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With the deterioration of environmental pollution, resource security and climate
crisis, transforming the mode of economic development and developing a
green economy have turned into an international consensus. However,
environmental regulations (ERs) can help facilitate technological innovation.
As an important financial support for the green innovation transformation of
China’s manufacturing industry, it is crucial to exploit the policy synergy
between green credit (GC) and ERs at the regional level to stimulate
technological innovation effects. GC, as a financial instrument, can play a
unique role in ERs; therefore, the relationship between ERs and the level of
green technology innovation (GTI) based on the GC perspective deserves an in-
depth study. Using a spatial Durbin model (SDM) for the panel data of
30 Chinese provinces from 2006 to 2016, this paper explores the spatial
effects of ERs and GC on GTI in manufacturing and the moderating effects
of GC policies on ERs affecting GTI. The research finds that ERs exert a negative
impact on local manufacturing GTls and undermine the innovation effect in
neighboring locations through spatial spillover effects. The development of GC
helps stimulate the transformation of GTI in local manufacturing industries with
further attention on the effects of policy instruments and their combinations.
The moderating effect of GC suggests that its development can weaken the
inhibiting effect of ERs on GTI in local and neighboring areas and is particularly
significant in coastal areas. Our study provides a theoretical basis and policy
insights for coordinating government external intervention and market
operation laws at the regional level to bring into play the incentive effect of
technological innovation.
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1 Introduction

China’s industrial supply capacity has grown to the point of
being able to support economic development (Bressanelli et al.,
2019; Bressanelli et al., 2022). However, the development model
at the expense of the ecological environment at the expense of the
ills of increasingly prominent institutional barriers, technical
factor shortcomings, and phase conversion resistance is still
accumulating and has become a real obstacle to the process of
green and sustainable development (Geng et al, 2022;
Jayachandran, 2022). The new situation of a tight time
window for achieving carbon peaking and carbon neutrality
presents high requirements for China’s industrial low-carbon
transformation and green development, and realizing the
coordinated development of industrial transformation and
ecological civilization has become a major strategic issue
(Kolkis et al., 2020; Zhao et al., 2021; Zhao et al., 2022). The
19th National Congress report of the Communist Party of China
proposed the building of a market-oriented green technology
innovation (GTI) system, focusing on the change from factor
inputs to green system change and technology innovation-
driven, from the scale advantage to innovation development
advantage of the development path, has become an important
support to achieve industrial green transformation (de Oliveira
et al,, 2018; Li and Gao, 2022). It can be observed that green
technology progress has become the optimal means to achieve a
“win-win” for environmental pollution control and regional
economic growth.

As the core driving force and important support for green
development transformation, GTT combines the concepts of
“green” and “innovation,” updating product processes and
market services through technological innovation to reduce
pollution emissions, improve resource utilization efficiency (Lv
et al,, 2021; Suki et al.,, 2022), and directly optimize the green
industrial structure to promote regional green development
and Sethi, 2022).
regulation (ERs) policy is a common way to stimulate

transformation (Behera Environmental
enterprises to engage in GTI, and it plays a significant role in
the pollution treatment cost expenditure of the front-end support
of enterprises and the pollution emission of the end-end
regulation of enterprises (Hassan et al, 2022). Green credit
(GC) is an important instrument of green finance and a
GC

accounts for over 90% of the existing green financial

market-based instrument included in the broad ERs.

instruments in China and effectively promotes GTI by
enterprises (Zhang et al., 2022).

Compared with traditional non-clean technology areas, the
profit advantage of GTT is relatively weak (Shen et al., 2021);
relying on only market forces is insufficient to support the
transformation of China’s industrial economy into green
technology-oriented innovation (Wei et al., 2020). There is an
urgent need for the government to effectively implement
ecological, green, and scientific environmental economic
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policies and regulatory instruments. According to the “Porter
hypothesis”, the role of ERs in promoting innovation is
constrained by the financial status of the enterprises (Liu
et al, 2021). The micro-subjects of regional green technology
innovation are enterprises, and enterprises require continuous
and stable financial support to conduct GTL If ERs are strongin a
certain region, it leads to an increase in the demand for funds for
pollution control and innovation investment, which may cause
polluting enterprises to adopt the avoidance strategy of relocating
nearby. This leads to a significant difference in the technological
innovation effect of ERs between local and neighboring regions
(Mbanyele and Wang, 2022), resulting in the phenomenon of
“ERs failure” at the regional level (Zhong and Peng, 2022).
Therefore, green financial support is the key for the
government to fully play its role in ERs.

ERs are implemented by the state and targeted at individual
or organizational enterprises. It has been widely used as a
traditional tool for environmental protection and is a key
external driver of GTI, but its incentive effect on micro-
individual technology innovation remains controversial
(Bocher, 2012; Karmaker et al.,, 2021; Zhao et al., 2022).

