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Environmental information disclosure (EID) is integral to government
environmental policies and corporate social responsibilities. The current
research presents a theoretical model that analyses the connection between
EID, green finance, and green technological innovation (GTI). The required data
was collected through a structured questionnaire, and final data analysis was
performed using 230 valid responses. Structural equation modeling (SEM)
combined with artificial neural networks (ANN) is used in the present
framework to analyze constructs’ linear and non-linear relationships. The
empirical analysis found that government EID significantly improved the value
of green securities (GS) and green credit (GC), aided considerably by enterprises’
openness about environmental practices. Green securities and GC are also used,
which has a good impact on the development of GTI. Green financing is critical
when linking environmental disclosure with green technologies in businesses.
The results reveal themediating role of GC andGS in the relationship between the
two aspects of EIDs (EEID andGEID) andGTI, providing a new perspective on how
EID influences GTI through financial mechanisms. The findings contribute to a
more comprehensive understanding of the intricate interplay between EID, green
finance, and GTI, providing valuable insights for policymakers, businesses, and
investors working toward sustainable development.
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1 Introduction

The consequences of the rapid rise of the global industrial economy—including
ecological devastation, pollution, energy use, and resource scarcity—can be seen
everywhere. This is because of economic globalization, population growth, and the
consumerist way of life (Wang and Zhao, 2021). The “Chinese miracle” of economic
growth that has occurred in China after the reform and opening-up is remarkable. China’s
rapid economic expansion is attributable primarily to the country’s high energy usage (Du
Mo et al., 2022). Taking action to protect the environment from the effects of climate change
has gained international support. Achieving sustainable development of natural resources
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and human civilization is an urgent and critical topic, considering
the worldwide change from traditional to green and sustainable
economic models (Ge et al., 2023).

Similarly, corporations have increased their focus on
establishing environmentally conscious policies and innovation
strategies, prioritizing sustainable practices in response to rising
worries about climate change and diminishing resources (Lin, 2022).
The degree of green innovation (GI) implementation significantly
affects environmental issues (Roper and Tapinos, 2016). The
proliferation of ICTs has facilitated international trade, financial

development, and a range of other economic initiatives that have
contributed to the expansion of the global economy in the context of
globalization (Wang et al., 2023a). Many studies about the impact of
ICTs on environmental challenges and carbon emissions are drawn
from the literature and focus on the positive or negative ecological
consequences of their expansion (Q Wang et al., 2023b). Similarly,
the penetration of spillover characteristics of artificial intelligence
(AI) forests environmental innovation, thereby achieving SDGs
(Wang et al., 2024). Moreover, the growth of the financial sector
has provided funding, venture capital, and loans for startups. This

FIGURE 1
Research framework.

TABLE 1 Demographics.

Statistical
variables

Item Percent
(%)

Statistical
variables

Item Percent
(%)

Gender Male 67.51 Enterprise In the
industry

Electronic information technology 23.21

Female 32.49 New energy and energy-saving technology 16.69

Age Under 30 16.93 Biology and new medical technology 11.12

30–50 Years old 45.05 aerospace engineering 8.18

Aged 50 and over 38.02 New material technology 13.30

Educational background High school and below 5.85 high-tech service industry 6.51

Junior college 28.12 Resources and environmental technology 8.79

undergraduate course 38.98 High and new technologies to transform
traditional industries

12.20

postgraduate 27.05 Enterprise scale Under 100 people 43.75

Positional titles Other qualification 26.07 101–500 persons 22.96

Junior 38.14 501–1,000 persons 21.12

medium grade 21.65 1,001 and above 12.17

senior 14.14 Enterprise life cycle Create a period 7.50

Enterprise In the area Pearl River Delta region 18.61 growth period 21.91

Yangtze River Delta region 17.29 maturation period 65.87

Beijing-Tianjin-Tangshan
(BTT) region

20.00 Recession period 4.92

Northeast China 21.95

Midwest 22.15

Frontiers in Environmental Science frontiersin.org02

Feng et al. 10.3389/fenvs.2024.1360901

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1360901


facilitates the use of innovative technologies and creative business
models while helping creative businesses succeed in the digital
economy. As a result, studying how to encourage GI has become
increasingly important across various fields (Hu et al., 2022; Abbas
et al., 2023). Furthermore, EID is essential among the many forms of
non-governmental environmental regulation (Du L. et al., 2022;
Xiong et al., 2023). The EID method has been implemented and
improved with the help of digital technology to compensate for the
shortcomings of government regulation and market-based
incentives.

In addition, by encouraging more government investment in
environmental protection, publicizing environmental data may
help lessen the impact of air pollution on economic growth
(Yongsheng and Zhang, 2020). Furthermore, some academics
argue that the GI effect of EID can be inferred from the policy’s
positive effects on reducing pollution and carbon emissions (Liu and
Zhu, 2020; Zhang and Feng, 2020). Businesses’ bottom lines can
benefit from more money spent on energy efficiency and
environmental preservation thanks to EID, improving quality and
efficiency. According to the study of Zhang et al. (2021), the impact of

EID on the economic performance of China’s national keymonitoring
enterprises is significantly negative in the short term, but significantly
positive in the long term. Pan and Fu (2022) verified the promoting
effect of informal environmental regulation on GI through quasi-
natural experiments. Wang and Wang (2021) selected the
implementation of Ambient Air Quality as a policy impact to
retest the GI effect of EID. EID has been shown to dramatically
lower local sulfur dioxide (SO2) emissions and enhance the removal
rate of SO2 in surrounding areas. As noted by Zhong et al. (2021), who
also drew attention to the spatial spillover impact. Improvements in
EID systems are highly congruent with the growth of green finance.

