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Yue Zhua, Juntao Zhangb and Caiquan Duanc

aInstitute of Economic and Social Development, Dongbei University of Finance & Economics, Dalian,
Liaoning, China; bSchool of Public Administration, Dongbei University of Finance & Economics,
Dalian, Liaoning, China; cCollege of Engineering, Northeast Agricultural University, Harbin, P.R. China

ABSTRACT
The development of green finance and social low-carbon transform-
ation is an essential concern for academia and industry. Based on
Chinese provincial panel data spanning the period 2005–2019, we
introduce the Cobb-Douglas production function and spatial Durbin
and dynamic panel threshold models to deeply analyse the impact
of green finance on the low-carbon economy. The mechanism test
demonstrates that the scale, technique, and structural effects of
green finance play a significant role in the low-carbon economy:
they correct capital mismatch, promote green technology innov-
ation, and optimise industrial structure. Meanwhile, green finance
not only promotes the local low-carbon economy construction pro-
cess, but also generates spatial spillover effects on neighbouring
regions; however, there is regional heterogeneity in the impact of
the transmission mechanism. Furthermore, only when capital mis-
match is severe, and the low-end industrial structure poor is the
positive impact of green finance on the low-carbon economy high-
lighted based on scale and structural effects; the ability of green
finance to contribute to the low-carbon economy through the tech-
nique effect has been more stable and significant. This emphasises
that green technology innovation is key to supporting low-carbon
development in the long run.
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1. Introduction

In 2021, China was ranked the second largest economy in the world, with its total
economic output approaching US $17.73 trillion (Han et al., 2018). However, along
with economic prosperity, a series of ecological damage problems have emerged, lead-
ing not only to a natural ecological imbalance, but also to serious threats to public
health (Liu et al., 2020; Wang & Wang, 2019). Global warming is among the most
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serious ecological problems (Hu et al., 2020; Su & Yu, 2020). According to the
International Energy Agency (IEA), global CO2 emissions from energy combustion
and industrial processes will increase by 6%, year-on-year, to 36.3 billion tons in
2021. China emits more than 11.9 billion tons of CO2, accounting for 33% of the
annual global total. The ‘Chinese Climate Bulletin’ shows that extreme weather cli-
mate events were frequent in 2021, while the average temperature was the highest on
record in 70 years. The growing greenhouse effect and ecological damage have made
the Chinese government realise that an economic rebound from the COVID-19 crisis
is not sustainable. To avoid a global environmental disaster, the Chinese government
has not only made a solemn commitment to the international community to reach a
carbon peak and carbon neutralisation (Xi, 2017), but has also demonstrated its
determination to achieve the sustainable development goals by promoting the con-
struction of a low-carbon economy (Li et al., 2018). However, there remain some
severe challenges in the process of the transformation and upgrading of China’s low-
carbon economy. Some scholars believe that, influenced by the era of a planned
economy, limited resources preferentially flow or are allocated to the heavy industry
sector, making it profitable in the short term (Abbasi et al., 2021b, 2021c; Sun et al.,
2020). The resulting capital mismatch not only hinders the equalisation of marginal
output values across sectors and structural progress of the economy, but also creates
an inefficient and costly production model that induces excessive CO2 emissions
(Bian et al., 2019; Hirakata & Sunakawa, 2019). In addition, due to a reliance on
its advantage of energy resource endowment, China is overly dependent on the high-
carbon development path, resulting in insufficient motivation for clean energy R&D
and green process design (Cheng et al., 2018; Lv et al., 2021). Therefore, the weak
foundation of green innovation and technical shortcomings are the second challenge
faced. The low-end locking of industrial structure is another bottleneck that must be
broken. China’s economic development model is dominated by heavy industry, with
most industries concentrated in the middle and low end of the industrial value chain
with low added value; this directly leads to low energy efficiency and high pollution
output (Abbasi et al., 2020, 2021f; Seth et al., 2018).

In summary, to comprehensively address the greenhouse gas emissions associated
with economic development, the Chinese government has adopted a variety of finan-
cial incentives that consider the potential environmental rewards and risks. Green
finance, which emerged as an innovative economic model against this background
(Liu et al., 2019), emphasises the efficient allocation of resources and environmental
risk transfer through interest transmission mechanisms; these mechanisms include
financial investment and financing activities on the premise of respect for the concept
of sustainable development (Lee et al., 2021). Economically, the green finance capital
guarantee can avoid the investment risk associated with the green industry and opti-
mise the quality and efficiency of the supply system, thereby accelerating the process
of a low-carbon circular economy (Lee et al., 2022). From the perspective of the
environment, the ‘green concept’ can guide a low-carbon transformation of industrial
structures and the progress of green technology towards a sustainable development of
the environment (Abbasi et al., 2021d, 2021e; Wang et al., 2022). In 2021, the ‘Green
Finance Evaluation Scheme for Banking Financial Institutions’ was formulated by the
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PBoC, and became the programmatic document for China’s green financial system.
The ‘14th Five-Year’ plan further points out that under the guidance of a dual-carbon
strategy, the ability of green financial services to promote low-carbon circular devel-
opment should be promoted; this indicates that green finance is not only gradually
attracting the attention of both the government and enterprises, but is also regarded
as a significant incentive and leverage tool to promote the development of a low-car-
bon economy. Especially in the post-epidemic era, exploring the relationship between
financial system innovation and low-carbon development is not only consistent with
the significance of a future community of humanity, but also reflects the important
role of China in global sustainable development (Iqbal et al., 2021; Zhou et al., 2022).

