Pre prints.org

Article Not peer-reviewed version

Green Finance and Regional
Technological Innovation in China: The
Mediating Role of R&D Investment

Ading Li *, Adul Supanut ", Jianxu Liu

Posted Date: 19 February 2025

doi: 10.20944/preprints202502.1155v1

Keywords: green finance; regional technological innovation; fixed effects; mediating effects; R&D
investment

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/3879157
https://sciprofiles.com/profile/3899335
https://sciprofiles.com/profile/979942

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 February 2025 d0i:10.20944/preprints202502.1155.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Green Finance and Regional Technological
Innovation in China: The Mediating Role of
R&D Investment

Ading Li ' and Adul Supanut *and Jianxu Liu 2

! Faculty of Economics, Srinakharinwirot University, Bangkok 10110, Thailand
2 School of Economics, Shandong University of Finance and Economics, Jinan, Shandong Province, China
* Correspondence: adulsu@g.swu.ac.th; Tel.: +668-6063-1636

Abstract: Against the backdrop of global efforts to achieve sustainability and low-carbon
development, this study examines the impact of green finance on regional technological innovation
in China, with a particular focus on the mediating role of R&D investment. Using panel data from 30
Chinese provinces spanning 2008 to 2021, we employ fixed-effects and mediation models to analyze
the relationships. The findings reveal a significant positive correlation between green finance and
regional technological innovation, with R&D investment serving as a partial mediator in this
relationship. Additionally, regional innovation and entrepreneurship capabilities strengthen the
influence of green finance on R&D investment. However, in regions with higher innovation and
entrepreneurship capacities, the marginal effect of R&D investment diminishes. Based on these
results, the study proposes targeted policy recommendations, including enhancing green finance
policies, improving financial institution services, promoting enterprise-led R&D activities, and
fostering regional collaboration to achieve balanced innovation development. These insights provide
both theoretical and practical implications for leveraging green finance to advance sustainable
innovation.

Keywords: green finance; regional technological innovation; fixed effects; mediating effects;
R&D investment

1. Introduction

Technological innovation serves as a critical driver for high-quality economic development,
significantly enhancing regional competitiveness and promoting sustainable progress [1]. In recent
years, Chinese regions have intensified their focus on technological innovation, strategically
allocating resources to research and development (R&D) and systematically improving innovation
frameworks. These efforts have yielded substantial improvements in R&D investment and
innovation systems, thereby strengthening regional innovative capabilities. Data from the National
Bureau of Statistics reveal remarkable growth in China's technological innovation landscape. The
total expenditure on research and experimental development reached 3,327.8 billion yuan in 2023,
representing a 233-fold increase from 1991, with an average annual growth rate of 18.6% [2].
Moreover, R&D investment as a percentage of GDP expanded from 0.6% in 1991 to 2.64% in 2023,
positioning China 12th globally in this metric [3].

The pursuit of green economic transformation has become a global priority, with nations
integrating green growth strategies and positioning regional technological innovation as a
fundamental element of sustainable development [4]. Green finance channels capital towards
technological innovation, thereby enhancing resource allocation efficiency and strengthening
regional innovative potential. Key indicators substantiate this trend. The China Regional Science and
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Technology Innovation Evaluation Report 2024 indicates that the national comprehensive science and
technology innovation index reached 78.43 points, representing a 1.30-point year-on-year
improvement [5]. The global green bond market expanded to $587.6 billion in 2023, with a 15% annual
growth [6]. In China, green credit increased from 7.59 trillion yuan in 2014 to 30.08 trillion yuan in
2023, demonstrating an average annual growth rate exceeding 29% [7]. Green finance demonstrates
remarkable potential in propelling green economic transformation. It provides substantial impetus
to regional technological innovation through strategic capital allocation and targeted investment
mechanisms.

With the advancement of global sustainable development strategies, green finance has emerged
as a key mechanism for driving economic transformation. Its impact on regional innovation
mechanisms has attracted significant attention from scholars and policymakers. However, existing
studies primarily focus on the environmental effects of green finance, with insufficient research on
its role in fostering regional technological innovation. In particular, there is a lack of systematic
exploration of the mediating role of R&D investment between green finance and regional innovation,
as well as the moderating effect of regional innovation capacity on this process. This study aims to
construct a comprehensive theoretical framework and conduct empirical analysis to explore how
green finance enhances regional innovation capacity through R&D investment. Furthermore, this
study investigates how regional innovation and entrepreneurship capacity moderate the relationship
between green finance and regional innovation. The findings provide specific theoretical insights and
actionable policy recommendations to foster sustainable regional innovation development.

The contributions of this study are reflected in several key aspects. First, it expands the
theoretical framework on the relationship between green finance and regional innovation. Compared
to Zhou [8], who focused primarily on the environmental effects of green finance, this study develops
a more complex theoretical model. It systematically incorporates regional innovation and
entrepreneurial capability as critical moderating variables, deepening the theoretical understanding
of the intricate relationships among green finance, R&D investment, and regional innovation
capacity. Second, this study reveals the mediating role of R&D investment in depth. Unlike Liu [9],
who primarily examined the direct effects of green finance, this research rigorously tests the
mediating role of R&D investment. It systematically uncovers the micro-level mechanisms through
which green finance fosters regional innovation via R&D investment, significantly advancing
empirical knowledge in this field.

Moreover, it offers innovative insights into regional heterogeneity. In contrast to the general
perspective of Huang [10], it thoroughly examines variations in the marginal effects of R&D
investment across regions with different levels of innovation capacity. This provides a more nuanced
understanding of regional innovation dynamics and offers a fresh analytical perspective on regional
disparities. Finally, the study proposes policy-oriented recommendations based on empirical
analysis. These recommendations aim to optimize regional innovation ecosystems, improve green
financing mechanisms, and facilitate sustainable economic transformation. They provide actionable
guidance for policymakers, bridging the gap between academic research and practical policy
implementation. These contributions offer critical theoretical support and practical insights for
promoting sustainable regional innovation and development.

The paper is structured into six sections: Section 2 provides a comprehensive literature review
and theoretical framework, establishing the foundation for research hypotheses. Section 3 presents a
detailed data analysis, including data sources, variable definitions, and descriptive statistics. Section
4 focuses on model construction and empirical investigation, examining the impact of green finance
on regional innovation capacity and the mediating role of R&D inputs. Section 5 conducts a rigorous
robustness check to validate the research findings. Section 6 synthesizes the key discoveries, offers
policy recommendations, discusses research limitations, and suggests avenues for future research.

2. Literature Review and Theoretical Analysis
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2.1. Literature Review

This paper examines the impact of green finance on regional innovation. The relevant literature
falls into two main categories. The first focuses on regional innovation, investigating its driving
factors, dynamic trends, and contributions to economic development. The second explores green
finance, analyzing its evolution, mechanisms, and role in promoting environmental sustainability
and economic growth.