The EID system of listed firms and bond-issuing organizations
has been gradually enhanced in practice as the issue of green
securities has entered a new stage. Zhu et al. (2021a) provide
evidence that green bonds can successfully stimulate the
technological upgrading of polluting sectors, demonstrating the
synergy between formal environmental legislation and green
finance. In this context, environmental regulation can boost
green bonds’ original advantages. According to Tan et al. (2022),
progress in green finance helps improve the global green value chain.
Therefore, there is potential for both parties to benefit from
encouraging GI. Based on our research, most academics focus on
estimating the policy impact of EID, while others investigate the link
between green finance and GI. However, using a unified framework,
little research examines the connection between EID and green
finance to answer the following research questions.

TABLE 2 Reliability and validity test of variables.

Variable Item Load Cronbach’s α AVE CR

Government Environmental Information Disclosure (GEID) GEID1 .79 .830 0.62 0.83

GEID2 .80

GEID3 .76

Enterprise environmental information disclosure (EEID) EEID1 .74 .80 0.57 0.80

EEID2 .78

EEID3 .74

Green credit (GC) GC1 .83 .860 0.67 0.86

GC2 .81

GC3 .82

Green securities (GS) GS1 .74 .859 0.60 0.85

GS2 .74

GS3 .81

GS4 .81

Green Technological Innovation (GTI) GTI1 .71 .907 0.59 0.90

GTI2 .74

GTI3 .72

GTI4 .89

GTI5 .79

GTI6 .81

GTI7 .68

TABLE 3 Structural model fit indices.

χ2 df χ2/df Resea GFI CFI NFI IFI

198.397 161 1.232 .032 .923 .984 .920 .984
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1. What is the relationship between open data about the
environment and advancements in environmentally friendly
technology?

2. Does green financing act as a go-between for sharing data
about the environment and creating new environmentally
friendly products?

This study aims to use empirical analysis to respond to the
abovementioned problems and improve the assurance of
environment, policy, and financial support for GTI.

The key innovation of this study is to examine the interaction
among EID, green financing comprehensively, and GTI using
advanced analytical techniques such as structural equation
modeling (SEM) and artificial neural networks (ANN). By
combining these approaches, the study provides a nuanced
understanding of how environmental transparency affects green
financial flows and technological innovation in sustainability. In
addition, this study explores the mediating role of GS and GC in the
relationship between EID (EEID and GEID), green financing, and
GTI, which is a novel contribution in this field. This innovative

FIGURE 2
Fitting results of mechanism model based on SEM.

TABLE 4 SEM results.

Hypotheses Standardized path coefficient p-value t value R2

GEID→GC 0.33 p > 0.05 3.76 0.52

EEID→GC 0.25 p < 0.05 2.28

GEID→GS 0.18 p < 0.05 3.36 0.42

EEID→GS 0.33 p < 0.05 3.57

GC→GTI 0.29 p < 0.05 3.07 0.68

GS→GTI 0.35 p < 0.05 2.54

FIGURE 3
Impact mechanism model based on adjusted SEM.

Frontiers in Environmental Science frontiersin.org04

Feng et al. 10.3389/fenvs.2024.1360901

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1360901


approach reveals the mechanisms by which environmental
disclosure drives financial decision-making and fosters
technological progress, providing valuable insights for
policymakers, businesses, and investors seeking to promote
sustainable development. The rest of the paper provides the
literature review, methodology, results, and discussion that leads
towards the conclusion and recommendations of this study.

2 Literature review

2.1 GTI

By sorting out the relevant literature on GTI, it is found that as
early as 1994, Braun and Wield began to study GTI. They agree that

GTI is an innovative technology that can protect the ecological
environment by improving enterprises’ resource utilization rate
(Braun and Wield, 1994). It aims to promote sustainable
development by reducing reliance on non-renewable energy
sources and avoiding negative environmental impacts. It can help
countries reduce ecological impacts, achieve sustainable economic
growth, and improve environmental quality (Zhou et al., 2023).
With the gradual deepening of research, the concept of GTI has
gradually enriched from the initial cost-oriented innovation of
technology, products, and processes to the current stage of
technological-oriented innovation to promote the production of
green products. The GTI aims to achieve SDGs, allocate resources,
and protect the environment by reflecting the outside world and
reducing the controversies that may occur during implementation
(Wang et al., 2021; Qu and Liu, 2022). As a result, many companies

FIGURE 4
The ANN model based on SEM.

TABLE 5 Optimal weight threshold for neural network models.

Models Weight and threshold from the input layer to the hidden layer Weight and threshold from the hidden
layer to the output layer

Weight Threshold Weight Threshold

M1 −1.584 0.444 −1.292 −0.233 0.392 0.774

0.487

0.156

M2 0.268 −0.414 −1.273 −2.778 0.247 0.841

−1.271 2.154 0.693 0.531 −0.233

0.774

M3 −0.589 −0.359 0.029 −0.214 0.658 0.864

0.228 −0.459 0.189 −1.028 1.359
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adopt a “green” philosophy, considering environmental issues and
technological developments more. From the perspective of the
development mode of GTI, scholars divide GTI into different
development modes and believe that GTI refers to one that can
coordinate the economy and environment to achieve sustainable
development of enterprises (Zhou et al., 2023). In summary, GTI
focuses on how creative businesses use innovative technologies to
attain sustainable development through altered resource use
patterns and enhanced innovation capacity through adherence to
environmental and economic development standards.