2. Literature review and theoretical analysis

2.1. The development of green finance

The development of green finance has increasingly been explored in the literature,
which provides three main perspectives for discussion. The first view considers it as a
concept of marketisation of ecological compensation, a kind of financial innovation
mode, which gradually internalises the external costs or benefits of green technology
to achieve an optimal disposition of financial resources in environmental and eco-
nomic sectors (Han et al., 2017). The second refers to low-carbon finance, also called
ecological finance, which is a general name for various financial institutions’ busi-
nesses and activities that are aimed at reducing carbon emissions (Wang et al., 2011).
The third perspective considers green finance as a new standpoint from which sus-
tainable economic and social development can be achieved through green credit,
insurance, securities, and investment (Hu et al., 2021). For example, green credit and
insurance provide investment and financing as well as risk sharing services for green
technology innovation, respectively. Pollution control investments are used to com-
pensate for environmental costs to guarantee the smooth development of a low-car-
bon economy (Lee & Wang, 2021; Wen et al., 2021).

Against this background, quantitative studies on green finance have been con-
ducted. Thomas et al. (2007) incorporated the external costs due to environmental
pollution into economic benefits, providing an adequate basis for financial institutions
to assess project risks and loan issuance. Employing the idea of game theory, Sheu
and Chen (2012) verified that the government should incentivise manufacturers to
adopt green production through the implementation of green tax and subsidy poli-
cies. Su and Lian (2018) pointed out that a green credit policy based on the restraint
and punishment mechanism effectively reduced commercial banks’ cost efficiencies,
especially for the investment and financing businesses of China’s heavily polluting
enterprises. In summary, reverse indicators such as green credit and green invest-
ment, or highly polluting enterprises’ interest expenses and fines, are now widely
used to represent the development level of green finance (He et al., 2019b; Xie et al.,
2020); the use of these indicators make it challenging to reveal green finance in its
entirety, as the indicators can only describe the development of green finance from a
single perspective. Green finance seems to be more aligned with a comprehensive sys-
tem that comprises a coordinated operation of multiple systems such as markets,
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tools, and supervision. Referring to the design of green financial development estab-
lished by Lee and Lee (2022), they propose an index system via four levels (i.e., green
credit, securities, insurance, and investment) to concretise the collaborative relation-
ship between ecology and finance; this is undoubtedly conducive to the joint develop-
ment of financial reform and low-carbon economic development (Lee et al., 2020). In
addition, existing studies also address the direct contribution of green finance to the
economy and society. Lee and Lee (2022) argue that green finance can drive sustained
economic growth. Based on Chinese provincial panel data, Bai et al. (2022) confirm
that green finance is the main means through which carbon emissions can be
reduced, especially in the eastern region where the suppression effect is particu-
larly pronounced.

H1. Green finance is positively associated with the construction of a low-carbon economy.

2.2. Green finance and a low-carbon economy

As discussed by Grossman (1995), economic activities play a guiding role in environ-
mental development through scale, technique, and structural effects. These effects
provide theoretical support for exploring the function of green finance in optimising
capital allocation, enhancing green technological innovation, and promoting industrial
upgrading.

Based on Marshall’s externality theory, the scale effect refers to the fact that green
finance stimulates market competitiveness and alleviates the distortion of capital allo-
cation among regions and industries through a centralised allocation of green funds,
with a view to achieving a Pareto optimal state of capital in each sector. On the one
hand, green finance, through policy guidance, may facilitate the expansion of corpor-
ate financing in the operation of green low-carbon projects, supporting a dynamic
adjustment of the scales of enterprises and improvement of energy allocation effi-
ciency. On the other hand, green finance compensates for the gap between the private
and social costs of polluting enterprises by internalising environmental costs. This
process not only constrains inefficient enterprises living spaces in polluting industries,
but also guides the optimal allocation of resources between polluting and green
industries. Yuan et al. (2020) pointed out that the development of green financial
resources at scale optimised the efficiency of inter-period capital flows and inter-
regional transfers, which helped to reduce environmental pollution. Lee and Lee
(2022) contended that green finance alleviated distortions in capital allocation
between regions and industries by improving the quality of the capital supply system.

H2: Green finance plays a positive role in promoting a low-carbon economy by
correcting capital mismatch.

