide preferential credit interest rates to low-pollution, low-consumption, and
energy-saving industries that protect the environment, thereby increasing the credit costs
of enterprises in heavily polluting industries and guiding financial market funds to flow
from heavily polluting to energy-saving and environmentally friendly industries [18]. (2)
Provision of financial support. Green finance can provide significant financial support for
environmental enterprises, alleviate the financing constraints green technologies face, and
provide more trial-and-error capital for research and development (R&D) processes [19].
(3) Reduction in risk. Through a long-term risk-sharing financial system, green finance can
effectively reduce liquidity risks [20]. (4) Information transfer. Green finance can reduce
the cost of resource matching for green technology innovation. For example, green finance
can reduce resource-matching costs by facilitating cooperation and information sharing
between firms and financial institutions [21]. Accordingly, we propose Hypothesis 1.

H1a. Green finance can promote regional green technology innovation.

H1b. The interaction of green finance and regional innovation capacity can promote regional green
technology innovation.

2.2. Research on the Influence of International Technology Spillover on Green
Technology Innovation

The environmental problems caused by climate change as well as the role of green
technologies in reducing environmental pollution are becoming increasingly evident. As
multi-channel international technology spillovers improve the innovation capabilities of
open economies [22], scholars have explored the impact of international spillovers from
different channels on green technology innovation.

OFDI is an important channel for advanced international technology acquisition.
This technology transfer process is called reverse technology spillover [23]. Green tech-
nologies can also be transferred through OFDI, accelerating green innovation in recipient
countries [24]. According to previous studies, the green technology spillover of OFDI
is mainly realized through the following methods: (1) Acquisition of green technology.
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When one country invests in another, it gains access to local intellectual resources, the
leading technologies of local companies, and the achievements of R&D institutions. At
the same time, subsidiaries are constrained by local environmental regulations and legal
systems. They therefore raise awareness of green innovation in their home country while
absorbing local technology spillovers [25]. (2) Human capital effects. Subsidiaries can hire
local R&D personnel to enhance their technological innovation capabilities [26]. The labor
flow between the parent company and its subsidiaries leads to a new knowledge spillover
effect on the parent company and helps to promote the green technology progress of the
parent company [27]. (3) R&D financial support. The profits earned through OFDI provide
financial support for the parent company’s R&D investment and ultimately promote green
technology innovation in the home country [28]. In addition, some studies have found that
China’s investment in developed countries can cause reverse green technology spillover
effects and promote China’s green technology progress. However, the investment in devel-
oping countries has failed to drive progress in green technologies [29]. Accordingly, we
propose Hypothesis 2.

H2. OFDI can promote green technology innovation.

Scholars widely support the technology spillover effect of IFDI. In recent years, due
to the intensification of environmental pollution, more and more attention has been paid
to the impact of the green technology spillover effects of IFDI on host countries. For
example, Liu et al. [30] found that such spillovers can control environmental pollution and
optimize industrial structures. In addition, Castellani et al. [31] found that IFDI invested
in R&D activities can amplify the green spillover effects because it directly increases the
local knowledge base and stimulates innovation. Earlier research shows that (1) IFDI can
promote regional green technology innovation through personnel mobility, competition,
and demonstration, as well as industry association effects [32]. (2) IFDI improves the host
country’s industrial structure through technology spillover effects and provides technical
and financial support that stimulates progress in green technologies [33,34]. Some scholars,
however, hold different opinions. Pandeng et al. [35] find that FDI increases environmental
pollution in the textile industry in China, validating the “pollution paradise” hypothesis.
Arif et al. [36] believe that the inflow of IFDI promotes the expansion of the production
activities of the host country, thereby aggravating environmental pollution. In addition, Hu
et al. [37] found that labor-based IFDI does not lead to green technology spillovers. Cheng
et al. [38] found that IFDI benefits the green growth of medium- and high-tech industries
but has no significant impact on low-tech industries. Further, Wang et al. [39] suggest
that the host country’s level of marketization and innovation capacity are two key factors
affecting the green spillover effect of FDI. Improving innovation capacity always promotes
the diffusion of FDI green technology spillover effects in the host country. Similarly, Xu
and Li. [40] find that FDI has a negative effect on green productivity when developing
countries have low innovation capacity; when developing countries’ innovation capacity
exceeds a threshold, FDI can increase green productivity in the host country. Accordingly,
we propose Hypothesis 3.