GTI has been widely studied; however, more is needed to know
how it affects economic development in different parts of the world.
Although it is well known that GTI plays an important role in
promoting sustainable development, reducing ecological impacts,
environmental regulations, and improving environmental quality
(Niu et al., 2023; Yan et al., 2024). The literature also suggested that
the Eastern region has benefited greatly, but the effect of the Central
and Western regions on economic development has not been
significant (Ozkan et al., 2023). GTI is estimated to improve
energy efficiency in most economies. However, it fluctuates
between countries and requires special attention when adopting
green innovation, energy efficiency, and sustainable environmental
policies (Song et al., 2024). Meanwhile, GTI’s dual externalities in
environmental governance and knowledge spillover put first movers
at a competitive disadvantage and face sunk costs (Shao et al., 2024).
Countries with advantages in high-value-added, knowledge-
intensive fields are better positioned to develop green
technologies than countries with resource - and labor-intensive
advantages (Lin et al., 2024). Technological design is critical to
address environmental challenges and promote sustainable
development. This raises the question of how GTI benefits are
distributed differently in different places and how these
differences can be addressed within the region. By examining
how innovations affect regional differences in economic
development, researchers can provide important insights to
businesses, policymakers, and other stakeholders in adopting and
implementing GTIs to achieve SDGs.

2.2 EID

EID stems from information asymmetry theory, which reflects
the demands of stakeholders for mastering the actual environmental
governance situation of enterprises, including the financial impact of
environmental activities, environmental performance, and
environmental matters. It is an important manifestation of
environmental responsibility (Jia and Chen, 2019). This theory
can be applied to EIDs to show how environmental data sharing
can impact stakeholder relationships and encourage more informed
decision-making. Furthermore, EID procedures impact
environmental disclosure to reduce information gaps between
management and shareholders, enhance accountability, and align
interests. The study by Su et al. (2023) shows that the transparency of
environmental information can also reduce the information
asymmetry inside and outside the enterprise. It helps external
investors understand the enterprise’s business situation on time
and curb non-productive investment behavior. As a kind of informal
environmental regulation, the government or enterprises are the

main body of EID. Government EID (GEID) refers to the disclosure
of environmental information and intelligence obtained by
administrative organs by using public resources and exercising
public power to the public through acceptable means, allowing
citizens, legal persons, and other organizations to understand,
grasp and grasp and preserve such information. Enterprise EID
(EEID) refers to the behavior of enterprises to publicly disclose their
environmental information for a certain period to the public so that
the public can fully understand the performance of enterprises’
environmental and social responsibilities and through laws and
regulations to compel enterprises to regularly disclose their
environmental information and accept the supervision of the public.

According to the theory of sustainable development, the
emphasis on economic growth limited to productive value is
insufficient to grasp the true meaning of development, which
transcends financial considerations (Zhang and Wang, 2023).
The 2030 Agenda for Sustainable Development, adopted by the
United Nations in January 2016, is a comprehensive framework that
formalizes the complex concept of sustainable development. The
idea of truly sustainable development emphasizes the sustainable
and balanced consumption of resources while harmoniously
combining social wellbeing, innovation, environmental
protection, and economic prosperity (Jiatong et al., 2021; Wang
et al., 2023c). The study of Feng et al. (2020) reveals complex
relationships between EID and environmental quality in both
short - and long-term sustainable development, suggesting a
“beggar-thy-neighbor” and zero-sum game scenario among local
governments. EID is a key component of building a good ecological
environment and is widely regarded as the most direct way for
enterprises to manage the environment (Guo et al., 2024; Liu et al.,
2024). Encouraging the modernization of environmental
governance systems requires accurate and comprehensive EID
that can be used to inform the market about their governance
performance and environmental management strategies (Li et al.,
2024). As a strategy to integrate economic development and haze
pollution control, China’s environmental information disclosure has
received increasing attention. By promoting GTI through EID,
China aims to achieve a win-win situation between economic
growth and environmental protection (Feng et al., 2021; Niu
et al., 2023). This approach not only promotes innovation and
reduces pollution, but also improves China’s competitiveness in the
global market by positioning the country as a leader in sustainable
development.

In essence, the extended theoretical framework supports a
technique that goes beyond traditional indicators and emphasizes
the interdependence between the many dimensions of GTI. This
concept holds that there is a linear relationship between EID and
sustainable development. However, this study proposes a more
complex nonlinear dynamic model. EID is a powerful tool for
enterprises to promote green governance. Several factors,
including stakeholder perceptions, corporate strategies, and
evolving regulations, influence how information is received. This
provides an important foundation for promoting the growth of
carbon peaking, sustainable development, and carbon-neutral
enterprises (Wang et al., 2023b; Li et al., 2023). Our research
aims to provide more comprehensive information to encourage
flexibility when integrating environmental disclosure strategies into
business sustainability. Therefore, it adds to the theoretical
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foundation for sustainable development and provides useful insights
for communities, businesses, and politicians working to create a
more resilient and balanced future.