Studies on regional innovation primarily emphasize its economic effects and influencing factors.
For example, regional innovation enhances innovation capacity and competitiveness by fostering
collaboration among enterprises, universities, and research institutions. This collaboration
strengthens the flow and integration of knowledge, technology, and resources within a region [11].
Research has shown that regional innovation capacity not only drives economic growth and
industrial upgrading, but also plays a vital role in advancing green development and ecological
civilization [12]. The development of regional innovation depends on various factors, including
investments in R&D, levels of economic development, policy environments, and innovation
ecosystems [13]. Moreover, regional innovation interacts closely with the financial environment and
industrial structure, where green finance serves as a critical source of support. For instance, the
synergy between innovation funding and technological advancements becomes more evident when
supported by green finance [14].

The second category of research examines the mechanisms of green finance. Theoretical studies
explore the components of green finance, such as green credit, securities, insurance, and investment.
Ren [15] developed a green finance index that integrates these elements to support policy
implementation and promote non-fossil energy adoption. Empirical research has also uncovered
regional disparities in green finance development. Lv [16] used panel data to reveal these disparities
and their effects on the efficacy of green finance policies. Green finance's environmental benefits are
particularly notable. Meo [17], using quantitative regression, demonstrated its role in promoting
green energy and reducing carbon emissions. Similarly, Rasoulinezhad [18] applied the STIRPAT
model to show the positive impact of green bonds on reducing emissions and advancing green energy
firms. Muganyi [19] found that China's green finance policies significantly reduced industrial gas
emissions, enhancing environmental protection. Esposito [20] linked green finance policies to
improved environmental governance efficiency, particularly in waste management.

In addition to environmental benefits, green finance supports sustainable economic
development [8]. Zhou [21] confirmed that green finance fosters green economic growth, with more
pronounced effects in China's eastern regions. Lee [22] identified its significant impact on green total
factor productivity, particularly in regions with challenging environmental conditions. Liu [23]
observed that green finance pilot zones have advanced regional green development through
industrial upgrading and technological innovation, with noticeable regional differences. Bao [24]
emphasized the role of green credit in supporting sustainable economic development across all stages
of the green transition.

Some studies also examine the relationship between green finance and regional innovation.
Deng [25] constructed a comprehensive analytical framework linking green finance with
technological innovation and green growth, while considering environmental factors and
development quality. Through panel data analysis and mediating effect tests across multiple
countries, they validated the significant role of green finance in driving technological innovation.
Green financial instruments such as green credit and bonds can ease enterprises' financing constraints,
thereby enhancing green technological innovation [26,27]. Li [28] noted that regional green
innovation could create a siphoning effect on resources from surrounding areas, affecting the
innovation process. This underscores the need for targeted government policies to optimize green
financial instruments.

However, there is limited research systematically exploring how green finance influences
regional innovation from a regional perspective. This study addresses this gap by investigating the
relationship and mechanisms between green finance and regional innovation using comprehensive
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regional data. It extends the literature on the economic effects of green finance and provides new
insights and empirical evidence for promoting high-quality regional innovation in China.

2.2. Theoretical Analysis and Research Hypotheses

Green finance directly promotes green technological innovation and reduces environmental
pollution, such as PM2.5 emissions. However, regional differences and enterprise characteristics may
significantly influence these effects [29]. Irfan [30], from the perspective of industrial structure and
R&D investment, applied the DID method to confirm the positive role of inclusive green finance in
green innovation. The study identified industrial restructuring, economic growth, and Ré&D
investment as key mechanisms linking green finance to regional innovation.

R&D investment serves as a vital channel through which green finance fosters regional
innovation [31]. Specifically, green finance alleviates corporate financing constraints, thereby
increasing R&D investment and enhancing regional innovation capabilities [32]. Further research by
Yulin [33] highlights the regional and enterprise-level variations in this relationship, underscoring
the critical and complex role of R&D investment in linking green finance to regional innovation.

Based on this analysis, we propose the following research hypotheses:

Hypothesis 1: Green finance (GF) significantly enhances regional innovation capability (RIC).

Hypothesis 2: Green finance (GF) indirectly promotes regional innovation capability (RIC) by
increasing R&D investment (RD), with R&D investment serving as a mediating variable between
green finance and regional innovation.

Moreover, the impact of green finance on regional innovation is not a single mechanism. In this
process, regional innovation and entrepreneurial capabilities influence the efficiency of R&D resource
allocation and the transformation of innovation outcomes, amplifying the role of green finance [34].
In addition, green finance instruments such as green insurance and funds provide enterprises with
risk protection, encouraging investment in green technology R&D [35]. Policy support and market
incentives further facilitate the diffusion and application of green technologies [36]. Green finance
also drives industrial upgrading and technological development, contributing to regional innovation
capabilities [37].

Drawing on this comprehensive framework, we further propose the following research
hypotheses to be tested:

Hypothesis 3: Regional innovation and entrepreneurial capability (IU) moderate the relationship
between green finance (GF) and regional innovation capability (RIC) through R&D investment (RD).
Enhanced regional innovation and entrepreneurial capabilities strengthen the indirect effects of green
finance on regional innovation.

As shown in Figure 1. Impact mechanism pathway diagram, green finance (GF) indirectly affects
regional innovation capability (RIC) through R&D investment (RD), with regional innovation and
entrepreneurial capability (IU) moderating this mediating effect. The interaction between GF and IU
underscores regional heterogeneity in the impact of green finance.
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Figure 1. Impact mechanism pathway diagram.
3. Methodological Approach

3.1. Acquisition of Data Sources

This study examines the impact of China’s green finance initiatives on regional innovation
capacity over 14 years (2008-2021). Data are collected from official publications and reliable
databases, including the China Statistical Yearbook, China Regional Innovation Capacity Evaluation Report,
China Financial Statistics Yearbook, China Science and Technology Statistics Yearbook, China Energy
Statistics Yearbook, CSMAR, and CCEER. The analysis period begins with the 2007 issuance of the
Opinions on Implementing Environmental Protection Policies and Regulations to Prevent Credit Risks, which
initiated China's green finance efforts. The sample includes 30 provinces in mainland China
(excluding Hong Kong, Macao, Taiwan, and Tibet), totaling 420 observations. Data selection adhered
to modeling requirements to ensure precision, representativeness, and reliability.

3.2. Introduction to Variables

3.2.1. Explained Variables

Regional Innovation Capability (RIC) is measured using the provincial "China Regional
Innovation Capability Comprehensive Utility Value" from the "China Regional Innovation Capability
Evaluation Report (2008-2021)". This indicator is evaluated from five aspects:

Knowledge Creation (15%): Based on Schumpeter's innovation theory [38], it emphasizes
original innovation capability and reflects the regional potential for fundamental scientific
discoveries and technological breakthroughs.

Knowledge Acquisition (15%): According to the national innovation system theory [39], it
highlights inter-regional knowledge flow and embodies the dynamic process of technology diffusion
and cross-regional innovation collaboration.