H3a. FDI can promote regional green technological progress.

H3b. FDI can inhibit regional green technological progress.

International trade not only promotes economic growth but is also an important chan-
nel for international technology spillover. Zhang et al. [41] believe that the green technology
spillover brought about by import trade improves China’s air environment. Prior research
suggests that import trade can promote green technology innovation through the follow-
ing channels: (1) Developing countries can benefit from international trade technology
spillovers through trade exchanges, technology exchanges, and other activities, which
helps to narrow the technology gap between developed and developing nations. These
technologies also introduce new innovations to importing countries and promote domestic
green innovation capabilities [42]. (2) Enterprises can improve their technological level
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and production efficiency by learning from trading partners. Moreover, diversified inter-
mediate products that are complementary to domestic products aid the optimal allocation
of resources and improve productivity [43]. (3) To obtain specific trade goods, developed
countries often provide support such as key technologies and equipment [44]. Accordingly,
we propose Hypothesis 4.

H4. Import trade can promote regional green technological progress.

Some scholars have suggested that international technology spillovers play an im-
portant role in the technological progress of the host country. This depends, however, on
the host country’s ability to absorb and integrate imported advanced technologies [45].
Similarly, Zhao et al. [46] found that regions with strong absorptive capacities can quickly
transform the received spillover knowledge into economic output. They argue that the
higher the absorptive capacity, the stronger the region’s ability to transform knowledge
spillovers into a green economy. Accordingly, we propose Hypothesis 5.

H5. The interaction between international technology spillovers (import trade, IFDI, and OFDI)
and regional innovation capacity can promote green technological progress.

To summarize, the scholars have provided in-depth analyses of the relationships be-
tween green finance, international technology spillovers, and green technology innovations.
However, most prior studies take a single perspective when exploring the impact of green
finance or international technology spillovers on green technology innovation. In addition,
most research is based on single-channel analyses and focuses on only OFDI, IFDI, or
import trade. Finally, although regional innovation capabilities are important factors that
determine a region’s ability to absorb international technology spillovers and transform
them into green technology innovations, they have so far received insufficient attention.
Here, we therefore integrated green finance, international green technology spillovers
(import trade, IFDI, and OFDI), and green technology innovation into a unified framework.

3. Methodology Specification and Variable Description
3.1. Model Construction

In the existing research, technology spillover production is usually described by
a Cobb–Douglas production function and a trans-log production function. In order to
facilitate the inspection and research needs, we established a C–D type green technology
spillover effect model:

GTit = f(GFit, RICit, IMSit, OFDISit, IFDISit ) (1)

We then took logarithms on both sides of Formula (1) to alleviate the heteroscedasticity
and multicollinearity problems of the econometric model and to visually display the elastic
coefficient relationship between the variables, and we derived the following baseline linear
model:

LnGTit = α0 + α1LnGFit + α2LnRICit + α3LnIMSit + α4LnOFDISit + α5LnIFDISit + εit (2)

In order to further examine the impact of the interaction of green finance, international
technology spillovers, and regional innovation capabilities on green technology innovation,
we introduced the interaction term into the model:

LnGTit = α0 + α1LnGFit + α2LnRICit + α3LnIMSit + α4LnOFDISit + α5LnIFDISit
+α6LnGFit × LnRICit + α7LnIMSit × LnRICit

+α8LnOFDISit × LnRICit + α9LnIFDISit × LnRICit + εit

(3)

where LnGTit is the green technology innovation of province t in year i in China; LnGFit is
the green finance of province t in year i in China; LnRICit is the regional innovation capa-
bility; LnIMSit is the import trade technology spillover; LnOFDISit is the OFDI technology
spillover; LnIFDISit is the IFDI technology spillover; and εit is the error term.
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3.2. Variable Description and Data Source
3.2.1. Green Technology Innovation

The green patent application data directly reflect green technology innovation [47].
We therefore used the number of green patent applications as a proxy indicator.