2.3 Green finance

Salazar (1998) first put forward the concept of environmental
finance. He believes that environmental finance is the intersection of
the financial industry and environmental projects, and the demand
for environmental protection will guide the direction of innovation
of financial instruments. Green finance facilitates the reallocation of
capital from carbon-emitting projects to cutting-edge technology
projects, thereby mitigating environmental degradation (Yu et al.,
2021). Expanding the flow of funds from governments, businesses,
and the non-profit sector to sustainable development initiatives is
known as “green finance” (Ahmed et al., 2023). One way to achieve
this goal is to promote investments that increase long-term
resilience and sustainability, such as initiatives to address climate
change, encourage resource efficiency, or assist sustainable
development (Huwei et al., 2023). Considering the sustainable
development of human society predicated on adherence to
resource conservation and environmental protection, the
predominant perspective on green finance is that it is an
innovative financial tool (Bakry et al., 2023). This guides
individual and institutional investors, enterprises, and
governments in participating in the realization of green
development goals. This includes green securities (GS) and
green credit (GC).

GS refers to securities issued by enterprises following the law to
raise funds to support green industries and repay principal and
interest as agreed (Naeem et al., 2024). As a new financing tool with
dual attributes of “economic benefits” and “environmental benefits,”
green bonds have played a positive role in promoting China’s
economic development to achieve green transformation and
increasing green financing channels for enterprises (Chen, 2019).
Green subsidy programs encourage green production practices,
which can increase investment in green innovation and improve
environmental performance (Xu et al., 2020). Compared with
conventional bonds, the investment direction of green bond
funds must be related to the established green projects, so
regulators put forward higher disclosure requirements for their
environmental information (Cai, 2018). Green stocks are also an
important component of green financial instruments. The number
of environmental protection enterprises and their market value in
shares is a good measure of the financing ability of green projects in
the region in the secondary circulation market.

GC refers to preferential loans financial institutions provide for
the green industry. These green industries refer to environmental
protection industries, including pollutant treatment, environmental
protection equipment manufacturing, and the new energy and high-
tech industries (Shapira et al., 2014). The GC review system
emphasizes the word “green” more. GC also requires the public’s
attention and supervision to track enterprises’ development in this
way constantly. GC regulations are also important in promoting the
transition of highly polluting enterprises to environmentally friendly
operations (He et al., 2024). Studies have shown that green credit
plays an important role in improving the performance of ecosystem

governance, reducing carbon emissions, and promoting
environmental protection (Lin and Pan, 2024; Long, 2023). To a
certain extent, enterprises must assist banks in regularly disclosing
relevant information, including the use and effectiveness of funds.
GC focuses more on ecological benefits and pursues a win-win
situation between environmental and commercial benefits.

3 Research hypotheses

3.1 EID on green finance

3.1.1 The impact of EID on GC
For GC, a green financing tool with economic and

environmental benefits, banking financial institutions mostly rely
on information disclosure to understand the environmental
information of enterprises (Wang, 2021). Full and detailed
disclosure of GEID not only helps financial institutions strictly
assess and monitor environmental and social risks arising from
the production and operation of enterprises but also strengthens the
information transparency of green bonds and weakens investors’
expectations of default risk of green bonds (Du et al., 2022; Hu et al.,
2022). At the same time, the issuing enterprise fully informs the
specific investment direction of the raised funds and the expected
economic and environmental benefits of the green project through
EEID. This can significantly enhance financial institutions’ control
over enterprises’ business activities. It also facilitates financial
institutions in predicting risks, making decisions, and reducing
the risk expectations of financial institutions for enterprises.
Based on the above analysis, this paper puts forward the
following assumptions.

H1a: GEID is conducive to GC financing for enterprises.

H1b: EEID is conducive to GC financing for enterprises.

3.1.2 The impact of EID on green securities
Green projects often have large investment scales, long

construction cycles, and certain environmental risks. Enterprises
issuing GS have an information advantage, while securities
investors have an information disadvantage. According to the
theory of information asymmetry, securities investors, as the
Party of “information disadvantage,” often assess the target
bonds in multiple directions before making investment
decisions, focusing on the solvency of issuing enterprises and
the expected risk situation of securities and putting forward risk
compensation accordingly (Mavlanova et al., 2012; Hu, 2022).
Accordingly, the more sufficient environmental information the
government releases, the more helpful it is to alleviate the
information asymmetry in the market (Ahmad et al., 2023).
The quality of information impacts securities pricing in terms
of investors’ risk prediction and securities’ liquidity expectations.
When issuing enterprises do not publish or publish the relevant
environmental information about GS, investors will raise risk
expectations or make wrong investment decisions due to
“uncertain” factors, which is not conducive to the issuance of
GS. Based on the above analysis, this paper puts forward the
following assumptions.

Frontiers in Environmental Science frontiersin.org07

Feng et al. 10.3389/fenvs.2024.1360901

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1360901


H2a: GEID is conducive to GS financing of enterprises.

H2b: EEID is conducive to GS financing of enterprises.

3.2 Green finance on GTI of enterprises

3.2.1 The impact of GC on urban GTI
Enterprises can apply to banks for GC for specific areas, and

such funds often have different approval criteria and channels, so
the success rate of financing is much higher than that of
traditional financial instruments (Zhu et al., 2021b). Solving
the financial constraint problem of green enterprises is
conducive to expanding enterprises’ production scale. After
long-term accumulation, a scale effect is formed, increasing
green output, reducing carbon emissions, and improving
carbon emission efficiency (Xu et al., 2020). On the contrary,
some argue that green finance is more like an external capital
constraint for enterprises with high pollution and energy
consumption. Green finance is a top-down policy tool, which
is not only reflected in the fact that financial institutions
represented by banks are constantly raising the loan threshold
of those enterprises and reducing their credit lines (Wang and
Wang, 2021). However, when it affects the investment logic of
market investors, it guides social funds from those enterprises to
green enterprises by establishing a first-level weather vane of the
capital market (Jia and Liu, 2022). Based on the above analysis,
this paper puts forward the following assumption.