As a financial incentive-based environmental regulation instrument, the technique
effect of green finance relies on Romer’s theory of endogenous growth, which is
reflected in the support for clean energy and the progress activities of the green pro-
cess by prioritising the allocation of green R&D funds. On the one hand, green
finance spreads technology R&D investment risk by facilitating the financing of cor-
porate green progress. Green finance not only prioritises the concept of green
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development at the social level, but also promotes green technology innovation and
iteration, contributing to the low-carbon transition. On the other hand, green finan-
cial services accelerate the flow and interaction of information, which alleviates infor-
mation constraints and reduces the uncertainty of green technology innovation, thus
ensuring that technology research has stable R&D space and long-term environmental
benefits. He et al. (2019a) and Abbasi et al. (2021a) noted that green finance con-
trolled the output of carbon emissions by supporting technological advances in
renewable energy. Ren et al. (2022) and Abbasi and Adedoyin (2021) argued that
green finance prioritised support for polluting enterprises and environmental prefer-
ence enterprises in implementing green technology innovation activities through the
technique effect. Thus, green finance is likely to alleviate the dilemma faced by China
in the choice between energy demand and carbon emission reduction targets.

H3: Green finance positively impacts the building of a low-carbon economy by
supporting green technology innovation.

Based on transaction cost theory and Porter’s value chain theory, the structural
effect refers to the fact that green finance stimulates industrial structural upgrading
by guiding financial institutions to allocate low-cost capital to green and low-carbon
industries. On the one hand, green finance differentially supports industries according
to environmental policies, relying on structural effects to preferentially drive social
funds into high value-added tertiary industries rather than high-energy-consuming
and heavy-polluting enterprises. This provides a policy guarantee to curb the dis-
orderly expansion of low- and medium-end manufacturing industries and optimise
industrial structure. On the other hand, by breaking regional and industrial restric-
tions on existing sectors, green finance recombines production factors to maximise
utility, which facilitates the realisation of the dominant advantage of green low-car-
bon sectors. Based on quasi-natural experiments and micro data, Wen et al. (2021)
confirm that green credit policies effectively address energy-intensive enterprises’ dif-
ficulties in transforming and upgrading under credit constraints. Long et al. emphas-
ised that green finance accelerated the construction of a low-carbon circular economy
by promoting the application of green production resources and sustain-
able production.

H4: Green finance has a positive role in low-carbon economy development by
promoting industrial upgrading.

Although the causal relationships between green finance, CO2 emissions, and eco-
nomic growth have been assessed (Charfeddine & Kahia, 2019; Jin et al., 2021), exist-
ing studies have failed to integrate economic growth and carbon emissions into a
unified framework with a sustainable development perspective. In particular, a gap
remains in the analysis of the transmission mechanism of green finance to a low-car-
bon economy. In light of these gaps, we first expand the framework by including
green finance policies as an important factor in a low-carbon economy, and establish
a transmission mechanism hypothesis on how green finance contributes to a low-car-
bon economy through capital allocation optimisation, green technology innovation,
and industrial structural upgrading. Second, considering that low-carbon economic
development typically exhibits a strong spatial correlation in geography, a spatial
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economic model that incorporates the characteristics of geographical location, com-
bined with the moderating and spatial spillover effects, is adopted to explore the
transmission mechanism of green finance to the development of a low-carbon econ-
omy through capital allocation, green technology innovation, and industrial structure.
The model avoids biased and inconsistent results as a result of neglecting spatial lay-
out and spatial dependence. Third, to address the endogenous problems and nonlin-
ear relationships between the variables in the model, a dynamic panel threshold
model is considered, which provides a theoretical cornerstone for examining the
stage-specific characteristics of the effect of green finance on a low-carbon economy.

3. Research design

3.1. Model specification

3.1.1. Low-carbon economy function
A low-carbon economy is mainly moderated and affected by green finance through
the scale, technique, and structural effects. Specifically, green finance plays a support-
ing role in the construction of a low-carbon economy by correcting capital mismatch,
strengthening green technology innovation, and optimising industrial structure. The
economic output (GDP) per unit of carbon emissions, carbon productivity (CP), that
was first proposed by McKinsey consultancy in 2008 is considered an essential indica-
tor in quantifying the low-carbon development of an economy and society (Hu &
Liu, 2016; Liu & Zhang, 2021). Thus, CP is employed as the dependent variable to
measure low-carbon economic development (see Figure 1). The low-carbon economy
is expressed as follows:

CP ¼ fGFð scale effect , technique effect , structural effect Þ
¼ fGFðcapital allocation; green technology innovation; industry structureÞ

(1)

Here, GF denotes green finance, and is employed as the independent variable.
Following Liu et al. (2019), and Lee et al. (2022), we use the four indicators of green

Figure 1. China’s low-carbon economy level in 2005 and 2019. Source: Authors.

6 Y. ZHU ET AL.



credit, insurance, investment, and government support to construct a comprehensive
index for green finance, which is measured by the entropy weight method (see
Figure 2). The related indicators and attributes in the evaluation system are described
in Table 1. The average values for green finance and the low-carbon economy during
the period 2005–2019 are presented in Figure 3.