Relevant studies have shown that green finance, with
benefits, has
emerging environmental governance tool for achieving
market-oriented GTI (Liu et al., 2017; Irfan et al,, 2022; Sharif
etal., 2022). However, under the constraints of ERs, the potential

economic and environmental become an

for green finance to provide financial support for enterprises to
engage in GTI activities to alleviate the contradiction between
environmental protection and economic development requires
in-depth exploration. First, the relationship between ERs and
technological innovation exhibits an inverted “U" curve; when
the intensity of ERs is weak, it promotes technological innovation
activities. When the intensity of ERs exceeds a certain threshold,
ERs restrict technological innovation, ie., it is difficult for
innovation compensation to cover the cost of compliance
(Zhang and Wei, 2014). The interregional gradient in the
intensity of the enforcement of ERs in China has led to
regions with more lenient environmental policies, thereby
providing opportunities for neighboring firms to circumvent
the high-cost business practices of pollution abatement and
technological innovation (Zhang et al., 2022). Second, as a
new environmental economic policy, the essence of GC policy
is that commercial banks provide differentiated loan pricing and
credit lines for energy-saving, clean production, and
environmental enterprises with high energy consumption and
high pollution (Soundarrajan and Vivek, 2016; Su et al., 2022;
Wang et al., 2022), which can effectively alleviate the financial
dilemma of GTT in regional manufacturing industries (Nabeeh
et al, 2021). On the one hand, green credit compresses the
financing space of highly polluting enterprises and increases the
financing cost, forcing enterprises to carry out methods of
technological innovation and transformation of production.

On the other hand, green credit provides a wider range of
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external financing channels for polluting enterprises to achieve
green innovation and transformation, which can effectively
relieve the financial difficulties of green technology innovation
in regional manufacturing industries. However, it is difficult to
rationally allocate the limited credit funds among different
regions based on the principle of parity. This results in a large
difference in the level of GC development on the impact of GTI in
local and neighboring regions. Third, in the field of
environmental policy, government mechanisms have long
dominated ecological and environmental governance, while
the constraints of financial scarcity and government failure
have hindered government mechanisms from matching the
demand for ecological and environmental improvement.
However, as the ecological environment is a quasi-public
good, green finance, as a new market-based instrument for
ecological governance, can exert a multiplier effect in a more
effective, equitable, and sustainable manner when coordinated
with the traditional environmental regulatory system (Falcone,
2020). Finally, geographically, there are differences between
coastal and inland regions in terms of economic development
level, government control, regional ecological environment,
which leads
interregional differences in ERs and GC for GTI in

and financial market development, to
manufacturing. On the one hand, it lies in the fact that ERs
instruments in coastal areas are more effective in generating
“innovation compensation” than those in inland areas (Ren
etal.,, 2018; Nie et al., 2022). On the other hand, the incentive-
matching effect of GC and ERs is more pronounced in coastal
areas than that in inland areas, which exerts a positive
moderating effect on GTI (He and Yan, 2020).

There is spatial variability in the impact of ERs intensity on
GC. When ERs are weak, the implementation of GC can
effectively guide enterprises to develop GTI by limiting
financing to “three high” enterprises. When ERs are strong,
ie, when the cost of green technology research and
development and the difficulty of financing seriously hinders
the green transformation of enterprises, more capital supply in
GC is used to solve part of the financing loan problem, thereby
effectively promoting the GTI of enterprises. However, existing
studies on GTI are mostly from a single perspective of ERs and
GC, and fail to analyze their synergistic effects and spatial
spillover effects. To fill this gap, this paper expands the spatial
analysis framework of GTI by verifying the synergistic effect of
GC and ERs on GTI and its regional differences. In terms of
research content, this paper explores the synergies between green
credit as a new environmental governance tool and traditional
environmental regulation instruments on GTT in manufacturing.
In terms of study dimensions, heterogeneity analysis is enriched
by grouping by region.

Based on this, the key questions that our study addresses are: 1)
Is there a local effect or spatial spillover effect of GC on the GTI of
enterprises? 2) In terms of interregional equity, is there a
crowding-out effect on GTI in neighboring regions due to a
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shortage of financial resources and competition from local
governments? 3) As a new type of environmental governance
tool, how will the integration of GC into an integrated framework
of ERs and GTI create synergies with traditional ERs instruments?
Therefore, our study examined 30 provinces (including
municipalities and autonomous regions) in China (excluding
Hong Kong, Macao, Taiwan, and the Tibet Autonomous
Region) as the research sample, employed a spatial econometric
model to explore the effects of ERs and GC on the role of GTI in
manufacturing, and used a moderating effect model to test the role
of GC in the process of ERs affecting manufacturing technology
innovation (Figure 1). Based on the aforementioned theoretical

analysis, this paper proposes the following hypotheses:

Hypothesis 1: A nonlinear relationship exists between ERs and
regional manufacturing green technology innovation, and this
effect is characterized by “spatial spillover."

Hypothesis 2: Green credit has a positive promotion effect on
green technology innovation in the local manufacturing industry,
but there is a resource crowding-out effect on neighboring areas.