3.2.2. Green Finance

This study followed the method described in Li et al. [48]. In brief, we calculated the
comprehensive evaluation indicators of green finance based on four dimensions: green
credit, green securities, green insurance, and green investment.

3.2.3. Regional Innovation Capability

This paper used the regional innovation capability index provided by the “Report on
China’s Regional Innovation Capability” as a proxy indicator.

3.2.4. Green International Technology Spillover

This paper drew on the method used by Lichtenberg et al. [49] to measure the techno-
logical spillover effects of various channels (see Equations (4)–(6)).

The green international technology spillover (IMSit) from the import channel was
calculated as follows:

IMSit =
IMit

IMt

n

∑
j=1

(
EXjt

GDPjt
× ESjt) (4)

where IMSit is the green international technology spillover generated through the import
channel in province i in year t; ESjt is the number of green patents in country j in year t;

EXjt
GDPjt

is the proportion of country j’s exports to its GDP in year t; and IMit
IMt

is the proportion
of imports of goods in province i in the whole country.

The following formula was used to calculate the green international technology
spillover (IFDISit) from the IFDI channel:

IFDISit =
IFDIit

IFDIt

n

∑
j=1

(
IFDIjt

GDPjt
× ESjt) (5)

where IFDISit is the green international technology spillover generated by IFDI in province

i in year t;
IFDIjt
GDPjt

is the proportion of investment in country j in year t (relative to its GDP);
IFDIit
IFDIt

is the proportion of foreign capital utilized in province i in year t.
The green international technology spillover (OFDISit) from the OFDI channel was

calculated as follows:

OFDISit =
OFDIit

OFDIt
∑n

j=1(
OFDIjt

GDPjt
× ESjt) (6)

where OFDISit is the green international technology spillover generated by OFDI in

province i in year t;
OFDIjt
GDPjt

is the ratio of China’s investment in country j in year t (rel-

ative to its GDP); and OFDIit
OFDIt

is the non-financial foreign investment by province i in year t.
The amount of direct investment accounts for the proportion of the whole country.

Due to data availability, this study only used samples collected in 30 Chinese provinces
(autonomous regions and municipalities) from 2003 to 2019; data from Tibet, Hong Kong,
Macao, or Taiwan were not included. Furthermore, we performed logarithmic processing
on all the variables to mitigate the heteroscedasticity and multicollinearity problems in
the econometric models and to visualize the elastic coefficient relationships among the
variables. The basic summary statistics included the mean, standard deviation, and the
minimum and maximum value for each variable (see Table 1).
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Table 1. Basic statistics.

Variable Obs. Mean Std. Dev. Min Max

LnGT 510 2.750 0.791 0 4.509
LnGF 510 −0.892 0.218 −1.379 −0.101
LnRIC 510 1.439 0.142 1.186 1.775
LnIMS 510 −4.292 0.754 −6.399 −2.161

LnOFDIS 510 −2.781 1.069 −6 0.189
LnIFDIS 510 −2.679 0.712 −5.735 −1.309

Note: Dates are drawn from the China Statistical Yearbook (2003–2019), Statistical Bulletin of China’s Outward
Direct Investment (2003–2019), EPS China data, UN Comtrade, World Bank, and OECD.Stat.