H3a: GC has a positive impact on enterprises’ GTI.

3.2.2 The impact of green securities on GTI of
enterprises

Green environmental protection projects, such as clean
production and eco-environmental industries, often have the
characteristics of a long R&D cycle, high risk, and slow profit
recovery in the early stages (Xu et al., 2020). Traditional financial
investment activities often avoid the investment of such projects,
so most green environmental protection enterprises are facing
financial difficulties. The special characteristics of green
securities are conducive to solving the problem of financial
difficulties, which optimizes the green image of enterprises
and improves their value of enterprises. At the same time, the
issuance of green securities reduces information asymmetry, thus
alleviating the loan discrimination of banks against innovative
enterprises and promoting the growth of green industries. Green
securities can effectively alleviate the term mismatch problem,
enhance enterprises’ ability to optimize the term structure of
funds, and alleviate the investment constraints caused by term
mismatch (Ying and Jiahao, 2022). After easing financing
constraints, enterprises issuing green securities have more
funds for green technology investment and green project
development. Listed enterprises issuing green bonds can
promote GI by alleviating financing constraints. The following
hypothesis is proposed in this study based on the
discussion above.

H3b: GS plays a positive role in promoting urban GI.

3.3 The mediating role of green finance

Improving EID’s quality will reduce banks’ environmental risk
expectations for green projects and enterprise operations. With the
quality of information disclosure, investors’ expected benefit level of
green projects will be significantly improved (Yang, 2022). For credit
applicants, actively disclosing information or improving the quality
of information disclosure is an important way to strengthen effective
communication with banks and enhance banks’ awareness of
enterprises. High-quality information disclosure is beneficial for
stakeholders such as green securities investors to fully understand
the environmental information status of the issuing enterprise, as
well as the expected progress of green projects (Cheng, 2014). They
can have precise control over the investment of securities raised
funds, accurately measure investment risks and expected returns,
enhance market attention to green securities, increase securities
subscription rates, and help enterprises further reduce issuance
credit spreads and financing costs. Green finance can allocate
capital, and enterprises obtain green capital support through
financial products such as GC and green bonds to carry out
technological innovation (Ouyang et al., 2023). The operation
mode of risk sharing and benefit sharing in the green financial
market reduces the risk of technological research and development
of enterprises. It enhances innovation subjects’ enthusiasm and
confidence (Yang, 2023). Green finance can urge enterprises to
disclose relevant environmental information through securities
institutions and banking institutions, thus stimulating enterprises
to carry out technological innovation of clean energy (Junbing et al.,
2023). Positive technological progress, such as the innovation of new
energy technology and the research and development of
environmental protection materials.

Similarly, it is conducive to eliminating backward technological
products, reducing dependence on traditional fossil energy,
ultimately reducing carbon emissions, and improving carbon
emission efficiency. On the other hand, it can improve the
environmentally friendly output of enterprises and exert scale
effect, promote the transformation of technological progress
benefits to economic output benefits, and thus achieve the
ultimate goal of low-carbon economic development. Based on the
above analysis, this paper puts forward the following assumptions.

H4a: GC mediates GEID and GTI.

H4b: GC mediates EEID and GTI.

H4c: Green securities mediates between GEID and GTI.

H4d: Green securities mediate between EEID and GTI.
Based on the above, the research framework is presented

in Figure 1.

4 Empirical research design

4.1 Questionnaire design

The questionnaire was divided into two parts: Industry and
sociodemographic characteristics, which include information such
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as gender, age, education, position, and enterprise area, which were
collected in the first part. In the second part, there are questions
about the research factors. Each criterion and its corresponding
measures are clearly described in the questionnaire instructions.
Respondents recorded their responses by assigning a five-point
Likert scale to each topic.

Measurement of EID level: This paper uses content analysis to
evaluate the quality of EID and measures the level of government
EID from three aspects: regulatory information, interactive
response, and emission data. Enterprise environmental
information is measured from three aspects: project compliance
review, information related to environmental system certification,
environmental management concept, and objectives, and graded
according to these indicators (Tian et al., 2016; Du, 2022).

Measurement of GC: Based on the careful consideration of time
continuity and the availability of data at the provincial level, this
paper selects the bank loans of A-share listed environmental
protection enterprises, their proportion in the loan balance of
regional financial institutions, and the proportion of interest on
high-energy consuming industries as positive indicators of GC. This
measures the financial support of commercial banks to green
environmental protection enterprises from absolute and relative
perspectives to measure the development level of regional GC
(Han and Liu, 2023).

Measurement of green securities: Currently, most scholars
analyze the development scale of green securities from the stock
perspective. Hence, this paper selects the market value of
environmental protection enterprises, their proportion in the
total market value of shares, and the number of green bonds
issued by environmental protection enterprises. Moreover, their
proportion in the balance of regional bonds is an indicator to
measure the scale of green securities. This study measures the
ability of environmental protection enterprises to finance the
capital market from both relative and absolute perspectives. This
serves as a measurement indicator for the region’s development level
of GC (Wu and Zhang, 2023).