Hypothesis 3: An incentive-matching effect exists between
local GC and ERs on GTI in manufacturing. When green
credit is invested at a certain level, it is conducive to
alleviating the crowding-out of funds for technological
the
compensation effect” of ERs for green technological innovation.

innovation by ERs and stimulating “innovation

Hypothesis 4: Heterogeneity exists between coastal and inland
regions in terms of the impact of green credit and ERs on green
technology innovation in manufacturing.

2 Materials and methods

2.1 Methods

2.1.1 Spatial econometric model setting

To investigate the spatial spillover effects of ERs and GC, we
employed spatial econometric empirical analysis. The spatial
Durbin model (SDM) based on panel data can effectively
solve the possible endogeneity problem of interregional ERs
variables. Drawing on the existing scholarly works (Ni et al,
2020), the model is constructed as shown in Model (1).

GTI“ =0+ pWGTI,t + ﬁlERS” + ﬁZGCh + 91WERS“

+ 62WGCit + aXit + & (1)

To test the moderating effect of GC on ERs and GTI in
manufacturing in Hypothesis 3, we constructed spatial econometric
models with moderating effects for the extended analysis in this paper.
The model is constructed as shown in Model (2).
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Framework flow chart.

GTI, = a+ pWGTTI, + p,ERS; + B,GC; + B,ERS; * GCy
+ 61WERS,'t + 62WGC,‘t + 93WERSit *GCy + aX,‘t + &
@

where iis a province (i =1, 2, ... 30); t is the year (t = 2006, 2007, ...
2016); GTI,; is the GTI intensity; ERs;, is the ERs intensity; GC;; is
GGC; ERs;*GC; is the cross term of GC and ERs; Xj, is a control
variable, including urbanization level (URB), innovation human
resource input (HRI), and fiscal decentralization (FE); and ¢;; is
an unpredictable error term.

2.1.2 Spatial weight matrix setting
The the
relationship between economic variables by setting a spatial

spatial econometric model reflects spatial
weight matrix, and different spatial weight matrices represent
different forms of spatial distances between variables, reflecting
the different ways of influencing regional spatial effects (Zhang
et al., 2020). Here, we selected the spatial adjacency matrix and
the economic distance spatial weight matrix.

1) Spatial adjacency matrix. The most commonly used spatial
weight matrix is the spatial adjacency matrix. According to
Ansenlin and Griffith (Anselin Griffith, 2010), a
0-1 weight matrix was constructed for the spatial adjacency of

and

30 provinces (autonomous regions and municipalities directly
under the central government) in China as follows, where the
matrix was assigned the value of one when two regions are
adjacent and 0 when two regions were not adjacent. The
calculation formula is shown in Model (3).

o = 1 i # j and when two regions are adjacent 3)
7710 i=j orwhentworegionsare notadjacent
Frontiers in Environmental Science
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2) Economic distance matrix. In addition to considering the
influence of geographical distance on economic variables,
economic distance is an important factor in portraying
regional economic differences. The weight calculation formula
is shown below. GDP; and GDP; represent the economic
development level of two regions, expressed as the gross
domestic production (GDP) per capita. Usually, the smaller
the income gap between regions, the greater the weight, and
the larger the gap, the smaller the weight. Here, we chose the
inverse of the absolute value of the difference in economic
distance to represent. The economic distance matrix reflects
the economic gap between two regions and is an important
factor that affects regional economic differences. Drawing on the
existing scholarly works (Shao et al., 2016), the formula shown in
Model 4) is set to express the economic distance between
provinces (autonomous regions and municipalities directly
under the central government) in terms of the economic
distance matrix.

1

“ = [GDP, - GDP)| @

where GDP; = %ZLGDP” denotes the average GDP value in
region i at time T.

2.2 Variable selection and data sources
The sample interval was 2006-2016, and the paper covered

30 provinces (including municipalities directly under the Central
Government and autonomous regions) (excluding data from

frontiersin.org
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TABLE 1 Variable settings.

10.3389/fenvs.2022.1072180

Variables Definition Description Data sources
Explained Green technology innovation (GTI) Number of green The website of
variables invention patent applications the State Intellectual
(GIPA) Property Office (According
to the International
Patent Classification launched
by the WIPO
in 2010)
Explanatory Environmental Expenditure Total investment in industrial pollution control/Total China Industrial Statistics Yearbook,
variables regulations (ERs) indicators industrial output (ERSM) China Environment Yearbook
Regulatory Total emission fee revenue/Emission fee paying units number ~ China Environment Yearbook
indicators of units (ERRI)
Green credit (GC) Interest expense ratio of non-six high-energy-consuming China Industrial Statistics Yearbook
industries
Control variables  Urbanization level (URB) Urban population/Resident population China Statistical Yearbook
Human resource inputs (HRI) The proportion of personnel engaged in scientific and China Science and Technology Statistical
technological activities in enterprises above the scale Yearbook
Fiscal decentralization (FE) Local government budgetary expenditure as a percentage China Statistical Yearbook
of GDP

Hong Kong, Macao, Taiwan, and Tibet Autonomous Region).
Definition of Main Variables and their data sources were related
to the statistical yearbooks of previous years (Table 1).