Enterprise Innovation (25%): Following the resource-based view [40], it considers enterprises as
the micro-subjects of innovation, focusing on examining enterprise R&D investment, technological
innovation capability, and new product development.

Innovation Environment (25%): Referring to the regional innovation system theory [41], it
emphasizes the support role of institutions and ecosystems for innovation, including innovation
policy, science and technology finance, and talent environment.

Innovation Performance (20%): It reflects the ultimate economic and social value of innovation.
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These weights are scientifically determined through expert Delphi method assessment,
empirical analysis of historical data, reference to the international innovation index system, and in
combination with the characteristics of China's regional innovation. The weight distribution not only
reflects the contribution of each dimension to regional innovation capability but also balances
theoretical insight and empirical evidence. It is a comprehensive measure of regional innovation
capability and is suitable for in-depth empirical analysis (Table 1. Regional innovation capacity

indicator system).

Table 1. Regional innovation capacity indicator system.

. Le.vel ! . Le.vel 2 Description of indicators Causality
indicators indicators
Positive
CI:;O,EX;(;?; Measuring a region's ability to generate new knowledge.
Knowledge Measurement of a region's ability to utilise external Positive
Regional acquisition | knowledge and cooperation between industry, academia
Innovation 15% and research.
capacity Enterprise Measures the ability of firms within a region to apply Positive
(ric) innovation new knowledge, develop new technologies, utilize
25% innovative processes, and manufacture new products.
Innovation Measure the ability of a region to provide the Positive
environment appropriate environment for the generation, flow and
25% application of technology.
Innovation The ability to measure the benefits of innovation for the Positive
performance . . .
20% economic and social development of a region.

3.2.2. Explanatory Variables

The Green Finance Development Index (GFDI) is constructed using the entropy method, aiming
to comprehensively and objectively evaluate the multidimensional characteristics of green finance
development. This index integrates four core dimensions—green credit, green securities, green
insurance, and green investment—to systematically reflect the overall development level of green
finance. Specifically, the weight allocation of each dimension is scientifically justified: green credit
accounts for 50%, highlighting the strategic role of financial resource allocation in promoting green
development [42]; green securities account for 25%, reflecting institutional innovation in the green
transformation of capital markets [43]; green insurance accounts for 15%, emphasizing the critical
role of risk management in environmental governance [44]; and green investment accounts for 10%,
measuring resource inputs into actual environmental governance [45].

The data sources include the China Financial Statistics Yearbook, China Securities Yearbook,
China Insurance Statistics Yearbook, and China Regional Green Finance Development Report. The
weight allocation follows a rigorous academic rationale: first, it draws on cutting-edge research in
green finance development, incorporating the latest theoretical advancements in academia [46];
second, it adopts methodologies from international green finance index construction to align with
global standards [47]; and third, it employs the Delphi method, combining expert evaluations with
the marginal contributions of each field to green development, ensuring the scientific and systematic
nature of the index framework.

The construction of the green finance index using the entropy value method involves the
following steps:

Normalization of Indicators: Raw data are standardized to eliminate the effects of differing units

and scales. For positive indicators, the normalization formula is:
_ Xi]-—min(Xi]-) (1)
U max(Xj)-min(X;j)
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For negative indicators, the normalisation formula is adjusted to:
_ max(Xij)—Xij
U max(X;j)-min(X;j;) (2)
where X;; represents the observed value of the ith indicator in the jth region;Yj; is the
standardised value.
@Calculation of Information Entropy: Based on the standardized values, the entropy for
each indicator is computed, reflecting the degree of data variability.
= (3)
=Sy
Ei = —In (n)_lz?zl Zijln Zij (4)
®Assignment of Indicator Weights: Using the calculated information entropy, the weight

of each indicator (W;) is determined:

_ 1-E;
W= S, A-E) )

@Synthesis of the Green Financial Development Index: Finally, the composite index is
derived by aggregating the weighted standardized values:

G=auW;, (6)
where a,; is the standardised value of the ith indicator.

This method yields an objective and comprehensive green finance development index (detailed
in Table 2. Green finance development index indicator system), which captures the
multidimensional nature of green finance. This index forms a robust explanatory variable for
subsequent empirical analysis.

Table 2. Green finance development index indicator system.

Level 1 Level 2 Level 3 . L. . 1 .
. e . e . e Description of indicators Causality
indicators indicators indicators
Percentage of Interest expenditure of the six
interest expenses major energy-consuming
in energy- industrial Industries / Total Negative
intensive interest expenditure of industrial
Green credit industries industries
50% Percentage of . .
’ 8¢9 | New bank credit by A-share listed
new bank credit ) tal protecti
_ environmental protection e
to A-share listed . 1P Positive
. companies / Credit to banks by A-
environmental . .
. share listed companies
enterprises
Market
. e Market capitalisation of A-share
Green Finance capitalisation of . . .
. listed environmental enterprises / o
Development A-share listed e Positive
. Total market capitalisation of A-
Index (gf) environmental . .
. share listed enterprises
Green enterprises
securities Percentage of A-
Market capitalisation of A-share
25% share value of A- c cap . .
. listed energy-intensive
share listed . _
. . enterprises/Total market Negative
companies with e .
) capitalisation of A-share listed
high energy .
. enterprises
consumption
Scale
. Agricultural insurance
Green environmental . . L
. . income/Property insurance Positive
insurance 15 % pollution )
; income
insurance
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Percentage of

compensation . .
Agricultural insurance
from . L
. expenditure/Income from Positive
environmental . .
. agricultural insurance
pollution
insurance

Percentage of

investment in Investment in environmental .
. . Positive
environmental pollution control/GDP
Green .
. pollution control
investment P : ‘
ercentage o . .
10% & Fiscal expenditure on

fiscal expenditure

. environmental protection/Total Positive
on environmental

fiscal expenditure

protection

3.2.3. Control Variables

To ensure robust estimation of green finance’s impact on regional innovation, this study
incorporates the following control variables: (O Industrial structure (ind): Measured by the ratio of
secondary industry value added to GDP, derived from the China Statistical Yearbook, it reflects the
impact of the high-tech industry’s proportion on innovation capability [48]. @ Human capital (Inhes):
Represented by the number of higher education institutions per province, sourced from the China
Science and Technology Statistical Yearbook, it indicates the fundamental element driving regional
innovation. 3 Urbanization level (ur): Measured by the urbanization rate from the China Statistical
Yearbook, it highlights the role of urbanization in promoting the agglomeration of innovative
resources. @ Emphasis on technology (techi): Proxied by the proportion of fiscal expenditure on
science and technology, sourced from the China Science and Technology Statistical Yearbook, it assesses
the level of regional support for innovation. & Carbon emissions (Inco2): Measured using total
emissions data from the China Energy Statistical Yearbook, it reflects the role of environmental pressure
in promoting green technology innovation [49]. ® Capital investment (capi): Calculated as the ratio
of fixed asset investment to GDP, using data from the CSMAR and CCEER Databases, it measures the
capacity of capital to support innovative activities. These variables, along with a fixed effects double-
cluster model controlling for provincial and time effects, enhance the reliability of the results. Table
3. Variable definitions and descriptions provides detailed information on the variables.