Figure 2. China’s green finance level in 2005 and 2019. Source: Authors.

Table 1. Comprehensive evaluation system of green finance.
Index Index description Index attribute

Green credit Interest expense of six high energy consuming
industries/total industrial interest expense

–

Green insurance Agricultural insurance income/gross agricultural output value þ
Green investment Investment in environmental pollution control/GDP þ
Government support Financial environmental protection expenditure/

financial general budget expenditure
–

Source: Authors.

Figure 3. The average value of green finance and low-carbon economy during 2005–2019.
Source: Authors.
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Here, the scale effect of green finance on the low-carbon economy is reflected in
the optimisation of capital allocation, which can be characterised by its ability to cor-
rect capital misallocation. Therefore, based on the theoretical framework of scholars
such as Hsieh and Klenow (2009), we assume a Cobb-Douglas production function
with a constant return to scale and take the logarithm of both sides, as in Eq. (2):

ln
Yit

Lit

� �
¼ lnAþ bKi ln

Kit

Lit

� �
þ eit (2)

Yit is the output variable, expressed by the real GDP when 2005 is the base period,
Lit is the labour force input, defined as a province’s average annual employment. Kit

is the capital factor input, expressed in terms of a province’s fixed capital stock and
calculated using Zhang and Zhang’s (2004) perpetual inventory method based on
2005 constant prices. An interaction term between the individual dummy and
explanatory variables, whose coefficient is the capital-output elasticity bKi (Bai & Liu,
2018). is introduced into the regression equation. The index data are then brought
into Eq. (3) to obtain the capital misallocation index.

cKi ¼
Ki
K

� �
=

SibKi
bK

� �
, (3)

where Si ¼ yi
Y represents the share of output, yi, of region i in total output, Y; bK ¼PN

i SibKi refers to the weighted capital contribution. Ki
K is considered to be the actual

proportion of the capital used by region i in the total capital, while SibKi
bK

is the theoret-

ical proportion of the capital used by region i when the capital is effectively allocated.
Subsequently, the capital misallocation index (cmi) is computed as follows:

sKi ¼ 1
cKi

�1 (4)

The World Intellectual Property Organization (WIPO) focuses on a sustainable
development strategy and call for a wave of green technology innovation to address
ecological issues. Therefore, the technique effect of green finance on the low-carbon
economy is reflected in the promotion of sustainable progress, measured by the num-
ber of green invention patent applications (gti). The structural effect indicates the
structural change of economic sectors related to carbon emissions. Compared with
the industrial sector, the service sector is a prominent low-emission industry that
plays a positive role in improving the overall growth rate of low-carbon economic
development (Huang et al., 2020). Therefore, the proportion of the service industry’s
added value in industrial added value (chg) is applied to denote the structural effect
of green finance.

3.1.2. Control variables
For human capital (HC) is represented by per capita education level. Openness
(OPEN) is measured in terms of foreign direct investment (Hao et al., 2020b).
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Infrastructure level (FUND) is measured by the ratio of fixed asset investment to
GDP, while economic development level (ECO) is expressed in terms of per capita
GDP. Environmental regulation (ER) is comprehensively measured using the entropy
method with emissions of soot, SO2, and wastewater (Yang et al., 2015).

3.1.3. Data sources
The sample for this study comprises 30 Chinese provinces during the period
2005–2019. Primary data are obtained from the China Statistical Yearbook, China
Statistical Yearbook on Science and Technology, and the official website of the
National Bureau of Statistics. Data on green invention patents are derived from the
national intellectual property database and matched with the green list of the WIPO’s
international patent classification. The definitions and descriptive statistics of the data
are shown in Table 2. In addition, the variance expansion factor and average value of
each explanatory variable in the model are much lower than 10, which indicates that
there is no multicollinearity problem (Table 3).

3.2. Spatial econometric methods

3.2.1. Spatial econometrics model
Goodchild (1992) pointed out that the spatial distribution of resources was not ran-
dom, but often exhibited a certain spatial correlation due to geographical location or
natural climate. Compared with the spatial lag and spatial error models (SEM), the
spatial Durbin model (SDM) considers the spatial spillover effect between variables
and the influence of the error term, which is more suitable for this study (Anselin &
Florax, 1995). The SDM is formulated as follows：

CPit ¼ uðgfit þ controlitÞ þ k
XN
j¼1

WijCPjt þ #
XN
j¼1

WijðXjt þ controljtÞ þ lit (5)

lit ¼ q
XN
j¼1

Wijljt þ eit , (6)

where i and t denote province and time. CP denotes a low-carbon economy and gf
denotes green finance. control represents human capital, openness, infrastructure
level, economic development level, and environmental regulation. eit and uit are the
random error terms assumed to be normally distributed.