(I)GTIL. Since the number of green invention patent
applications (GIPA) can be time-sensitive to directly
examine green technology innovation activities of
enterprises, GIPA was adopted as the main characterization
indicator of GTI (Bai et al., 2019). Specifically, according to
the “Green List of International Patent Classifications”
launched in 2010, we used patent classification numbers to
search for GIPAs and calculate the total number of green
patent applications per year by region.

(2)GC. Considering that interest expense can reflect the
size of credit, the interest expense ratio of non-six energy-
consuming industries was chosen to indirectly measure the
degree of GC development according to the research
method of Guo et al. (2019) and Jiang et al. (2020),
where the amount of green credit is the interest
expenses of industrial industries in each province total
interest expenditure minus the six major energy-
consuming industries interest expenditure.

(3)ERs. Most previous studies measured the intensity of ERs
from two perspectives: environmental inputs (pollution
control investment, government environmental fiscal
expenditure, and abatement costs) and environmental
performance (sewage charges, sewage taxes, and disposal
rates of pollutants). Considering that economic ERs are
more likely to internalize external environmental costs, our
study focused on economic ERs and measured the intensity of
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ERs using a composite index of expenditure and regulatory

indicators (Michael, 2012; Chen et al., 2022).

@Expenditure indicators focus on governance inputs, using
the ratio of industrial investment in pollution control to
industrial value added to measure.

@Regulatory indicators are based on the regulatory strength
of governmental departments in implementing ERs system
policies. Based on the previous research method (Yang
etal,, 2008; Guo et al,, 2017; Huang et al., 2020), the amount
of unit emission fee revenue was used as a regulatory-type
index.

Drawing from the research of Peng and Yuan (2018), this
study employed the min-max standardization method to calculate
the composite index of ERs and set Model 5) for calculation.

ERSM;; — min (ERSM;)
max (ERSM;) — min (ERSM;)
, _ ERRI, - min(ERRI)
max (ERRI;) — min (ERRI;)
1,2,..,11;j=1,2,...3 (5)

ERS,‘]' =

where ERs;; is the composite index of ERs in the jth province in
year i; ERSM;; and ERRIj; are the proportion of ERs investment
amount and the average income of ERs in the jth province in year
i, respectively. max(ERSM;) and min(ERSM;) denote the
maximum and minimum values of the proportion of ERs
investment amount in each province of the country in year i,
respectively; max(ERRI;) and min(ERRI;) denote the maximum
and minimum values of the average ERs income of each province
in the country in year i, respectively.
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TABLE 2 Baseline regression results.

10.3389/fenvs.2022.1072180

Variables (1) (2) 3)
Explanatory Spatial lag Explanatory Spatial lag Explanatory Spatial lag
variables term variables term variables term
ERs —52.6977%* 517.1359%* —49.8707%%* 776.212%°* ~193.1733* 7422429
(18.1920) (177.0373) (18.2888) (218.1744) (79.49742) (141.7734)
GC 0.4108 —9.4125%* 2.985739%* ~0.6212095
(0.7356) (4.2752) (1.223334) (1.881881)
ERs*GC ~5.780011+ —20.44289*%*
(1.940179) (3.667265)
URB ~3.7699*** ~21.1647** ~3.6609*** ~20.7201*%* 2.918633%* 8.830221%%*
(0.8756) (3.3705) (0.8931) (3.3723) (0.9607014) (2.161529)
FE ~1.2693 93.2869%* -0.9218 108.4958** ~1.032939 ~12.95635**
(0.8126) (10.0703) (1.0184) (12.0243) (1.252515) (2.453519)
HRI 349.1797%* 595.2315 340.8392%* 707.2458* 135.8331%* ~303.9127*
(46.358) (385.2307) (46.1967) (388.6115) (56.50001) (109.2929)
P —0.5631*%* —0.5337%%% —0.5894
(0.0773) (0.0815) (0.0666)
sigma2_e 12895.7%%% 12700.25%** 17866.64***
(1011.242) (992.5672) (1472.002)
N 330 330 330
R 0.7646 0.7653 0.7313
Time fixed effects Yes Yes Yes
Regional fixed No No No

effects

Note: Standard errors are in parentheses; *, **, and *** indicate significance at 10%, 5%, and 1% significance levels, respectively.

3 Results
3.1 Nonlinear effects of ERs and GTI

Here, the SDM is selected as the optimal choice by combining
the Lagrange Multiplier (LM) and Wald tests, and the results of
the Hausman test are used to select the fixed effects estimation
results and set the time fixed model. As shown in Table 2, Models
(1)-3) are the results of the maximum likelihood estimation of
the SDM with the inclusion of the cross terms of GC, ERs, and
GC in turn.

As can be seen from Table 2, ERs hinder GTI in China’s
manufacturing industry. The analysis of the coefficient
estimates for the explanatory variables shows that the
regression coefficient of ERs is significantly negative under
the three models, indicating that there is a significant negative
relationship between the intensity of ERs and GTI in
manufacturing in the region. This implies that all provinces
in the country are in the primary stage of cost saving, with
weak innovation support, such as technological improvement
Innovation

the high

and optimization of management models.

compensation can hardly for

compensate
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production costs caused by ERs, and supporting funds and
policies also lead to the effect of industrial GTI transformation
being difficult to show. Thus, it is difficult to offset the
negative impact of ERs on the crowding-out effect of
innovation input.