Table 3. Variable definitions and descriptions.

Variable Name Variable Variable Definition
Symbol
Regional innovation ric Calculated by the weighted integrated evaluation
capacity method
Green finance gf Entropy weighting
development Index
Industrial structure ind Value added of secondary sector/GDP
Human capital Inhes Logarithmic number of general higher education
institutions
Urbanisation level ur Urban/Resident population
Science and techi Local finance science and technology
technology focus expenditure/Local finance general budget
expenditure
Carbon footprint Inco2 Logarithmic carbon dioxide emissions by province
and region
Capital investment capi Investment in fixed assets/Gross regional product



https://doi.org/10.20944/preprints202502.1155.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 February 2025 d0i:10.20944/preprints202502.1155.v1

9 of 24

3.2.4. Mediating and Moderating Variables

This study uses R&D investment (RD) as a mediating variable to explore the mechanism of
action of green finance on regional innovation. RD, defined as the ratio of R&D expenditure to GDP,
signifies regional commitment to innovation-driven development. The innovation diffusion theory
[53] and resource-based theory [54] emphasize RD as a catalyst for technological advancement.
Previous studies [54] confirm RD’s mediating role between green finance and innovation, especially
in resource- and technology-intensive sectors. Therefore, incorporating RD into this study not only
helps to clarify the pathways of green finance’s impact on innovation but also fills a research gap in
the existing literature.

Simultaneously, regional innovation and entrepreneurship capacity (IU) is selected as a
moderating variable to analyze the heterogeneity of the impact of green finance on regional
innovation. IU encompasses the capabilities of both enterprises and individuals in innovation,
technology advancement, and entrepreneurial activities. According to the innovation diffusion
theory, regions with strong innovation and entrepreneurship capacities are more active in
technological innovation activities, and the promotional effect of green finance is more pronounced
[53]. Therefore, IU regulates the relationship between green finance and regional innovation by
enhancing the innovation environment, thereby promoting the development and application of green
technologies.

3.3. Data Description

This study applies logarithmic transformation to the variables and removes extreme values from
both ends of the continuous variables (top 1%) to reduce the impact of outliers. Based on 420
observations, we conducted descriptive statistical analysis, revealing the key characteristics of the
dataset, which forms the foundation for subsequent empirical research.

Regarding regional innovation capacity, the mean logarithmic value (Inric) is 3.359, with a
standard deviation of 0.309. This suggests significant regional differences in innovation capacity. The
median value is 3.315, which is slightly lower than the mean, indicating that many regions have
relatively weaker innovation capacities and require policy intervention to boost their innovation
levels.

The average value of the Green Finance Development Index (gf) is 0.152, with a standard
deviation of 0.063, showing substantial regional variation. The index ranges from 0.072 to 0.450, with
the median slightly below the average, suggesting that the level of green finance development is
moderate in most regions.

As for the control variables, indicators such as industrial development (ind), human capital
(hes), urbanization rate (ur), and technological maturity (techi) display considerable variability,
which may significantly affect regional innovation capacity. Environmental factors, particularly the
fluctuations in CO2 emissions, play a crucial role in understanding the impact of green finance on
innovation. On the other hand, capital investment (capi) exhibits relatively little variation across
regions.

These statistical findings provide valuable insights for the empirical analysis, revealing the
distribution characteristics of each variable and their potential impact on the research outcomes.
Detailed statistical results are presented in Table 4. Descriptive statistics of variables

Table 4. Descriptive statistics of variables.

Variable N Mean P50 Sd Min Max

Inric 420 3.359 3.315 0.309 2.820 4.197
gf 420 0.152 0.136 0.063 0.072 0.45
ind 420 0.418 0.427 0.083 0.16 0.62
hes 420 84.14 83.5 38.48 9 167

ur 420 0.575 0.557 0.131 0.291 0.896
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techi 420 0.021 0.013 0.015 0.004 0.072
co2 420 362.3 265.9 305 32.12 2100
capi 420 0.138 0.128 0.057 0.0450 0.457

This study assesses multicollinearity by calculating the Variance Inflation Factor (VIF) and
Tolerance. As shown in Table 5. Multiple covariance test, all variables have VIF values below 3, with
the maximum value being 2.93 for the "techi" variable and an average value of 2.01, well below the
commonly accepted threshold of 10. Tolerance values are all greater than 0.1, with a minimum of
0.341 for the "techi" variable. These results suggest that multicollinearity among the independent
variables is not a concern.

Table 5. Multiple covariance test.

Variable VIF Tolerance
gf 1.30 0.770
ind 1.79 0.559
Inhes 2.19 0.456
ur 2.58 0.387
techi 2.93 0.341
Inco2 2.10 0.475
capi 1.18 0.849568
Mean VIF 2.01 /

3.4. Empirical Model

To thoroughly examine the influence of green finance on regional innovation capacity, this study
employs a fixed effects model, a single mediation model, and a moderated mediation model. Each
model is selected based on its suitability for explaining the relationship between green finance and
regional innovation capacity, in line with the theoretical framework.

3.4.1. Fixed Effects Model

To address the potential influence of regional heterogeneity and time-invariant factors on
regional innovation capacity, this study employs a fixed-effects model. The selection of this model is
based on the results of the Hausman test, which indicate its appropriateness for the analysis. This
model effectively accounts for individual and temporal fixed effects, mitigating their impact on the
dependent variable. Consequently, it allows for a more precise estimation of the effect of green
finance on regional innovation capacity. The model is formulated as follow:

RIC; = ay + a,GF; + aycontroly, + Ay + up + € (7)
which RIC; represents regional innovation capacity;GF;, represents green finance, and control;, are
the control variables, the A; and u, represent regional and year control variables, respectively;e;,
represents the random error term.

3.4.2. Mediated Effects Model

To explore the mechanism through which green finance influences regional innovation capacity
via research and development (RD) investment intensity, the study sets up a system of recursive
equations, drawing on the methodological framework of Wen and Ye [55]. This approach allows for
an analysis of the internal process linking green finance to regional innovation capacity, by assessing
the effects of green finance on RD intensity (path a) and the subsequent effect of RD on innovation
capacity (path b). The model is structured as follows:

Path a: Effect of green finance (GF) on mediating variable (RD):

RD;, = 6y + 6,GF; + §,Controls; + A; + u + € (8)

Path b: Effect of mediating variable (RD) on regional innovation capacity (RIC):
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RIC; = gy + &,RD;; + &,GF; + g5Controls;, + A; + pue + €1 (9)

where RD;; is the mediating variable. Following the research line of Wen and Ye [55], the first step
is to verify the coefficient 8, in equation (2) and the coefficient &, in equation (3).If both coefficients
exist, the mediating effect is significant; The subsequent step entails verifying the coefficient &, in
equation (3) , if it is significant, it indicates the existence of partial mediation effect, otherwise it is a
full mediation effect; the third step compares &§; and e;&, sign, if the same sign, it is a partial
mediation effect, the weight of the mediation effectis 6,&; /a;.The third step is to compare the signs
of 8, and g ¢,. If the sign is different, it is a masking effect, and the proportion of the mediating effect
is 18,&/ay 1.