4. Findings and Discussions
4.1. Baseline Results and Moderating Effect Results

To assure the robustness of the regression analysis, we added the variables of inter-
est to the model one at a time. Table 2 shows that adding explanatory variables did not
significantly change the coefficients, signs, and significance of each variable, indicating
that our results are stable. The results in column 5 of Table 2 show that green finance,
regional innovation capability, import trade, and OFDI have all significantly promoted
China’s regional green technology innovation during the study period (verifying hypothe-
ses H1a, H2, and H4). The elasticity coefficient of regional innovation ability (1.002 at most)
indicates that a 1% increase in regional innovation ability promotes green technology inno-
vations by 1.002%. However, our analysis also demonstrates that IFDI inhibited regional
green technology innovation (verifying Hypothesis H3b), a result supported by Behera
and Sethi [50]. In addition, the regression results of the interaction term in columns 6–9
show that the interaction of green finance, international technology spillovers, and regional
innovation capabilities promotes green technology innovation (verifying hypotheses H1b
and H5). The reasons for this observation may be the following: (1) Green finance not only
provides financing support for green industries and alleviates the financing difficulties
green technologies face, it also raises the financing threshold for “highly polluting” enter-
prises. It thereby forces polluting enterprises to actively develop and introduce cleaner
production technologies and provides strong support for the improvement of regional
innovation capabilities and green technology innovation [51]. (2) In order to obtain spe-
cific trade goods, developed countries often provide support, such as key technologies
and equipment Ref. [44]. In addition, as China is a major import trade country, enter-
prises can introduce environmentally friendly products with high technological content
and then promote regional green technology innovation through learning and absorption.
(3) The host country acquires and introduces green technologies by setting up subsidiaries
in developed countries, and the exchange of personnel and technology between the par-
ent company and its subsidiaries provides technical and talent support for the parent
company’s green technology innovation. (4) China’s IFDI structure is still dominated by
resource- and labor-intensive industries, which have so far not stimulated significant knowl-
edge and technology spillovers [52]. In addition, foreign-funded enterprises do not necessar-
ily introduce their cutting-edge technologies to the host country because they wish to main-
tain a competitive advantage. IFDI therefore does not directly promote green technology
innovation in China. However, the host country can digest and assimilate the acquired tech-
nology and transform it externally into new usable knowledge [53]. The interaction between
IFDI and regional innovation capabilities can thus stimulate green technology innovation.
(5) Regional innovation capability is an important basis for a region’s independent R&D
and foreign technology absorption capabilities. China is also increasingly focusing on
innovation capabilities and has declared its strategic goal of building an “innovative coun-
try”. By continuously improving its regional innovation capabilities, the country provides
effective support for green technology innovation.
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Table 2. Baseline and moderating effect results.

Variable (1) (2) (3) (4) (5) (6) (7) (8) (9)

LnGF
0.914

***
(5.16)

0.692
***

(4.04)

0.647
***

(3.77)

0.710
***

(4.12)

0.723
***

(4.20)

0.790
***

(4.21)

1.009
***

(5.62)

0.916
***

(4.89)

0.816
***

(4.85)

LnRIC
1.148

***
(7.09)

1.109
***

(6.84)

0.984
***

(5.86)

1.002
***

(5.97)

0.983
***

(5.82)

0.964
***

(5.87)

0.958
***

(5.71)

0.994
***

(6.09)

LnIMS 0.100 **
(2.23)

0.093 **
(2.08)

0.116 **
(2.49)

0.105 **
(2.20)

0.113 **
(2.49)

0.092 *
(1.95)

0.096
**

(2.11)

LnOFDIS 0.029 **
(2.65)

0.029 **
(2.64)

0.028 **
(2.55)

0.023 **
(2.16)

0.040
**

(3.43)

0.024
**

(2.31)

LnIFDIS
−0.047

*
(−1.78)

−0.046
*

(−1.73)

−0.058
**

(−2.22)

−0.051
*

(−1.93)

0.0001
(0.00)

LnGFit × LnRICit
0.730 **
(2.13)

LnIMSit × LnRICit

0.617
***

(4.61)

LnOFDISit × LnRICit

0.135
**

(2.52)

LnIFDISit × LnRICit

0.726
***

(5.19)

Constant
2.826

***
(14.48)

0.954
**

(2.96)

1.341
***

(3.67)

1.621
***

(4.29)

1.574
***

(4.17)

1.945
***

(34.90)

1.927
***

(40.56)

1.944
***

(39.54)

1.891
***

(39.78)
Adj-R2 0.949 0.954 0.955 0.956 0.956 0.956 0.958 0.956 0.958

Cross-section fixed YES YES YES YES YES YES YES YES YES
Period fixed YES YES YES YES YES YES YES YES YES

N 510 510 510 510 510 510 510 510 510

Note: T-values are shown in parentheses; * 10% significant level; ** 5% significant level; *** 1% significant level.