GTI performance refers to some achievements directly produced
by technological innovation activities, which can be objectively
measured and perceived. Indicators such as environmental
performance, innovation performance, social performance, and
economic performance can be selected to reflect the performance
of GTI (Gar cía-Granero et al., 2018; He et al., 2019; Gao and
Zhang, 2021).

4.2 Research approach and data collection

Current research uses a positivist paradigm approach to
examine causality. This approach represents traditional research
techniques and assumptions that are more appropriate for
quantitative research than qualitative research. To make the
results universal and repeatable, and facilitate the multi-factor
investigation, this study adopts the survey method based on the
questionnaire. A pilot questionnaire was drafted and shared with a
panel of experts to carefully evaluate and refine the indicators,
questions, and wording. The questionnaire was independently
translated into Chinese and English by language experts using a
back-to-back translation method. The explanatory elements of this

study include EID and green finance, which affect GTI. In this paper,
the questionnaire was distributed and recovered with the help of the
local government authorities, who get the questionnaire and the
contact information by e-mail or collect the questionnaire through
the paper questionnaire site and collect it on the spot (see
questionnaire in Appendix A). To ensure the accuracy of the
information collected, the questionnaire is used by the executive
directors and senior managers responsible for green technology
innovation activities within the enterprise. A total of
300 questionnaires were distributed, and 241 questionnaires were
recovered. Excluding 11 invalid questionnaires, 230 valid
questionnaires were used in the final data analysis. Demographics
are shown in Table 1.

4.3 Data analysis methods

This study used a multi-analysis method combining structural
equation modeling (SEM) and artificial neural network (ANN).
SEM provides several benefits by eliminating random measurement
errors and concurrently monitoring the link between variables and
latent variables. As a result, it is possible to achieve more precise
answers than with conventional regression analysis. While SEM has
found widespread usage in empirical analysis, its limited scope is due
to its focus on linear relationships between variables. Some
researchers have attempted to address this shortcoming of SEM
by adding interactive or quadratic terms to SEM to reflect better the
non-linear relationship between variables (Tuu and Olsen, 2010).
However, the resulting SEM model is too complex, with the
drawbacks of low calculation, poor stability, and difficult
estimation of large parameters, making its widespread application
problematic.

An ANN model can discover the complex linear and nonlinear
correlation between variables. It can also automatically modify the
connection weights between network nodes to adapt to the
nonlinear relationship between variables, realizing the tasks of
function approximation, data clustering, pattern classification,
and optimization calculation (Shahzad et al., 2020). Moreover,
the ANN model outperforms linear analysis in terms of making
predictions. There is currently no theoretical justification for the
path and degree of effect between factors and neurons, as the
structure of the ANN model is mostly defined by experience, and
the neuron nodes often adopt the fully linked connection mode.
Although ANNs are sometimes considered “black box” models
because of the complexity of their internal operations, it is not
entirely true to say that an ANN model cannot be used to test
hypotheses or that it is difficult to determine their accuracy
(Liébana-Cabanillas et al., 2017). According to the results above,
SEM has greater latitude in accurately reflecting the causal
relationship between variables than ANN. Still, it has greater
difficulty handling the non-linear relationship between variables.
The neural network model’s input is derived from the significant
variables found in the SEM, which raises model accuracy.

Therefore, the authors used a modeling approach integrating
SEM and ANN to verify the proposed hypotheses and theoretical
models. Testing the impact mechanism of information disclosure on
GTI performance using the SEM and then analyzing the impact
mechanism using the SEM and ANN are both part of the integrated
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modeling process for the impact mechanism. A model test was
conducted using SEM with parameter estimation and hypothesis
testing technologies to determine the chain of events by which
information disclosure affects the effectiveness of GTI. With SEM as
the foundation, we build an ANN model’s topology and set up an
SEM-ANN to put our resulting hypotheses to the test.

5 Results

5.1 Evaluation of measurement model

This article employs reliability analysis and SPSS to check the
dependability of all variables. In this paper, we conducted a
confirmatory factor analysis using the SEM and AMOS 23.0 on
the theoretical measurement model encompassing all variables to
examine their convergence validity, discriminant validity, and
reliability. Table 2 displays the outcomes of the tests.

Each variable has a Cronbach’s alpha value greater than the
threshold of 0.70, suggesting that the latent variable is reliable, as
determined by the reliability analysis. Overall adaptation
indicators of the measurement model met the requirements, as
shown by the results of the confirmatory factor analysis of the
model, which showed that C2/DF = 1.031, less than 2.0; RMSE =
0.012, less than 0.05; GFI = 0.924, CFI = 0.998, and TLI = 0.997 all
exceeded the prescribed critical value of 0.90. It demonstrates that
the data sample fits the measurement model well. Additional factor
analysis demonstrated that all measures had factor loads greater
than the threshold of 0.70, indicating that the variables had strong
convergent validity. Good combination reliability (CR) can exist
when the CR value for a given variable is more than 0.70. Good
discrimination validity is shown when a variable’s average variance
extraction value (AVE) is more than 0.50. The validity structure of
the variable measurement model is sound, allowing for further
investigation.

To evaluate the structural model, AMOS is used to analyze the
sample data by SEM, and the overall fit coefficient between the
structural model and the survey data is shown in Table 3.