3.4.3. Moderated Mediation Model

To better understand how moderating variables influence the mediation process in the
relationship between green finance and regional innovation capacity, this study draws on the
research of Wen and Ye [56] to introduce a moderated mediation model .By introducing the
moderating variable, Innovation and Entrepreneurship Ability (IU), the model assesses its impact on
the relationship between green finance and RD investment. This, in turn, affects the indirect influence
of green finance on regional innovation capacity through RD investment. The specific model is given
as follows:

Effect of green finance (GF) and the moderating variable(IU) on RD (mediating variable):

RD;; = ag + a,GF; + a,1U;; + a3(GF;; X 1U;) + agControls;; + A; + u; + €; (10)

Effect of RD (mediating variable) and IU (moderating variable) on regional innovation capacity
(RIC):

RIC; = by + b|GF; + b,RD;; + b31U; + by(GF;e X 1U;) + bs(RDy X 1U;)+bgControls;, + A; + py + € (11)

Based on the test of Wen and Ye [56], we initially examine the coefficient a; of the interaction
term in equation (4). If found significant, it signifies that the moderator variable (IU) exerts an
influence on the relationship between the independent variable (GF) and the mediator variable (RD;;).
Following this, we proceed to verify the coefficient bs of the interaction term in equation (5).
Significance in this context indicates that the moderating variable (IU) also affects the relationship
between the mediator variable (RD;;) and the dependent variable (RIC), thereby confirming the
existence of a regulatory mediation effect.

4. Empirical Results

4.1. Benchmark Regression Analysis

This study begins by evaluating the direct impact of green finance (gf) on regional innovation
capacity (Inric). Several fixed effects models are employed for this purpose. The results of the baseline
regression analysis are summarized in Table 6. Baseline regression results

In Model 1, only the core explanatory variable, green finance (gf), is included. The regression
coefficient for gf is 1.315, which is statistically significant at the 1% level. This finding suggests that
green finance significantly enhances regional innovation capacity. However, the adjusted R? of Model
1is 0.067, indicating a limited explanatory power when only green finance is considered.

Model 2 incorporates province and year-fixed effects, building upon Model 1. The coefficient for
gf decreases to 0.214 but remains statistically significant at the 1% level. The adjusted R? increases
substantially to 0.944, demonstrating that fixed effects significantly improve the model's explanatory
power.

Model 3 extends Model 1 by including control variables. With these additional factors, the
coefficient for gf drops to 0.148 and loses significance. Nonetheless, variables such as industrial
structure, science and technology expenditure, and capital investment show statistically significant
positive effects on regional innovation capacity at the 1% level. In contrast, carbon emissions
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negatively affect innovation capacity at the 5% level. The adjusted R? rises to 0.771, reflecting an
improvement in explanatory power.

Model 4 incorporates both fixed effects and control variables. The coefficient for gf is 0.207,
remaining statistically significant at the 1% level. This result confirms that green finance exerts a
positive influence on regional innovation capacity even after accounting for these factors. The
adjusted R? further increases to 0.954, indicating the robustness of the model.

In summary, the baseline regression analysis establishes a statistically significant positive
relationship between green finance and regional innovation capacity. This relationship remains
robust after controlling for additional variables and fixed effects. The findings highlight the critical

role of green finance in fostering regional innovation.

Table 6. Baseline regression results.

Model 1 Model 2 Model 3 Model 4
Variable
Inric Inric Inric Inric
1.315%** 0.214%** 0.148 0.207***
8f (0.235) (0.052) (0.133) (0.052)
- 0.742% 0.7577**
in (0.118) (0.133)
0.174* 0.142*
Inhes (0.017) (0.057)
0.337%** 0.252
ur (0.089) (0.300)
_ 13.187*** 2.097***
techi (0.850) (0.477)
-0.070%* -0.029*
Inco2 (0.013) (0.015)
) 0.427%* 0.500%**
capi (0.138) (0.082)
C 3.159*** 3.326*** 2.142%** 2.309***
onstant (0.039) (0.008) (0.095) (0.211)
N 420 420 420 420
R™2 0.069 0.950 0.775 0.960
Prov FE NO YES NO YES
Year FE NO YES NO YES
r2_a 0.067 0.944 0.771 0.954

Note: *, **, *** indicate significance at the 10 per cent, 5 per cent, and 1 per cent levels, respectively; Robust

standard errors are in () in the table.

4.2. Analysis of Mediating Effects

The study further explores the mediating role of R&D investment intensity (rd) in the
relationship between green finance (gf) and regional innovation capacity (Inric). To test hypothesis 2,
a mediation model (Model 7) is developed, as presented in Table 7.

In Model 7, our findings reveal that green finance positively affects R&D investment intensity,

with a coefficient of 0.004 (p < 0.1). This indicates that green finance encourages regions to increase
their R&D investments. Additionally, R&D investment positively impacts regional innovation
capacity, with a coefficient of 9.464 (p < 0.01). The coefficient for gf remains significant at 0.168 (p <
0.05), confirming the presence of a partial mediation effect. The Sobel Z-value is 2.347 (p < 0.05), and
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the bootstrap Z-value is 2.13 (p < 0.05). The mediation effect accounts for 49% of the total effect,
highlighting R&D investment as a critical intermediary.

The study also examines the moderating mediation effect of regional innovation and
entrepreneurship capacity (Iniu) on the relationship between green finance and regional innovation
capacity. A moderating mediation model (Model 8) is constructed, incorporating interaction terms.

In Model 8, the interaction term (gf x Iniu) has a coefficient of 0.015 (p <0.1). This finding suggests
that regional innovation and entrepreneurship capacity enhances the positive effect of green finance
on R&D investment, thereby amplifying the mediation effect. The impact of R&D investment on
regional innovation capacity remains significant, with a coefficient of 11.469 (p < 0.01). The Sobel Z-
value and bootstrap Z-value for the moderating mediation effect are 2.103 (p < 0.05) and -1.98 (p <
0.05), respectively. The moderating mediation effect accounts for 39.8% of the total mediation effect.

Table 7. Mediated Effects Test.