4.2. Mediating Effect Analysis

In order to further explore the mechanism underlying the impact of green finance
and international technology spillovers on green technology innovation, the following
mediation effect model was constructed:

LnGTit = a0 + a5LnRICit + εit (7)

LnRICit = b0 + b1LnGFit + b2LnIMSit + b3LnOFDISit + b4LnIFDISit + εit (8)

LnGTit = c0 + c1LnGFit + c2LnRICit + c3LnIMSit + c4LnOFDISit + c5LnIFDISit + εit (9)

The results in Table 3 show that green finance, import trade, OFDI, and IFDI all pos-
itively impact regional innovation capabilities. This confirms that green finance, import
trade, OFDI, and IFDI contribute to green technology innovation by promoting regional
innovation capacity. The possible reasons for this observation are that (1) technology in-
novation projects have higher risks and longer cycles than general investment projects,
and green finance improves regional innovation capacity and reduces the risk of innova-
tion projects. (2) International trade can promote technology exchange between trading
parties, and developing countries can improve regional innovation capacity through tech-
nology spillover from import trade. In addition, in order to adapt to the increasingly
fierce competition in the international market, Chinese enterprises can increase their R&D
investment or technology introduction to improve their core competitiveness, which in
turn promotes regional innovation capacity. (3) Reverse technology spillovers from OFDI
can bring advanced production technology and management experience to the home coun-
try and thereby provide technological and knowledge support to improve its innovation
capacity [54]. (4) IFDI, as an important driver of technological progress, contributes to the
improvement of regional innovation capacity, mainly through technology spillovers, hu-
man capital spillovers, industrial structure improvements, and agglomeration effects [55],
which in turn promotes the growth of green technologies.
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Table 3. Mediating effect results.

Variable (1) (2) (3) (4) (5)

LnGF 0.194 ***
(4.00)

0.723 ***
(4.20)

LnRIC 1.002 ***
(5.97)

LnIMS 0.036 **
(2.81)

0.116 **
(2.49)

LnOFDIS 0.018 ***
(6.00)

0.029 **
(2.64)

LnIFDIS 0.016 **
(2.19)

−0.047 *
(−1.78)

Constant 1.631 ***
(30.61)

1.457 ***
(161.31)

1.461 ***
(71.42)

1.557 ***
(31.52)

1.574 ***
(4.17)

Adj-R2 0.176 0.209 0.157 0.162 0.956
Cross-section fixed YES YES YES YES YES

Period fixed YES YES YES YES YES
N 510 510 510 510 510

Note: T-values are shown in parentheses; * 10% significant level; ** 5% significant level; *** 1% significant level.

4.3. Spatial Spillover Effect Analysis
4.3.1. Spatial Econometric Model Setting

According to the Coe–Helpman model, a country’s (or a region’s) technological
progress is influenced by import trade, FDI, and OFDI. In addition, we constructed the
following spatial Durbin model, built on the spatial interaction model of Hu et al. [56], by
relaxing the linearity assumptions inherent in the C–H model based on the results of the
spatial effects model test:

LnGTit = β0 + ρ
n
∑

j=1
WijLnGTit + β1LnGFjt + β2 LnRICit + β3LnIMSit

+β4LnOFDISit + β5LnIFDISit + θ1WijLnGFit + θ2WijLnRICit
+θ3WijLnIMSit + θ4WijLnOFDISit + θ5WijLnIFDISit + εit

(10)

W is the spatial weight matrix: we used a geographic weight matrix (W1) and an economic–
geographic weight matrix (W2); ρ is the spatial autoregressive coefficient; [β1 −β5] represents
the spatial spillover coefficient of each explanatory variable; [θ1 − θ5] is the respective
parameter to be estimated; and εit is the error term.