From Table 3, from the absolute fitting index, the chi-square
index (<2) value is 1.232, less than 2, and the root mean square
residual (RMSEA) value is 0.032, less than 0.05. The hypothetical
model is a good fit for the measured data. From the perspective of
relative fitting indicators, the incremental fitting index (IFI),
comparative fitting index (CFI), and normative fitting index
(NFI) are all greater than the standard of 0.9. The overall fit
between the structural model constructed in this paper and the
empirical data is acceptable. The model-fitting path is shown
in Figure 2.

5.2 Analysis of SEM path

In SEM, the symbol and significance of the path coefficient of the
relationship between variables are realized. The sign of the
coefficient is positive and significant, indicating a significant
positive impact between variables, and the sign is negative and
significant, indicating a significant negative impact between
variables. If the coefficient is not significant, there is no

significant impact. Table 4 comprehensively summarizes the path
coefficient of the model that EID affects the performance of GTI
through green finance.

The measurement model results reveal that GEID has a high
explanatory power to GC, with a value of 0.52 demonstrating its
variance. In particular, the influence of government information
disclosure on GC is negligible; the path coefficient is 0.33, T = 3.76,
and p > 0.05. A positive and statistically significant relationship
exists between enterprise information sharing and GC (0.18, T =
2.28, p0.05).

The explanatory power of information disclosure to green
securities is 0.42, indicating that information disclosure has a
strong explanatory power to green securities. The path coefficient
of government information disclosure on green securities is 0.25, T =
3.36, p < 0.05; that is, government information disclosure
significantly impacts green securities. The path coefficient of
enterprise information disclosure to green securities is 0.33, T =
3.57, p < 0.05; that is, enterprise information disclosure has a
significant positive impact on green securities.

The explanatory power of green finance for GTI is 0.68,
indicating that green finance has a strong explanatory power
for GTI. More specifically, GC’s path coefficient on GTI
performance is 0.29, T = 2.28, p < 0.05; GC significantly
impacts GTI. The path coefficient of GC on green technology
performance is 0.35, p < 0.05; green securities significantly
positively impact GTI.

This paper uses the SEM analysis method to test the integrated
model. According to the verification results and the insignificant
impact (the impact of government information disclosure on GC)
being excluded, the adjusted relationship model between EID, green
finance, and GTI is shown in Figure 3.

5.3 Empirical analysis based on SEM–ANN

5.3.1 Establishment of a neural network model
based on SEM

To enhance the ability to interpret model parameters, not all
nodes are connected. Important predictive variables identified by
SEM were used as inputs to the model. The integrated model tested
by the SEM has three dependent variables because the neural
network model requires no connection between network nodes
on the same layer. Therefore, this study decomposes the impact
mechanism model adjusted based on the SEM into three
ANN models.

M1 comprises one input of GEID and one output of GC;
M2 consists of two inputs of government EID, enterprise EID,
and one output of green securities; M3 comprises two inputs of
GC and green bonds and one output of GTI.

Neural networks with one hidden layer can represent any
continuous function with arbitrary accuracy, and practice has
shown that using more than two hidden layers is unnecessary.
Therefore, the hidden layer of this model is set as one layer.
There is no clear rule on the number of neurons in the hidden
layer. In the specific design, the more practical way is to train and
compare the number of different neurons and then add a little
margin appropriately. By training and comparing the number of
different neurons, the number of neuron nodes in the hidden layer
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of each model is set to 3, and the neural network structure is shown
in Figure 4.

5.3.2 Results of SEM-ANN model fitting
To improve the learning efficiency and convergence speed of the

network, the data are processed before they enter the BP neural
network, and the value of each variable is the average value of the
corresponding measurement item score, which is normalized. The
specific normalization formula is as follows:

xi � xj − xmin

xmax − xmin

In the formula, xi is the normalized value; Xj is the original
value; Xmin is the minimum value in the variable; Xmax is the
maximum value in the variable. The neural network toolbox of
the application sets the algorithm and indicators for the
application. The input layer uses the transit activation
function, the output layer uses the purelin activation function,
and the model training function selects the trainlm function. The
maximum training frequency is 2000. The training target error is
ε = 0.001, and the learning rate is 0.1 to ensure training accuracy.
The traditional BP algorithm neural network model uses random
initialization. In contrast, the IMRFO algorithm neural network
model proposed in this paper uses the optimal network weights
and thresholds obtained through IMRFOA iterative selection for
initialization. Based on the parameters of the network to be
optimized and the specific objectives of optimizing by
combining weight values and thresholds, as well as the
relevant experimental results in the literature, the key
parameters in the IMRFO algorithm are set as follows:
initialization space dimension = 2, population size = 15, and a
maximum number of iterations = 2000.

The model is trained and tested by standardized data, in which
the first 80% of the data set is selected as the training data set, the
model is trained, and the last 20% of the data set is selected as the test
data set to test and verify the model. This paper uses the MRFO
algorithm to optimize the BP neural network program. After testing,
the optimization results are stable, and the difference between the
predicted results is small. The optimum process with the smallest
error is selected. When it is iterated 2000 times, the optimum
solution is obtained.

Enter net. iw (1, 1), net. b (1), net. lw (2, 1) and net. b (2) in the
command bar to obtain the optimal weight and threshold, as
shown in Table 5. The optimal weight and threshold are used
as the initial weight and threshold of the BP neural network, and
test data evaluate the model’s performance. For each measurement
index in each model, the judgment coefficient R2 is greater than
0.5, the root mean square error (RMSE) is less than 0.1, and the
average absolute error (ABE) and average relative error (ARE) are
less than 0.2. It shows that after 2000 iterations, each model
achieved a good convergence effect, and the fitting effect of
each model was good.