Variable Model 7 Model 8
rd Inric rd Inric
f 0.004* 0.168** 0.063* 1.609%
& (0.002) (0.068) (0.031) (0.891)
9.464*** 11.469%**
rd (2.781) (3.368)
Iniu -0.006*** 0.051
(0.001) (0.046)
. 0.015* 0.412*
gfxIniu (0.007) (0.197)
control variable YES YES YES YES
Constant 0.015*** 2.171*** 0.026*** 2.299***
(0.004) (0.203) (0.005) (0.293)
N 420 420 420 420
Prov FE YES YES YES YES
Year FE YES YES YES YES
R? 0.945 0.961 0.951 0.963
R? a 0.938 0.956 0.944 0.957
Within_ R? 0.371 0.238 0.438 0.261
F-statistic 188.17 62.52 216.49 70.57
Sobel Z 2.347 2.103
Sobel Z-p value 0.019 0.035
bootstrap Z 2.13 1.98
bootstrap Z-p value 0.033 0.048
Percentage of intermediary effects 49% 39.8%

Note: Same as in Table 6.

The analysis further investigates the quartile-based moderating mediation effect. As depicted in
Figure 2. Quantile moderation effect plot, at lower quartiles of Iniu, R&D investment has a stronger
impact on regional innovation. However, as the quartile level increases, the coefficient of R&D
investment gradually decreases and becomes insignificant at the 90th percentile. This suggests that
regions with higher innovation and entrepreneurship capabilities rely more on other innovation
drivers, diminishing the relative importance of R&D investment.

In conclusion, the results underscore the significant moderating role of regional innovation and
entrepreneurship capacity in the relationship between green finance and regional innovation
capacity through R&D investment. The mediation effect of R&D investment is more pronounced in
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regions with lower innovation capacity, offering valuable insights for policy design aimed at
enhancing regional innovation through targeted support for green finance and R&D activities.

Mediation Effect Coefficients across Quantiles
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Figure 2. Quantile moderation effect plot.

5. Robustness Tests

Table 8. Robustness tests presents the results of four robustness tests evaluating the impact of
green finance on regional innovation capacity (Inric). The findings confirm the stability of green
finance's positive effect under different analytical approaches, including the Bootstrap method,
instrumental variable regression, variable substitution, and a modified sample period. These results
demonstrate the model's robustness and reliability.

5.1. Bootstrap Method

The first robustness test uses the Bootstrap method, as shown in column 1. This nonparametric
resampling approach minimizes estimation errors and enhances result stability. The regression
coefficient for green finance (gf) is 0.207, significant at the 1% level (p<0.01). These findings highlight
the persistent and significant positive impact of green finance on regional innovation capacity across
repeated sampling, strengthening the credibility of the model. However, it is essential to note that
the reliability of the Bootstrap method depends on sufficient sample data and may be biased in cases
of small sample sizes.

5.2. Variable Substitution

Robustness is further tested by substituting variables, as shown in columns 2-4:

In column 2, firm-level innovation (Inci) replaces regional innovation capacity as the dependent
variable. The coefficient of green finance increases to 0.684 (p<0.01), suggesting that its impact is more
pronounced at the micro level.

Column 3, changes to the control variables yield a coefficient of 0.614 (p<0.01), indicating that
the effect of green finance remains stable despite adjustments in the model.

Column 4, additional control variables, including openness (od), environmental emphasis (ep),
financial development (fd), and region size (Insize), are introduced. The coefficient for green finance
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remains significant at 0.573 (p<0.01), demonstrating the model’s robustness under an expanded

framework.

5.3. Sample Period Adjustment

A final robustness test narrows the sample period to 2012-2021 (column 5). The regression
coefficient increases to 0.773 (p<0.01), suggesting that green finance has a stronger influence on
regional innovation capacity within a shorter timeframe. However, given the potential limitations of
a restricted period, these results should be interpreted alongside other robustness tests.

Table 8. Robustness tests.

. (W0) 2) 3) @) (5)
Variable . . . . .
Inric Inci Inric Inric Inric
¢ 0.207*** 0.684*** 0.614%*** 0.573%*** 0.773%***
& (0.053) (0.180) (0.156) (0.163) (0.200)
ind 0.757*** 1.562%** 1.286** 3.019%**
(0.135) (0.500) (0.519) (0.590)
. -1.705***
' (0.462)
Inhes 0.142** -0.213 -0.413 -0.552
(0.059) (0.255) (0.263) (0.330)
hep -35.255
(26.260)
0.252 0.636 0.294 2.822%* 2.742
ur (0.301) (0.760) (0.842) (1.094) (1.694)
techi 2.097%** 4.302** 5.425%** 2.040 4.526*
(0.475) (1.762) (1.483) (1.358) (2.284)
-0.029* -0.028 -0.069 -0.095
Inco2
(0.015) (0.049) (0.048) (0.058)
0.086*
Inso2 (0.042)
capi 0.500%** 0.997** 1.135%** 0.844** 0.730*
(0.088) (0.354) (0.348) (0.339) (0.374)
-0.521**
od (0.176)
ep -0.516
(1.455)
-0.323
fd (1.347)
Insize 0.887%
(0.449)
Constant 2.309%** 3.076** 3.524%** -3.983 3.066***
(0.213) (1.060) (0.454) (3.251) (0.887)
N 420 420 420 420 300
Prov FE YES YES YES YES YES
Year FE YES YES YES YES YES
R? 0.960 0.868 0.871 0.880 0.893
R? a 0.960 0.851 0.853 0.863 0.874
Within_ R2 0.205 0.127 0.144 0.208 0.191
F-statistic 426.23 26.57 28.25 497.77 108.14

Note: Same as in Table 6.
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5.4. Endogeneity Test

5.4.1. Endogeneity Tests for Relationships Among Variables

To address potential endogeneity issues, this study employs the instrumental variable (IV)
approach and conducts two-stage least squares (2SLS) estimation. The regression results are detailed
in Table 9, which presents the findings for three sets of variable relationships, each tested using two
types of instrumental variables: a single instrument and a combination of two instruments.

Endogeneity Test of Green Finance (GF) and Regional Innovation (RIC):

In column (1), the first-order lag of the green finance index (gfll) is selected as a single
instrumental variable. The estimation results show that the coefficient for green finance is 0.129,
which is statistically significant at the 5% level, indicating that green finance continues to significantly
enhance regional innovation capacity after addressing endogeneity concerns. To further validate the
robustness of the results, column (2) uses both the first-order lag of green finance (gfl1) and the level
of regional economic development (Ingdp) as instrumental variables. The results reveal that the
coefficient for green finance remains positive and significant at 0.118, also at the 5% significance level,
further supporting the positive impact of green finance on regional innovation capacity.

Endogeneity Test of R&D Investment (RD) and Regional Innovation (RIC):

In column (3), the first-order lag of R&D investment (rdll) is used as a single instrumental
variable. The estimation results indicate that the coefficient for R&D investment is 2.598, which is
statistically significant at the 5% level, suggesting that R&D investment has a significant positive
effect on regional innovation capacity after controlling for endogeneity. To enhance the reliability of
the findings, column (4) combines the first-order lag of R&D investment (rdl1) with the level of
human capital (hep) as instrumental variables. The coefficient remains significant at 2.640, further
reinforcing the positive relationship between R&D investment and regional innovation capacity.