4.3.2. Regression Results of Spatial Spillover Effects
Spatial Autocorrelation Test

Table 4 lists the results of Moran’s I and Geary’s C indices tests based on W1 and W2.
The Moran’s I and Geary’s C indices are greater than 0, which led us to reject the original
hypothesis of no spatial correlation. These results show that green technology innovation
has a significant spatial spillover effect and suggest a spatial econometric analysis.
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Table 4. Results of Moran’s I and Geary’s C indices tests.

Years
Geographic Weight Matrix (w1) Economic–Geographic Weight Matrix (w2)

Moran’s I p-Value Geary’s C p-Value Moran’s I p-Value Geary’s C p-Value

2003 0.089 0.152 0.802 0.082 0.054 0.036 0.902 0.047
2004 0.197 0.026 0.697 0.018 0.085 0.007 0.867 0.013
2005 0.14 0.078 0.752 0.033 0.116 0.001 0.83 0.001
2006 0.176 0.043 0.738 0.025 0.118 0.001 0.821 0.001
2007 0.215 0.02 0.681 0.011 0.12 0.001 0.838 0.002
2008 0.183 0.039 0.733 0.023 0.114 0.002 0.831 0.001
2009 0.208 0.025 0.726 0.02 0.114 0.002 0.835 0.001
2010 0.192 0.032 0.746 0.03 0.107 0.002 0.837 0.002
2011 0.212 0.021 0.728 0.025 0.097 0.004 0.848 0.004
2012 0.22 0.019 0.722 0.019 0.102 0.003 0.845 0.002
2013 0.198 0.03 0.76 0.035 0.096 0.005 0.845 0.002
2014 0.232 0.015 0.706 0.014 0.086 0.008 0.865 0.007
2015 0.252 0.01 0.683 0.008 0.105 0.003 0.852 0.003
2016 0.289 0.005 0.663 0.005 0.104 0.003 0.858 0.004
2017 0.276 0.006 0.697 0.01 0.092 0.006 0.87 0.008
2018 0.294 0.004 0.677 0.007 0.117 0.001 0.841 0.002
2019 0.26 0.009 0.701 0.012 0.121 0.001 0.83 0.001

Model Test

Table 5 lists the spatial spillover effect regression results. The LR and Wald test results
indicate that the SDM model cannot degenerate into a SAR or SEM model. In addition, the
Hausman test results indicate that the original hypothesis of random effects needs to be
rejected. This analysis suggests the need for a fixed-effects SDM model.

Analysis of Spatial Spillover Effect Results

A comparison of the results of the spatial panel model and the ordinary linear OLS
regression yields consistency in the signs and significance of all the coefficients, indicating
that the results of the spatial panel model are robust. Second, ρ is significantly positive
at the 1% level in both the W1 and the W2 weight matrix, illustrating a significant spatial
interaction of regional green technology innovation. Third, the largest value of ρ was
observed in the W2 weight matrix, which suggests that the economic–geographic weight
matrix has a greater spatial effect than the matrix that only considers geographic factors.
Moreover, each 1% increase in green technology innovations in a region induces a 0.668%
increase in innovations in regions with near geographic–economic distance. To further
explore these findings, we performed a spatial effect decomposition analysis based on the
regression results of the W2 weight matrix.

Table 5. Spatial spillover effect regression results.

Variable OLS W1 W2

ρ
0.575 ***
(11.82)

0.668 ***
(12.12)

LnGF 0.723 ***
(4.20)

1.003 ***
(5.83)

0.838 ***
(4.90)

LnRIC 1.002 ***
(5.97)

0.926 ***
(5.75)

0.866 ***
(5.24)

LnIMS 0.116 **
(2.49)

0.046
(1.05)

0.085 *
(1.92)

LnOFDIS 0.029 **
(2.64)

0.038 ***
(3.64)

0.034 ***
(3.34)

LnIFDIS −0.047 *
(−1.78)

−0.045 *
(−1.83)

−0.047 *
(−1.93)

WLnGF 0.306
(1.11) 0.113(0.36)

WLnRIC −0.537
(−1.64)

−0.117
(−0.28)

WLnIMS −0.193 ***
(−3.35)

−0.163 **
(−2.45)

WLnOFDIS −0.099 ***
(−4.21)

−0.108 **
(−2.96)

WLnIFDIS 0.122 **
(2.51)

0.101 *
(1.82)

Constant 1.574 ***
(4.17)
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Table 5. Cont.