3.2.2. Transmission mechanisms test
In this study, to detect the channel effects of the three transmission mechanisms of
scale, technique, and structure between green finance and low-carbon economy, we
first examine the impacts of green finance on the low-carbon economy (see Eq. (5))
based on the augmented Cobb-Douglas production function model. The capital mis-
match index (cmi), green technology innovation (gti), and industrial structure change
(chg) are then regarded as moderating variables and included in the regression model
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together with the interaction terms (gf�cmi, gf�gti, and gf�chg). Considering the possi-
bility of increasing covariance, the interaction terms were decentralised (See Models
7, 8, and 9 for details).

CPit ¼ uðgfit þ cmiit þ gf � cmiit þ controlitÞ þ k
XN
j¼1

WijCPjt

þ #
XN
j¼1

Wijðgfjt þ cmijt þ gf � cmijt þ controljtÞ þ lit

(7)

CPit ¼ uðgfit þ gtiit þ gf � gtiit þ controlitÞ þ k
XN
j¼1

WijCPjt

þ #
XN
j¼1

Wijðgfjt þ gtijt þ gf � gtijt þ controljtÞ þ lit

(8)

CPit ¼ uðgfit þ chgit þ gf � chgit þ controlitÞ þ k
XN
j¼1

WijCPjt

þ #
XN
j¼1

Wijðgfjt þ chgjt þ gf � chgjt þ controljtÞ þ lit

(9)

The parameter,k, is the spatial autoregressive coefficient, which indicates the influ-
ence of the low-carbon economies of nearby provinces on a province.

PN
j¼1WijCPjt

represents the spatial spillover effects of the dependent variable,
PN

j¼1 WijCPit , and u
is the regression coefficient of the independent variable. # is a vector of spatial auto-
correlation coefficients of independent and control variables. Moreover, cmi, gti, and
chg indicate capital misallocation, green technology innovation, and industrial struc-
tural upgrading, respectively. Wij refers to the spatial weight matrix established based
on the road distances between provincial capitals.

3.3. Dynamic generalized method of moments (GMM) threshold panel
regression model

The GMM approach can effectively deal with endogenous problems, including those
caused by missing variables and the bidirectional causality between green finance and
the low-carbon economy. Meanwhile, it should be noted that, given the different
degrees of capital mismatch, green technology innovation, and industrial structure,
the absolute impact of green finance on the low-carbon economy based on scale,
technique, and structural effects maybe not be the same in both the intense and even
periods. Based on Hao et al. (2020a), the dynamic threshold panel model settings are
shown in Eqs. (10), (11), and (12), respectively.

CPit ¼ b0 þ b1gf � cmiit � Iðcmiit � cÞ þ b2gf � cmiit � Iðcmiit>cÞ
þ b3CPit�1 þ b4controlit þ vi þ eit

(10)
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CPit ¼ b0 þ b1gf � gtiit � Iðgtiit � cÞ þ þb2gf � gtiit � Iðgtiit>cÞ
þ b3CPit�1 þ b4controlit þ vi þ eit

(11)

CPit ¼ b0 þ b1gf � chgit � Iðchgit � cÞ þ þb2gf � chgit � Iðchgit>cÞ
þb3CPit�1 þ b4controlit þ vi þ eit

(12)

CPit�1 is a lagging term of the low-carbon economy. Ið�Þ represents the index func-
tion, whilec is the specific threshold value. gf � cmi, gf � gti, and gf � chg denote
regime-dependent variables, which depend on the thresholds, cmi, gti, and chg:

4. Empirical research and analysis

4.1. Spatial econometric regression results

Considering the spatial lag between the dependent and independent variables in the
model, the interpretation of the parameters becomes more complex (LeSage & Pace,
2010). We report the direct and indirect effects of independent variables on the
dependent variable based on a partial differential decomposition of Eqs. (5) and
(7)–(9), to effectively avoid the errors of the SDM point estimation method (Elhorst,
2014). As shown at the bottom of Table 4, Moran’s index and spatial auto-correlation
parameter, k, are statistically significant at the 1% level in all types of model specifi-
cations. This not only emphasises the improvement of the low-carbon economies in
adjacent regions, which leads to the same rising trends of low-carbon economies in

Table 4. Regression results of spatial Durbin model for the whole sample.

Variables

(5) Basic model (7) Scale effect (8) Technique effect (9) Structural effect

Direct Indirect Direct Indirect Direct Indirect Direct Indirect

gf 6.874��� �0.997 5.550��� 3.177 �0.047 5.458 5.483��� 2.143
(18.132) (�0.421) (10.212) (0.988) (�0.04) (0.868) (7.751) (0.486)

cmi/gti/chg �0.310�� �0.211 0.139��� 0.113 0.073 �0.643�
(�2.402) (�0.331) (3.882) (0.692) (1.04) (�1.794)

gf�cmi 2.090��� �3.933
(3.583) (�1.122)

gf�gti 1.501��� �1.458
(6.124) (�1.076)

gf�chg 0.300� 0.049
(1.742) (0.046)