Endogeneity Test of Green Finance (GF) and R&D Investment (RD):

In column (5), the first-order lag of green finance (gfll) is used as a single instrumental variable.
The estimation results show that the coefficient for green finance is 0.175, which is statistically
significant at the 5% level, indicating that green finance has a positive impact on R&D investment
after addressing endogeneity issues. To further test the robustness of the results, column (6) combines
the first-order lag of green finance (gfll) with the level of financial development (fd) as instrumental
variables. The coefficient remains significant at 0.170, also at the 5% level, further supporting the
positive influence of green finance on R&D investment.

To ensure the validity of the instrumental variables, several statistical tests were conducted.
First, the first-stage regression F-statistics in all models are well above 10, indicating a strong
correlation between the instrumental variables and the endogenous variables, thus satisfying the
relevance condition. Second, the Kleibergen-Paap [57] Wald F-statistics are significantly higher than
the Stock-Yogo critical values at the 10% level, rejecting the weak instrument hypothesis.
Additionally, the Kleibergen-Paap [57] LM test results are statistically significant, demonstrating that
the instrumental variables effectively identify the endogenous variables. Finally, the Hansen ] test p-
values in columns (2), (4), and (6) are all greater than 0.1, further supporting the exogeneity
assumption of the instrumental variables. In summary, the instrumental variables used in this study
are valid and reliable, effectively addressing potential endogeneity issues.

Table 9. 25LS Regression results for endogeneity test.

GF & RIC RD & RIC GF &RD
Variable (W) (2) (3) @) (5) (6)
Inric Inric Inric Inric Inric Inric
0.129** 0.175**
gfll (0.062) (0.103)
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0.118*
gfll, Ingdp (0.056)
2.508%
rdll (1.019)
2.640%*
rdll, hep (1.018)
0.170*
control variable YES YES YES YES YES YES
Constant -0.022 -0.016 0.096* 0.097* 0.143 0.141
(0.041) (0.045) (0.051) (0.051) (0.041) (0.045)
Prov FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
First-stage F 939513 | 469257 | 743148 | 829754 | 939513 | 474851
statistic
Klei P
eibergenPaap | 1) gapees | 110410 | 124630 | 12,637 | 119345 | 12.525%
rk LM statistic
Kleibergen-Paap | 1016958 (| 735997 ( | 770996 ( | 1133.605 (| 1016.958 (| 551.437 (
Wald rk F statistic | 16.38) 19.93) 16.38) 19.93) 16.38) 19.93)
Hansen ] P value / (0.270) / (0.331) / (0.148)
N 390 390 390 390 390 390
R? 0.504 0.534 0.614 0.644 0.509 0.610

Note: **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively, with the values in parentheses
representing cluster-robust standard errors at the time level. The values in brackets for the Kleibergen-Paap

Wald rk F statistic represent the critical value at the 10% level according to the Stock-Yogo test.

5.4.2. Endogeneity Test for Sample Selection Bias

This study systematically examines the issue of endogeneity arising from sample selection bias
using three methods—the Heckman two-step approach, propensity score matching (PSM), and
weighted least squares (WLS). The detailed results of these tests are presented in Table 10, and the
robustness of the core findings is validated.

(1) Heckman Two-Step Approach

The Heckman two-step approach first corrects for sample selection bias through a selection
equation. In the selection equation, the variable selected is defined by the proportion of interest
expenditure in high-energy-consuming industries (ei). The results show that the coefficient of the
core independent variable gf is 0.498 (p < 0.01), indicating that gf significantly increases the
probability of firms engaging in R&D innovation. Among the control variables, ind has a coefficient
of 10.353 (p < 0.01), and Inhes has a coefficient of 2.164 (p < 0.05), both showing significant effects. The
inverse Mills ratio (mills) is -0.007 (p = 0.860), which is not significant, suggesting that sample
selection bias has a limited impact on the outcome model.

In the outcome equation, the coefficient of gf decreases to 0.320 (p < 0.05), indicating that the
effect of the independent variable on the dependent variable Inric weakens after correcting for
selection bias but remains significant. The coefficient of the control variable ind is 0.844 (p < 0.01),
continuing to show significance and highlighting the importance of the high-energy-consuming
industry context. The R-squared value of the model increases to 0.934, demonstrating that the
explanatory power of the model improves significantly after correcting for selection bias.

(2) Propensity Score Matching (PSM)

The PSM method corrects for sample selection bias by matching the treatment and control
groups. Before matching, the standardized bias of covariates (e.g., Inhes, ind, techi, etc.) is significant,
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with a mean exceeding 20% (as shown in Figure13. Standardized percentage bias across covariates before
and after matching.). After matching, the standardized bias of all covariates decreases to below 10%,
indicating a significant improvement in the balance of the sample distribution.

The average treatment effect (ATT) of the core independent variable gfdummy (a binary variable
based on the 75th percentile of rdp) on the dependent variable Inric is 0.090 (p < 0.01), showing that
the effect of gfdummy on Inric remains robust after controlling for covariates. Other important
variables, such as ind, Inhes, and ur, also exhibit significant effects, further supporting the reliability
of the core findings. Sensitivity analysis reveals consistent ATT results across different matching
methods, confirming the robustness of the results. However, the reduction in sample size after
matching may lead to some loss of information, and extrapolation should be approached with
caution.

INNES [rrrrrerrrrrenreneeneeanins Koo e et e e r et et @ s
INCO2 [rrvrrrrrrrrrreeneaneeneitiiiianns Keovoorooanons T
teChi_W ........................... Keovoooonnnnnnnannannnns IR R
UP W froreeemesmsesnneeneens B R @ vttt e
ind_w ........................... VST @ e e e e iae e ia e

capi ................. TR R R Y Unmatched

x Matched

T T T T T

-100 0 100 200 300

Standardized % bias across covariates

Figure 13. Standardized percentage bias across covariates before and after matching.

(3) Weighted Least Squares (WLS)

The WLS method constructs weights using the inverse of the selection probability estimated by
a Probit model to correct for sample distribution bias. The regression results show that the coefficient
of the core independent variable gfdummy is 0.057 (p < 0.01), indicating a significant positive effect
on Inric and suggesting that sample selection bias has a limited impact on the OLS results. Other
important variables, such as ind (coefficient 0.584, p <0.05), techi (coefficient 2.466, p < 0.01), and capi
(coefficient 0.508, p < 0.01), also show significant effects, supporting the rationality of the model.

The distribution of WLS weights is reasonable, concentrated between 0.8 and 1.2, with a
significant correction effect. The R-squared value reaches 0.960, indicating a good model fit. The
results are consistent with those of the Heckman two-step approach and PSM, further validating the
robustness of the WLS results. However, the WLS method is sensitive to the accuracy of weights and
sample size, necessitating a combination with other methods to comprehensively verify the research
conclusions.