Variable OLS W1 W2

R2 0.956 0.812 0.817

Hausman test 78.22
[0.02]

27.49
[0.00]

60.73
[0.00]

Log likelihood 337.125 349.691

LR spatial lag test 38.44
[0.00]

19.21
[0.00]

LR spatial error test 96.81
[0.00]

65.19
[0.00]

Wald spatial lag test 38.56
[0.00]

18.90
[0.00]

Wald spatial error test 59.73
[0.00]

34.87
[0.00]

Cross-section fixed Yes Yes Yes
Period fixed Yes Yes Yes

N 510 510 510

Note: Z-values and t-values are shown in parentheses; p-values are shown in square brackets; * 10% significant
level; ** 5% significant level; *** 1% significant level; W1 is the geographic weight matrix; W2 is the economic–
geographic weight matrix.

Spatial Effect Decomposition Analysis

Table 6 displays the decomposition results of the direct and indirect effects of the SDM
model based on the W2 weight matrix. The direct effect results show that the coefficients of
green finance, regional innovation capacity, import trade, and OFDI are all significantly
positive, indicating that all four factors significantly promote regional green technology
innovation. However, this is not the case for IFDI. In addition, the coefficients and signs of
the variables are consistent with the linear OLS results, which again proves the robustness
of our results.

The results of the indirect effect analysis show that green finance available in one
region can also promote green technology innovations in other regions. However, import
trade and OFDI in one region do not stimulate innovations in other regions. The reasons for
this observation may be that (1) higher geographical costs increase transaction costs, and
neighboring regions can therefore not benefit from technology spatial spillover effects. (2)
As the international intellectual property protection system becomes stricter and developed
countries strengthen the protection of their advanced technologies, the cost of introducing
such technologies in developing countries is rising. In addition, enterprises will adopt
temporary “technology locks” to maintain their competitive advantage, which can lead to
negative spillover effects on other regions Ref. [13].

Table 6. Spatial spillover effects under W2 weight matrix.

Variable
W2 Weight Matrix

Direct Effects Indirect Effects Total Effects

LnGF 0.906 ***
(5.25)

1.972 ***
(3.72)

2.878 ***
(5.35)

LnRIC 0.904 ***
(5.54)

1.427
(1.08)

2.331 *
(1.72)

LnIMS 0.079 *
(1.90)

−0.315 *
(−1.95)

−0.236
(−1.44)

LnOFDIS 0.026 **
(2.35)

−0.245 **
(−2.04)

−0.219 *
(−1.74)

LnIFDIS −0.041 ***
(−1.72)

0.209
(1.30)

0.168
(1.00)

Note: Z-values are shown in parentheses; * 10% significant level; ** 5% significant level; *** 1% significant level.

4.4. Robustness Tests

(1) To ensure the accuracy of the estimation results, this study used two-stage least
squares (2SLS) to address possible endogeneity issues. According to Jing and Zhang [57],
explanatory variables related to foreign openness (import trade, OFDI, and IFDI) are con-
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sidered endogenous variables with their first-order and second-order lags as instrumental
variables. The results are depicted in column 1 of Table 7.

(2) We referred to Lu et al. [58] to add macro control variables for robustness testing:
human capital (proportion of higher education) and real GDP (logarithmic in 2000 as the
base period) (see column 2 of Table 7).

(3) R&D input (in logarithmic form) was used as a proxy variable for regional innova-
tion capacity (see column 3 of Table 7).

The results of the under-identification and the weak instrumental test indicated that
the instrumental variables were correlated with the endogenous variables and that there
were no weak instrumental variables (column 1 of Table 7). The p-value of the Sargan test
was greater than 0.1, indicating that the selected instrumental variables were exogenous
and that our panel IV estimation is valid. Furthermore, we compared the regression
results in columns (1)–(3) of Table 7 with the baseline regression results and observed that
the regression coefficients of the highlighted green technology innovation variables only
changed in magnitude and significance. This demonstrates once more that our results are
robust and reliable.