Second, Table 2 shows that GC policy could play the “Porter
effect” and positively promote GTI in China’s manufacturing
industry. From the estimated coefficients of the variables in
Model (2), the incentive effect of GC for technological
innovation can be effectively brought into play in the policy
context of green finance booming. The reason may be that, by the
type of enterprise, high energy-consuming enterprises such as
“two high and one leftover” face financing constraints, which
need to be eliminated, or they are prompted to improve the
efficiency of GTT and adjust their industrial structure to reduce
undesirable output (Hsu et al., 2014). Simultaneously, enterprises
in the clean industry or promoting green projects are the first to
develop environmentally friendly technologies and products with
the financial support of GC and achieve value-added business
benefits with the “first-mover advantage” achieved in market
competition, thereby generating an “innovation compensation
effect.”
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TABLE 3 Results of spatial effect decomposition.

Variables Local effects
ERs 360.7769**
(104.9865)
GC 3.92150
(1.0305)
ERs*GC ~10.3576***
(2.5218)
URB 51159+
(1.1665)
FE ~3.7377%%¢
(1.3863)
HRI 86.0695*
(15.2457)

10.3389/fenvs.2022.1072180

Neighborhood effects Total effect

1881.845%** 2242.622%**

(470.0905) (549.2083)
—0.9533* 2.9681%%*
(0.4980) (0.9923)
—52.0130*** —62.3707%*
(11.8762) (13.7590)
23.8607*%* 28.9766***
(6.7586) (7.5480)
—30.3266*** —34.0643%*
(7.1541) (7.8939)
—513.1767* 322.5305%%*
(277.3744) (45.3532)

Note: “*, **, and ***” indicate significance at the 10%, 5%, and 1% significance levels, respectively.

3.2 Interaction of GC, ERs, and GTI

We have verified the role of ERs and GC for GTI in
manufacturing based on independent perspectives. Next, this
paper explores the role of the combination of GC and ERs on GTI
from the perspective of coordination and cooperation. Table 2
shows the regression results of ERs and GC. Among them, model
3) contains the regression results of the interaction term with the
inclusion of GC and ERs. The main effect and spatial lag
coefficients of the interaction term, ERs*GC, are negative,
indicating that the combination of GC development and ERs
inhibits GTT behavior in manufacturing. These results suggest the
negative GC effect as a new type of environmental governance
instrument in combination with traditional ERs instruments in
terms of driving effects on technological innovation. The reason
may be that, after a certain level of ERs intensity, the combination
of GC and ERs exerts a greater negative effect on GTI. High-
intensity ERs contributed to a rapid increase in production costs
for companies in a short time, leading to great social and
economic pressure on these companies and hindering the
development of GTI. Although GC provides financial support
to green enterprises and projects, the interaction term between
GC and ERs is negative because GTI is characterized by high risks
and long-term lags, and the economic benefits to enterprises are
highly uncertain. Therefore, GC does not significantly moderate
this negative effect.

3.3 Spatial effect decomposition of ERs
and GC on GTI

The previous section outlines the verification of the
applicability of the empirical analysis using time-fixed effects
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SDM, but we consider possible errors in the spillover effects using
point estimation tests, and this section highlights our use of
partial differential methods to estimate the direct, indirect, and
total effects of ERs and GC on technological innovation (Table 3).
First, from the spatial decomposition term, the effect of ERs on
local and neighboring GTI is significantly positive, and the
technology innovation due to the strengthening of ERs may
have had the same promotion effect on other regions (Qu, 2018).

As can be seen from Table 3, there is a positive spillover effect
of ERs on GTI in manufacturing in surrounding areas. First,
according to the “pollution refuge hypothesis”, if the intensity of
ERs in the region increases, polluters will choose to move out of
the region because of the rising cost. However, for other regions,
the relaxed regulatory policies afford the region a comparative
cost advantage, and polluting industries move in. Under the
effect of the transfer of polluting industries, the industrial
structure of the transferred areas gradually tends toward a
lower level. Under the “race to the bottom” effect of local
governments, there are ERs policy games and GDP
competition in each region. When a certain location
implements a more stringent environmental access policy,
other regional governments adopt the “race to the bottom”
strategy of ERs to achieve GDP growth and attract the inflow
of resources by not raising or lowering environmental standards,
thereby inhibiting industrial restructuring (Wheeler, 2001). In
addition, certain studies have pointed out that in the context of
high-quality economic development, the central environmental
protection inspectors require the upgrading of ERs policies in
each region, and the current competition model between
governments is more of a “race to the top” model, where
there is a demonstration learning effect when a certain
location upgrades their ERs intensity (Holzinger and
Sommerer, 2011). However, recently, the central government
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TABLE 4 Regression results for coastal areas.