hc �0.001 0.376 0.003 0.478 0.112� 0.203 �0.033 0.560�
(�0.021) (1.284) (0.056) (1.588) (1.845) (0.694) (�0.537) (1.82)

open �0.343 16.264�� 0.292 18.000�� �0.655 17.054�� �0.352 14.284�
(�0.213) (2.161) (0.179) (2.3) (�0.411) (2.366) (�0.215) (1.812)

fund 0.114 0.137 0.195� �0.173 0.143 0.162 0.086 0.164
(1.007) (0.205) (1.72) (�0.259) (1.339) (0.265) (0.767) (0.242)

eco 0.454��� �2.217��� 0.619��� �2.844��� 0.614��� �2.456��� 0.650��� �2.811���
(4.502) (�4.121) (5.776) (�4.485) (5.615) (�4.173) (5.404) (�4.456)

er �0.125�� 0.608� �0.120� 0.351 �0.131�� 0.330 �0.117� 0.561�
(�2.06) (1.842) (�1.757) (0.991) (�2.224) (1.118) (�1.858) (1.692)

k 0.681��� 0.691��� 0.674��� 0.682���
(15.731) (16.42) (15.465) (15.851)

R2 0.943 0.946 0.949 0.945
Log L �39.000 �30.775 �16.352 �34.171
Moran’s I 0.617��� 0.618��� 0.560��� 0.582���
Note: �p< 0.1, ��p< 0.05, ���p< 0.01; the t value is in parentheses.
Source: Authors.
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the region, but also highlights the strong positive spatial spillover effects of the low-
carbon economy.

Model (5) in Table 4 shows that, based on the entire sample, green finance signifi-
cantly promotes the development of the low-carbon economy at the 1% significance
level, demonstrating that green finance is among the core drivers for accelerating the
upgrading of low-carbon economic processes. H1 is thus supported. Next, to further
explore the transmission mechanisms and impact of green finance on the low-carbon
economy, the interaction terms, gf�cmi, gf�gti, and gf�chg, are included in the model
to verify how green finance can correct capital mismatch, strengthen green technol-
ogy innovation, and optimise industrial structural change based on the scale, tech-
nique, and structural effects.

According to the results of Model (7) in Table 4, capital mismatch has a blocking
effect on the development of the low-carbon economy at the 5% significance level.
Considering that environmental pollution has the characteristics of a negative exter-
nality, low-end production enterprises have the opportunity to obtain a market pos-
ition at a lower cost, resulting in the distortion of resource allocation due to adverse
selection, which finally hinders the improvement of the low-carbon economy. The
coefficient of the interaction term, gf�cmi, is positive and statistically significant at
the 1% level. Thus, a 1% rise in the interaction term leads to a 2.090% increase in the
low-carbon economy’s growth, indicating that green finance achieves the goal of opti-
mal capital allocation and pollution reduction through scale development, constitut-
ing a regulatory effect on the construction of the low-carbon economy. Thus, H2
is supported.

Model (8) in Table 4 shows that the coefficient of the interaction term, gf�gti, is
positive and statistically significant at the 1% level. When the interaction term
increases by 1%, the CP will be raised by 1.501%, which is much higher than the dir-
ect effect of green technology innovation on the low-carbon economy. Regarding the
contribution of green technology innovation to clean energy development and pro-
duction technology progress, green finance emphasises persistent economic assistance
to green technology innovation to provide continuous financial support and risk pro-
tection for economic construction and carbon emission reduction targets. H3 is
thus supported.

Model (9) in Table 4 presents the results concerning the impacts of green finance,
industrial structural change, and the interaction term, gf�chg, on the low-carbon
economy. The coefficient of industrial structural change is 0.073, positive but not sig-
nificant, while the interaction term, gf�chg, is significant at the 10% level. In terms of
its role, for a 1% increase in the interaction term, gf�chg, the development of the
low-carbon economy will increase by 0.300%, which demonstrates that green finance
supports the construction of the low-carbon economy through the low-carbon devel-
opment of industrial structural upgrading. H4 is thus supported.

Furthermore, from the perspective of the regression coefficients, the scale effect of
green finance is greatest on the low-carbon economy, followed by the technique and
structural effects. A probable reason is the influence of the planned economic system,
which led to capital mismatch that constrained economic transformation. Green
finance, as a policy orientation, undoubtedly exerts pressure on high energy-
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consuming and inefficient enterprises and fundamentally eliminates reliance on high-
carbon development paths. Therefore, green finance considerably promotes the
process of optimising capital allocation and building a low-carbon circular economic
system through the scale effect. In addition, the significance of green technology
innovation in promoting the low-carbon economy is self-evident. However, due to
the speed of transformation and market application ability of green invention patents,
it is restricted to playing a greater role in supporting a low-carbon economy in the
short term. Regarding the new planning and pilot reform of industrial layout, green
finance will inevitably encounter risk loopholes and incur trial-and-error costs in pro-
moting industrial transformation and upgrading, resulting in large investments in the
early stage and slow effectivity. This will limit the release of sufficient green finance
to drive low-carbon construction, and will negatively impact its supporting role in
the low-carbon economy through industrial transformation and upgrading.