Table 7. Robustness test results.

Variable (1) (2) (3)

LnGF 0.911 ***
(5.52)

0.650 ***
(3.77)

0.622 ***
(3.49)

LnRIC 0.904 ***
(5.55)

0.837 ***
(4.96)

0.423 ***
(5.49)

LnIMS 0.098 *
(1.70)

0.075 *
(1.72)

0.117 **
(2.49)

LnOFDIS 0.044 *
(1.78)

0.026 **
(2.41)

0.032 **
(2.95)

LnIFDIS −0.017
(−0.48)

−0.058 **
(−2.20)

−0.065 ***
(−2.41)

HR 0.251 **
(2.35)

LnPGDP 0.831 ***
(3.33)

Constant 0.677
(1.55)

−1.102
(−1.10)

2.249 ***
(7.29)

R2 0.956 0.958 0.955
Cross-section fixed YES YES YES

Period fixed YES YES YES

Under-identification test 120.732
[0.0000]

Weak identification test 26.761

Sargan statistic 2.569
[0.463]

N 450 510 510
Note: T-values are shown in parentheses; p-values are shown in square brackets; * 10% significant level; ** 5%
significant level; *** 1% significant level.

5. Conclusions

This study uses data from 30 provinces in China from 2003 to 2019 as the research sam-
ple. We used a fixed-effects model to analyze the impact of green finance and international
technology spillovers on green technology innovation. In addition, the interaction term of
green finance, international technology spillovers, and regional innovation capacity was
introduced to explore the combined impact of the three factors on green technology innova-
tion. Furthermore, the mechanism was tested using a mediating effect model with regional
innovation capacity as the mediating variable. Finally, we assessed the spatial spillover
effect of green technology innovation using the spatial Durbin model. We found that
(1) green finance, import trade, OFDI, and regional innovation capacity can promote regional
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green technology innovation, while IFDI suppresses such effects. (2) The interaction of green
finance, international technology spillovers, and regional innovation capacity positively impacts
green technology innovation. (3) Green finance and international technology spillovers can
promote green technology innovation by increasing regional innovation capacity. (4) Green
technology innovation does lead to spatial spillover effects, and innovations in one region can
promote the growth of green technologies in neighboring regions.

Based on the above findings, this paper puts forward the following recommendations.
First, green finance needs to be developed. The Chinese government should strengthen its
support for green finance, actively attract private capital, and leverage it to invest in green
projects. Stronger financial guarantees for green industries and technology innovations
through green finance should be provided, while attention needs to be paid to the spatial
spillover effect of green finance, to the strengthening of inter-regional exchanges and
cooperation, and to cross-regional green finance policies. Second, China needs to open
up further to the outside world to benefit from international technology spillover effects.
The government should strengthen policy guidance, encourage imports of high-tech and
environment-friendly industries, expand trade cooperation with technologically developed
countries, and increase the pulling effect of imported technology spillovers on China’s
regional green innovation; furthermore, polluting enterprises need to be encouraged to
participate in OFDI, and technological exchanges and cooperation between such enterprises
and foreign enterprises need to be promoted. Moreover, technology-acquiring OFDI needs
to be increased to promote regional green technology innovation. The environmental
threshold for introducing foreign investment needs to be raised, and the flow of foreign
investment into technology R&D and environmental protection industries needs to be
guided. Third, the government should further improve regional innovation capacities,
promote the absorption and diffusion of international technology spillovers, and provide
technical and talent support to green technologies. Fourth, attention needs to be paid to the
spatial spillover effect of green technology innovation. Strengthening the dissemination and
diffusion of green technologies in neighboring regions will also stimulate green technology
innovations in China.

This research complements the existing literature concerning the comprehensive
impact of green finance and international technology spillovers on green technology in-
novation. However, it is somewhat limited. First, this study does not analyze China by
dividing it into different regions. There are significant economic, cultural, and institutional
differences among the eastern, central, and western regions of China, which need to be
further explored in future studies. In addition, we focused only on China. Other developing
countries may have different results, and future studies may focus on other countries.
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