10.3389/fenvs.2022.1072180

Variables 1) 2) 3)
Explanatory Spatial Explanatory Spatial Explanatory Spatial
variables lag variables lag variables lag
term term term
ERs ~242.0669** -68.4763 -279.2151% -210.6165 ~1608.857*** -2179.927*
(114.5396) (139.5423) (114.9229) (190.6699) (540.879) (841.2198)
GC 4.3889* 0.2689 -2.3887 ~11.5965**
(2.5289) (3.1312) (3.9406) (6.1234)
ERs*GC 24.3053* 42.3713*
(10.1908) (18.1917)
URB 7.5687%*% ~14.7501* 8.3830%* ~14.0579*% 4.9414% -5.9774
(2.6582) (3.2878) (2.6901 (4.1655) (2.7597) (6.0476)
FE ~7.6293 9.9746 -6.4774 9.2361 -0.9915 14.1393*
(4.7230) (7.7643) (4.7546) (7.7973 (4.8866) (7.7702)
HRI -9.9422 1571.359%* -96.3301 161091+ 44.1174 1546.101%**
(137.1479) (191.6342) (146.0242) (197.4466) (145.311) (211.1206)
rho -0.3244** -0.3051*** -0.3205*
(0.1101) (0.1158) (0.1162)
sigma2_e 3569324 34680.27+ 31585.64***
(4764.796) (4619.154) (5225.005)
N 121 121 121
R 0.6973 0.6926 0.7691
Time fixed effects Yes Yes Yes
Spatial fixed No No No
effects

has abandoned the past “GDP-only” performance appraisal
system and fully incorporated green development indicators,
which, to an extent, has promoted the GTI process.

Recently, driven by policies such as ecological civilization
construction —and  high-quality = urban  development,
intergovernmental competition in pursuit of mobility elements
has gradually weakened, and the concept of green development
has increasingly become an important part of the assessment.
Technology-intensive industries have become the driving force of
regional development and exert a pivotal impact on economic
development, government financial growth, the attraction of
investment, raising the share of green innovation inputs, and
evolving the industrial structure toward cleanliness to an extent.
Our model results may provide theoretical implications for
designing effective environmental regulatory policies and
avoiding inefficiency losses from government intervention.

Second, Table 3 shows that GC exerted significant positive
direct effects and negative spillover effects on manufacturing
technology innovation. GC development improves the mismatch
between the cost and benefit of GTI through the transmission

» <«

mechanisms of the “financial support effect,” “capital allocation
effect,” and “risk diversification effect” and promotes the

transformation of the local manufacturing industry into green
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and clean innovation by achieving technological progress. A
significant negative spillover relationship exists between GC
and GTI in neighboring regions, mainly because the scarcity
property of GC, as a financial resource, leads to an increase in
credit funds in the region accompanied by a decrease in credit
funds in other regions, which reinforces the status quo of
interregional competition for resource elements.

3.4 Spatial heterogeneity analysis of GC,
ERs, and GTI

China is a vast country, and there are significant differences in
resource endowments, economic development levels, and historical
and cultural factors between coastal and inland regions. To further
investigate regional ERs, GC, and their heterogeneous effects on
technological innovation, we divide the sample into the two
aforementioned regions and conduct an empirical analysis based
on the geographical adjacency matrix (Tables 4, and 5).

The study shows that the local and spatial spillover effects of
ERs on GTT in coastal areas are significantly negative, which in
turn undermines the GTI process in neighboring areas. If there is
no reasonable environmental compensation mechanism among
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TABLE 5 Regression results for inland areas.

10.3389/fenvs.2022.1072180

Variables 1) 2) 3)
Explanatory Spatial Explanatory Spatial Explanatory Spatial
variables lag variables lag variables lag
term term term
ERs ~16.6524** 1.2836 -5.3412 22.1422%% -8.1045 -15.9790
(3.8199) (8.4041) (4.3867) (9.4931) (14.2953) (31.7198)
GC 0.9492%** 1.3644%%* 1.0068*** 1.0165*
(0.2025) (0.5099) (0.2387) (0.5742)
ERs*GC 0.0695 1.0406
(0.3713) (0.8335)
URB ~2.2397% -2.5611** ~2.2343% ~2.2807* ~2.2550* ~2.5038"*
(0.3749) (1.2228) (0.3546 (1.2046) (0.3538) (1.2135)
FE -0.3863** -0.9990*+ 0.1217 -0.4840 0.1448 -0.3505
(0.1806) (0.2766) (0.2102) (0.3970) (0.2235) (0.4125)
HRI 213.1057*** 122.4469** 211.819%+ 163.2779*** 208.8026*** 164.8343**
(23.9985) (49.7956) (22.8401) (47.9725) (23.0490) (48.0144)
rho -0.3728*** -0.4740** -0.4632***
(0.1002) (0.1013) (0.1016)
sigma2_e 371.9718* 33.25684 328.1741%%
(36.9780) (33.1742) (32.9261)
N 209 209 209
R 0.7377 0.7996 0.7998
Time fixed effects Yes Yes Yes
Spatial fixed No No No
effects

local governments, it is difficult to bridge the benefit gap caused
by the governance costs and opportunity costs paid by each
region for green transformation, which in turn restricts the equity
of regional manufacturing innovation development. The impact
of ERs in inland areas on GTI is significantly negative, and the
impact on GTI in surrounding areas is insignificant, which is
mainly constrained by resource endowment, industrial structure,
and institutional culture, thereby hindering the stimulation of the
dynamics of regional GTI activities.