The results of the three methods consistently demonstrate that the core independent variable (gf
or gfdummy) has a significant and robust effect on the dependent variable Inric, supporting the main
conclusions of the study. The Heckman two-step approach corrects for selection bias through the
inverse Mills ratio, PSM improves sample balance through matching, and WLS corrects sample
distribution through weighting. These methods validate the limited impact of sample selection bias
from different perspectives. Although PSM and WLS have certain limitations in terms of sample
information loss and weight sensitivity, the consistency of the three methods enhances the credibility
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of the research findings. In conclusion, this study systematically addresses sample selection bias
through multiple methods, providing strong support for the reliability of the core conclusions and
offering methodological references for future research.

Table 10. Endogeneity test of sample selection bias.

. Heckman PSM WLS
Variable ; ; .
selected Inric Inric Inric
0.498** 0.320*
8t (5.166) (0.158)
0.040** 0.057*+*
gfdummy (0.017) (0.015)
, 10.353* 0.844%% 0.751%% 0.584**
ind (5.593) (0.158) (0.138) (0.208)
e 2.164 0.070 0.126* 0.106
(2.934) (0.060) (0.055) (0.068)
11.128 0.373 0.155 0.369
ur (11.064) (0.297) (0.312) (0.397)
_ -85.195%+* 1.028 2.181%* 24664
techi (31.270) (0.928) (0.475) (0.583)
0.206 -0.035 -0.035** -0.018
Inco2
(1.135) (0.020) (0.015) (0.019)
, -8.384* 0.575%* 0.514** 0.508***
capt (4.345) (0.137) (0.079) (0.092)
. -0.007
mills (0.010)
0.090%*
ATT (0.030)
Constant -11.934 2.528%* 2.459%+* 2.353%*
(9.463) (0.355) (0.222) (0.263)
Observations 238 238 420 420
R-squared 0.534 0.934 0.960 0.960

Note: Same as in Table 6.

5.5. Research Discussion

This study demonstrates that green finance has a significant positive effect on regional
innovation capability. The findings align with the research Li [28], who also emphasize that green
finance enhances regional innovation efficiency by optimizing resource allocation and easing
financing constraints. Unlike previous studies, this research provides evidence at the regional level,
showing that green finance functions not only as a financial tool supporting green development but
also as a crucial mechanism for driving technological innovation. This indicates that the impact of
green finance extends beyond environmental governance, highlighting its critical role in advancing
regional innovation capability.

The mediation effect analysis confirms that R&D investment serves as a key pathway through
which green finance enhances regional innovation capability. This finding supports the conclusions
of Xu [58], who argued that green finance pilot policies improve corporate R&D efficiency and reduce
resource waste by addressing economic and political constraints. Similarly, Xu [59] and Hossain [60]
identified R&D investment as a vital driver of green innovation, while Min [61] emphasized its
importance in boosting regional innovation capability. However, systematic exploration of how
green finance facilitates regional innovation through R&D investment remains scarce. By
constructing a mediation effect model, this study advances the understanding of the mechanism

d0i:10.20944/preprints202502.1155.v1
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through which green finance indirectly promotes technological innovation via R&D intensity. It
provides both theoretical and empirical evidence for this process, offering a fresh perspective for
further research.

The study also reveals that regional innovation and entrepreneurial capability significantly
moderate the indirect effect of green finance on regional innovation through R&D investment. In
regions with stronger innovation capabilities, the impact of green finance on R&D investment is more
pronounced, while the marginal effect of regional innovation tends to decline. This observation aligns
with Fritsch [62], who highlighted that regions with high innovation capability rely more on
knowledge spillover and collaborative networks than on isolated capital investments. This study
contributes to the literature by clarifying the dual moderating role of regional innovation capability.
On one hand, regions with high innovation capability utilize green finance resources more
effectively, amplifying their impact on R&D investment. On the other hand, as innovation capability
improves, the marginal effect of R&D investment on technological innovation diminishes. This
underscores the need for policy differentiation. In regions with high innovation capability, efforts
should focus on strengthening knowledge networks and institutional support. In contrast, in regions
with lower innovation capability, green finance should address the shortfall in R&D investment to
enhance regional innovation efficiency.

6. Conclusions and Policy Recommendations

6.1. Conclusions

This study uses panel data from 30 Chinese provinces from 2008 to 2021, constructs a green
finance development index, and incorporates data on regional innovation capability. By applying
fixed effects models, mediation analysis, and a moderated mediation framework, it examines how
green finance influences regional technological innovation. The research focuses on the mediating
role of R&D investment and the moderating effect of regional innovation and entrepreneurial
capacity in this relationship. The results show that green finance significantly promotes regional
technological innovation. A portion of this effect operates through increased R&D investment.
Furthermore, regional innovation and entrepreneurial capacity enhance the mediating role of R&D
investment, amplifying its contribution to innovation. However, in regions with stronger innovation
capacity, the marginal effect of R&D investment on innovation diminishes.

6.2. Policy Recommendations

This study offers several policy recommendations to enhance the role of green finance in
regional technological innovation. Governments should refine the policy framework for green
finance by establishing standardized evaluation systems for green projects and strengthening
support from policy banks. Instruments such as green bonds, green credit, and tax incentives should
be further promoted to direct private capital towards sustainable sectors. These measures can
improve the efficiency of green finance and provide robust financial support for innovation.

Financial institutions should develop diverse green financial products and enhance risk
management capabilities. These efforts can lower financing costs for enterprises engaged in green
innovation and ensure resources are allocated to high-potential projects.

Enterprises should increase their R&D investment and enhance technological capacity.
Partnerships with universities and research institutions should be encouraged to foster collaboration
in industry-university-research initiatives. By leveraging green financial resources, firms can
accelerate their transition toward sustainable practices.

Societal efforts are equally important. Local governments and communities should promote a
culture of innovation through targeted programs and stronger intellectual property protection. These
efforts can mobilize public creativity and attract social capital to green innovation projects.

Finally, policies should address regional disparities in innovation capacity. Regions with
advanced ecosystems should focus on scaling up high-tech development, while weaker regions
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should receive targeted support, including additional R&D funding and technical assistance. This
differentiated strategy ensures balanced regional development and maximizes the impact of green
finance.

While this study enhances the understanding of how green finance fosters innovation, further
research is warranted to deepen and broaden these insights. At the enterprise level, firm-level data
analysis could offer more nuanced perspectives on how green finance impacts innovation across
different sectors and organizational scales. Future studies could also investigate additional mediating
and moderating variables, such as human capital and industrial policies, to further refine the
theoretical framework. Employing advanced econometric models and multi-level data analysis may
provide a more comprehensive understanding of the complex interactions between green finance
and technological innovation, thereby contributing to the transition toward a sustainable economy.
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