4.2. Regional heterogeneity and mechanism analysis results

In terms of annual average development levels of the low-carbon economy and green
finance, the observed values for provinces in the eastern region are significantly
higher than those in the central and western regions (Figure 3), indicating that hier-
archical characteristics are prominent. Therefore, the total sample is divided into
three groups, eastern, central, and western, to highlight the potential impact of terrain
diversity and to analyse the regional heterogeneous impact of green finance on the
low-carbon economy.

Table 5 shows that in the eastern region, green finance preferentially plays a cor-
rective role in capital mismatch through the scale effect. For the central region, green
finance plays a positive and moderate role in the low-carbon economy through the
scale and technology effects at the 1% and 5% significance levels, respectively.
Regarding the western region, the moderating effect of green finance on the low-car-
bon economy based on the technique and structural effects is positive at the 1% sig-
nificance level, while the moderate path based on the scale effect is negative. From a
spatial perspective, the spatial spillover effect of green finance in the central region is
significantly negative and larger than the direct effect, while the spillover effects in
the eastern and western regions are positive and negative, respectively, but nonsignifi-
cant. A possible reason is that there are differences in factor endowments and eco-
nomic development between regions: Economically prominent regions will take the
lead in popularising green financial services by relying on the advantages of financial
infrastructure, resulting in excessive competition for limited resources in local
regions. In addition, when neighbouring regions develop green finance and carbon
reduction models, a stronger demonstration effect is generated. Consequently, the
two forces are in a constant state of play between the two sides as resources move
between regions. The economic construction in the eastern region is outstanding,
with a strong demonstration effect, but is limited by the fact that green finance poli-
cies remain in the initial pilot stage, which constrains the positive spatial spillover
effect on the low-carbon economy in the short term. Not only are the levels of finan-
cial infrastructure in the central and western regions weak, but the harsh climate and
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lack of resources also mean that they remain at a stage of marginal growth, relying
on factor accumulation to achieve output. As seen from the above studies, the
impacts of the scale, technique, and structural effects of green finance on the low-car-
bon economy are not unified, still reflecting inconsistent action paths and effects
based on geographical location.

4.3. Dynamic threshold panel regression

The study additionally employs a dynamic panel threshold method that calibrates a
nonlinear hypothesis into its framework; this not only addresses the endogenous
problems and ensures the robustness of the results, but also provides an empirical
basis for reflecting the nonlinear characteristics between green finance and the low-
carbon economy.

Table 6 shows that the P values for the AR (1) and AR (2) tests in the regression
results of each model suggest that there is no obvious evidence of second-order or
higher-order sequence correlation in the residuals. Specifically, there is only first-
order but no second-order sequence correlation in the residuals of the difference
equation. Moreover, based on Sargan’s test, the original hypothesis is supported at
the 10% significance level, which confirms that all instrumental variables are influen-
tial, with no over-identification problem in the model.

As reported in Model 10 in Table 6, it can be deduced that the estimated threshold
value for capital mismatch (cmi) based on two-stage least squares techniques is 0.148;
the lower limit for the threshold value is 0.114, while the upper limit is 0.459, based
on a 95% confidence interval. The coefficients, b̂1 and b̂2, are �20.550 and 3.814,
respectively. These values imply that a higher degree of regional capital mismatch

Table 6. Dynamic threshold regression results.
Variables Model 10 Model 11 Model 12

L.cp 0.751��� 0.815��� 0.843���
(10.76) (17.57) (17.94)

ĉ 0.148 8.296 1.322
95% confidence interval [ 0.114–0.459] [ 4.771–8.878] [0.744–1.575]
Effect of gf�cmi/gti/chg
Estimated threshold value cmi gti chg
b̂1 �20.550��� 1.658��� 4.309���

(�3.06) (4.62) (2.87)
b̂2 3.814��� 1.196��� 0.145

(2.88) (3.51) (0.95)
_cons �3.628��� �6.516��� �3.683���

(�5.47) (�9.22) (�8.86)
control YES
AR(1) �2.952 �3.482 �3.164

[0.003] [0.001] [0.002]
AR(2) 1.162 0.111 0.279

[0.245] [0.911] [0.780]
Sargan test 22.889 24.951 23.457

[1.000] [1.000] [1.000]
Wald test 21,721.22 203,994.93 89,115.07

[0.000] [0.000] [0.000]
Obs. 420 420 420

Note: �p< 0.1, ��p< 0.05, ���p< 0.01; [ ] means P value, ( ) means Z value.
Source: Authors.
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may stimulate the role of green finance in promoting the low-carbon economy, rather
than inhibit it. The heavier the capital distortion, the greater the room for the opti-
misation of social capital allocation efficiency, leading to a greater tendency for green
finance to play a corrective function through the scale effect.