GC in coastal areas exerts a positive effect on green
technologies in the region and a negative effect on GTI in
neighboring regions. At the firm level, this can be explained
by the fact that the strict credit granting policy of GC, by setting
environmental access thresholds, induces heavily polluting firms
to focus on investment in production factors at the end of
pollution reduction, which in turn inhibits local GTT activities.
As GC resources become the focus of competition between
regions, the abundance of local GC resources further
exacerbates the innovation financing dilemma of neighboring
regions, thereby inhibiting the GTT level in neighboring regions
(Zhou et al., 2021). The local effect of GC on GTI in inland
regions is significantly positive, while the spatial spillover effect
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does not pass the significance test, indicating that the
competition for GC resources in inland regions does not
intensify. The reason for this phenomenon is that coastal
regions have advantages in terms of economic conditions,
market system formations, and technological innovation
resource reserves. In particular, the pace of economic green
transformation has always been at the forefront for China,
with more complete ERs policy measures and mature
pollution control experience. Therefore, GC can be combined
with traditional ERs instruments to create a gaining effect of
regional technological innovation activities. However, the impact
of the cross-sectional term of ERs and GC on local technological
innovation in inland regions is insignificant, indicating that GC
policies and traditional ERs instruments in inland regions have
not yet produced incentive-matching effects.

3.5 Robustness tests
To better verify the mechanism of action between ERs, GC,

and GTI, we use the following methods to test the robustness of
the empirical results and the results are reported in Table 6.
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TABLE 6 Results of the robustness test.

10.3389/fenvs.2022.1072180

Variables Change variables Matrix replacement

Explanatory variables Spatial lag term Explanatory variables Spatial lag term
P: ry P g P: ry P g

ERs —0.0002247* 0.0021512%** 215.6618** (63.9564) 1049.1520* (801.2933)
(0.0000586) (0.0006652)

GC —0.0000447%* —0.000613*** 3.4224°* (1.0000) —8.2127* (4.3694)
(0.0000118) (0.0000195)

ERs*GC 9.26e-06* ~0.0000719*%* ~6.6493* (1.5378) ~6.5004 (16.0011)
(1.95e-06) (0.0000191)

URB 0.0001161** 0.0001309*** —3.4978%* (0.8891) —20.1427*** (3.3156)
(0.0000114) (0.0000261)

FE —0.0000403** ~0.0001596*** ~1.6417* 1.0126) 105.0759*** (12.7486)
(0.0000149) (0.000026)

HRI —0.0031841%* —0.0026401* 306.9133*** (36.0654) 617.9172* (384.3012)
(0.0006714) (0.0013354)

rho 0.1502739** —0.4982* (0.1116)
(0.0024763)

sigma2_e 2.58e-06*** 12151.94°% (962.5566)
(2.00e-07)

N 330 330

R? 0.5306 0.7930

Time fixed effects Yes Yes

Spatial fixed effects No No

(1) Considering the inteslrraction of ERs strategies and the spillover
effects of GTT levels occurring in neighboring regions, as well as
multiple factors, geographical and cognitive proximity also exert
an impact. Therefore, here, the economic spatial weight matrix
is used instead of the 0-1 geographical neighborhood weight
matrix, and the results of the study do not show a significant
change in the sign and significance of the regression coefficients
of the core variables, confirming that our findings are extremely
robust.

(2) The combined index of GIPAs and green utility patent
applications is chosen as the measure of GTI, based on
which GTI was calculated. Through the model analysis, we
observe that the regression results are very robust for the green
innovation variables and the replacement of the weight matrix,
which further validates the scientific nature of our findings.

4 Conclusion and policy implications
4.1 Conclusion and discussion
By incorporating both environmental regulation and green