Model 6 shows the estimated green technology innovation (gti) threshold level and
the corresponding 95% confidence interval ([4.771–8.878]). The coefficients, b̂1 and
b̂2, are 1.658 and 1.196, respectively, (both are regime-dependent coefficients of green
finance) and are significant and similar. Green finance is conducive to actively pro-
moting the growth of the low-carbon economy when green technology innovation is
less than the threshold of 8.296 (b̂1¼1.658), while the support effect is slightly lower
for higher green technology innovation (b̂2¼1.196). This notwithstanding, the above
results confirm that the optimal path for green technology innovation-based technol-
ogy effects is less influenced by macroeconomic factors. Thus, the marginal impact of
green finance through the technique effect is significantly stable and sustainable,
strongly supporting the development of China’s low-carbon economic goals.

In Model 6, the lower limit of the threshold value is 0.744, while the upper limit is
1.575, based on a 95% confidence interval. When industrial structural change (chg) is
less than the threshold value of 1.322, the coefficient is 4.390, which is significant at
the 1% significance level. When the level of industrial structural change crosses the
threshold value of 1.322, the coefficient is 0.145, which is not only significantly
weaker than that in the first stage, but also fails to pass the significance level test.
This suggests that the threshold value is at 1.322, below which green finance impacts
the low-carbon economy, and beyond which the impact of green finance on the low-
carbon economy weakens. Regarding the poor state of the low-end development of
industrial structure, green finance plays a strong supporting role in the low-carbon
economy through industrial transformation and upgrading. However, with the
improvement of industrial upgrading construction, the marginal contribution of the
structural effect of green finance to the low-carbon economy reaches a maximum,
and the supporting role is gradually reduced.

5. Conclusions and policy implications

Based on a panel dataset that includes China’s 30 provinces and spans the period
2005–2019, we examine the influences and transmission mechanisms of green finance
on the low-carbon economy through a combination of the spatial Durbin model and
dynamic threshold panel. The main conclusions are as follows:

The scale, technique, and structural effects of green finance have a guiding and
moderating effect on the low-carbon economy; the scale effect is the largest of the
three, followed by the technique and structural effects. This indicates that green
finance preferentially affects economic output and carbon emission through three
paths: optimising capital allocation, strengthening green technology innovation, and
improving industrial structure. Meanwhile, green finance not only promotes the local
low-carbon economy construction process, but also generates spatial spillover effects
on neighbouring regions; however, the significance of the spillover effects is weaker
than that of the direct effects, indicating that the breadth and depth of green finance
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needs to be further popularised. There is regional heterogeneity in the interactive
relationship between green finance and the low-carbon economy. The dynamic panel
threshold model confirms that only when capital mismatch and low-end industrial
structure are located within a specific threshold interval can green finance support
the low-carbon economy through the path optimisation of the scale and structural
effects. Meanwhile, the ability of green technology innovation to contribute to the
low-carbon economy through the technique effect is not interval-bound and remains
positive and stable in the long run.

Three policy implications for developing a low-carbon economy follow from
this study:

First, the technique and structural effects of green finance are objectively slightly
lower than the scale effect. This not only requires institutional openness to realise a
market-oriented allocation of factors to consolidate the scale effect advantage of green
finance; it is also necessary to establish a systematic market-oriented transformation
mechanism of green technology by simplifying the green patent application procedure
and strengthening intellectual property protection. Meanwhile, green technology and
industrialisation feedback mechanisms must be established and relied on to guide
effective innovation, optimise the suitability of the industrial upgrading path, and
improve the support from the technique and structural effects of green finance on
the low-carbon economy by reducing transformation costs and cycles.

Second, the leading role of green finance in the low-carbon economy should be
based on local conditions. For the eastern region, a positive radiation effect will be
released by accelerating the pilot construction work of green finance. For the central
and western regions, it is necessary not only to continue to undertake industrial
transfer from the eastern regions, but also to accelerate the learning and application
of core technologies. Furthermore, green finance must be promoted to empower trad-
itional resource factors, realise factor-driven efficiency and technology-driven trans-
formation, and contribute to carbon peaking and neutrality.

Third, considering the obvious threshold interval selection effect of green finance
based on the scale, technique, and structural effects, each province should follow
the multi-level market evolution law of green finance. Meanwhile, according to the
policy enactment and macroeconomic environmental changes, the local financial
elements must be timely matched with the spillover model to support the develop-
ment of the low-carbon economy. In particular, it is necessary to strengthen the
coordination and complementarity between the application of green technology
innovation and the carbon emission reduction market-based system to release the
long-term potential of green technology innovation in the low-carbon economy
construction process.

However, some questions remain unanswered in the empirical test, offering direc-
tions for future research. For instance, due to data limitations and the stage of green
financial development, the selected measurement indicators are not comprehensive
and specific, thus leading to deviations in the findings. Moreover, we can also refine
the empirical data to the industry or enterprise level, such that the more intuitive
impact of the green financial system on industrial development or enterprise oper-
ation can be investigated from a micro point of view.
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