credit policies into the analytical framework of GTI, this paper
empirically tests the joint effect of GC and ERs on GTI. Based on
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inter-regional interaction strategies and differences, this paper
also explores the local effects and spatial spillover effects of
environmental regulation and green credit at the regional
level, and empirically examines the uneven locational
characteristics of the technological innovation effects of ERs
and GC. The main findings of this paper include the
following: 1) the local impact and spatial spillover effect of
ERs on GTI in manufacturing industries at the national level
is mainly reflected in the inhibitory effect. The negative effect of
“following cost” is greater than the “compensation effect” of
technological innovation; that is, environmental regulation
policies that raise firms’ production costs and lack economic
incentives are ineffective in promoting innovation. GC policies
can stimulate the transformational development of GTT in local
manufacturing industries, but the scarcity of resources weakens
the innovation level of green technology in manufacturing
industries in neighboring provinces through spatial spillover
effects. 2) The combination of GC development and ERs can
produce synergistic and complementary incentive-coordinated
technology innovation driving effects. The complementary
effects of GC fund supply and product, process, and emission
reduction are significant, making the economic performance of
ERs for technology innovation prominent. Considering the
ecological environment has quasi-public goods characteristics,
GTI is a complex systemic project, and green finance, as a new
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market-based instrument for ecological and environmental
governance, can play a complementary role with traditional
environmental regulatory systems in a more effective,
equitable and sustainable manner. However, it is difficult to
promote green innovation transformation by purely relying on
the regulation means of GC. The traditional ERs means are
fundamental in stimulating technology innovation despite the
hard constraint of commercial banks and emission enterprises
(Feng and Liang, 2022). 3) The eastern coastal regions with
strong innovation vitality and endogenous dynamics. For inland
regions with little experience in environmental governance and a
weak innovation base, a “circular-coordination” mechanism for
GC resources should be constructed. By region, there are regional
differences in the technological innovation effects of ERs and GC.
The local effect of ERs on GTI in coastal areas is significantly
positive; that is, strong innovation vitality and endogenous
dynamics of coastal regions enable environmental regulation
measures and green financial development produces incentive-
matching effects. Although environmental regulation measures
for inland areas with little experience in environmental
governance and a weak innovation base are significantly
negative for local GTI and insignificant for neighboring GTI,
GC effectively stimulates the dynamic role of local GTI activities
and exerts a significant marginal effect on the financial dilemma
of local manufacturing investment in research and development
(R&D) green technology.

The following shortcomings exist for this study: 1) It is
appropriate to use prefecture-level city data to explore the
spatial effects of ERs, GC, and GTI in manufacturing based
on regional scales. Given the availability of GC-related data,
provincial panel data, and the large error in measuring GC
variables by indirect methods, there are limitations in the
generalizability of the 2) The
hypothesis” and the regulatory role of GC are closely related

study findings. “Porter
to the type of ERs, which include formal ERs instruments
(command and control and market incentives) and informal
ERs instruments (information disclosure, public participation,
and voluntary regulation) (Zhou et al., 2022). However, the
influence factors considered in this study are relatively single,
and different types of ERs tools can be included in the same
model in future studies to examine their differential impacts on
GTI in manufacturing. 3) Considering that the spatial spillover
effect follows the law of distance decay, there is a certain bias in
the empirical test based on the entire domain only, and the local
spatial matrix of different distance ranges should be set in the
future to explore the GTT effect.

4.2 Policy implications
Based on the empirical findings of our study, the following

policy implications about the integration of ERs and green
finance policies are proposed accordingly.
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First, based on the spatial dependence of interprovincial
manufacturing GTI, local governments should establish a
good competitive relationship with each other, strengthen
strategic interoperability and positive interaction with
neighboring regions, and stimulate local green development
with  the

transformation strategies by regional industries holistically.

implementation of green innovation and

Second, the central government should abandon the
traditional approach in the design of policies, systems, and
processes for environmental and social risk management, and
coordinate a regionally differentiated GC system instead. GC
policies should be made on a “person-by-person” basis; that is
the eastern coastal should leverage the role of commercial banks
and other financial sectors in promoting the supply of GC funds to
meet the financial needs of high-level technological innovation. It
is necessary to improve the green policy system, such as the
information  disclosure  of

environmental enterprises,

information  sharing between environmental protection
departments and banks, and strengthen the prescreening and
post-supervision mechanism to weaken the influence of
information asymmetry. For inland regions, local governments
can create an innovative atmosphere through financial support,
construction of innovative subjects, and strengthening intellectual
property protection, so as to construct a cooperative mechanism
and innovation-supportive for interregional credit policies (Liu
and Nie, 2022) in the place of the interregional competition for
resources with a cooperative mechanism for interregional credit
resources to support GTI (Liu and Nie, 2022).

Third, as GTT is a complex systemic project, it is difficult to
promote green innovation transformation by purely relying on the
regulation means of GC. The traditional ERs means are fundamental
in stimulating technology innovation despite the hard constraint of
commercial banks and emission enterprises (Feng and Liang, 2022).
The ERs system can be planned in a unified manner by establishing a
coordinating management institution for GTI, GC, and ERs to
coordinate green development data, such as scientific and
technological innovation, capital loans, and pollution emissions,
and make joint efforts from the market investment and financing
and government supervision levels (Chen et al.,, 2022).

Fourth, considering that GTT activities are characterized by
high risks, economies of scale, and innovation spillovers (Wicki
and Hansen, 2019), the institutional environment for technology
innovation is the key to the “Porter effect.” Local governments
can create an innovative atmosphere through financial support,
construction of innovative subjects, strengthening intellectual
property protection, and other basic systems, which in turn
attract the gathering of high-end production factors, such as
capital, talents, and knowledge. Concomitantly, the GC policy
can also be dovetailed with the science and technology policy,
incorporate the green R&D investment and performance of
enterprises into the environmental policy assessment, and
make joint efforts from the market investment and financing
and government supervision levels (Chen et al., 2022).
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