Information about the relationship between input and output is
extracted from the connection weight of the neural network. The
weight calculation method proposed by Ma Fanglan et al. (2020) is
used to calculate the value of the connection weight matrix trained
by the neural network, and the influence weight of input variables on
output variables can be obtained. In M1, the weight of the impact of

government EID on GC is 0.259; in M2, the impact weights of
government EID on GC and green securities are 0.352 and 0.023; in
M3, the impact weights of green securities and GC on GTI are
0.296 and 0.393 respectively. Based on the structured neural network
model test, the impact mechanism model of EID on GTI is
established.

6 Discussion

The findings of the SEM test on the relationship between EID
and funding via GC s indicate no statistically significant
relationship, contradicting the paper’s null hypothesis H1a. The
explanation could be that financial institutions do not primarily rely
on government information disclosure to collect environmental
information about loan firms when reviewing these enterprises’
credentials. SEM-ANN results show that GC financing is
significantly influenced by enterprises’ willingness to share
information about their environmental practices, proving that
H1b is correct. This is consistent with the findings of Du et al.
(2022), who found that providing more details about the conditions
in which businesses operate boosts financial institutions’ ability to
monitor and manage risk and the confidence of their clients. This
unexpected pattern challenges preconceived notions in the field and
deepens our understanding of how financing mechanisms are
influenced by environmental information.

SEM and neural network test results verify the positive
correlation between government and enterprise information
disclosure and GS financing. This highlights the critical role of
government transparency and the important impact of information
disclosure in facilitating the financing of GS, particularly about EIDs.
GS financing is aided by disclosing sufficient information to the
public, reducing market information asymmetry. For example,
businesses implementing thorough EID procedures level the
playing field for investors while promoting environmental
sustainability. As a result, investors can make informed
judgments based on reliable information in a more competitive
and fair market. Therefore, both H2a and H2b are supported, as
hypothesized. This finding supports the conclusion reached by Hu
(2022). These results highlight the importance of enterprises and
governments providing information to support GS financing. In
addition to supporting sustainable operations, transparency plays an
important role in financial decisions in the GS market. This has
implications for businesses, governments, and investors who want to
regulate, promote, and profit from sustainable finance. For instance,
when a government publishes detailed environmental data, it can
attract more investors to its green finance projects, thus increasing
the funds available for environmentally friendly infrastructure
projects. This demonstrates the mutually beneficial link that
exists between environmental stewardship, sustainable
financing, and EID.

Green securities and GC have a significant positive impact on
the performance of GTI, as shown by the results of the SEM test and
the neural network model test, verifying hypotheses H3a and H3b
about the relationship between green financing and GTI. According
to Zu et al. (2021), businesses that have been able to issue green
securities and acquire GC have more money to put towards green
technology investment and green project development. However,
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this surprising pattern shows that environmental sustainability and
financial viability are complementary, showing that businesses using
green finance improve their economic position in addition to
supporting environmentally friendly projects. This mutual
reinforcement demonstrates the strategic integration of financial
and ecological objectives and illustrates how organizations can
combine responsible environmental practices with economic
growth. For example, manufacturing firms can improve their
financial performance by issuing green security of GC to finance
the installation of solar panels at their facilities, thereby reducing
their carbon footprint and long-term energy bills. These results
highlight how green finance can be used as a tool to improve
financial viability and environmental sustainability.

Assuming the verification of hypothesis H4b, green securities are
posited to mediate the association between government EID and GTI
within the context of the interplay between EID, green finance, andGTI.
Assuming the testing of hypothesis H4c, it can be posited that green
securities mediate the correlation between enterprises’ disclosure of
environmental information and the advancement of GTI. The
verification of hypothesis H4d confirms that GC is a mediator in
the correlation between enterprises’ disclosure of environmental
information and the promotion of GTI. Open disclosure of
companies’ environmental initiatives may persuade financiers to
support them (Xu et al., 2020). As a result, investors can choose to
allocate their funds to environmentally friendly securities, thereby
promoting technological advances that contribute to the goal of
transparency. In addition to prior literature, validating these nexuses
provides novel perspectives on how green finance mediates between
enterprise and government EID and the growth of GTI. These results
provide a more comprehensive understanding of how environmental
disclosure affects green financing and technological innovation.

7 Implications and future directions

7.1 Policy implications

Based on the study’s findings, we give concrete implications that
can help numerous government agencies enhance GTI. To begin, a
system must be implemented to guarantee the accuracy of publicly
available environmental data. The main body of EID should be
gradually transferred from the government to enterprises, and the
scope of the disclosure should broaden from heavy-polluting
enterprises to light ones. This can be accomplished with the help
of modern technologies like digital means and big environmental
data, which will help us better promote environmental protection.
As a second step, we must enhance the current green financial
system. First, we need to incentivize GC more strongly. This will
provide a key opportunity to accelerate the transition to a more
sustainable financial system. Policymakers can encourage financial
institutions to allocate capital to eco-friendly businesses, promoting
green innovation and mitigating environmental degradation. Tax
incentives or lower lending rates for projects with clear
environmental benefits are effective strategies to encourage GC.

Second, we need to lower the price at which banks and businesses
can produce green bonds.Making it cheaper for companies and banks
to issue green bonds could make them much more attractive and
accessible, which would encourage funding for eco-friendly initiatives.

In addition, projects such as the Climate Bonds Initiative (CBI) aim to
provide certification for eligible projects and standardize the process
of issuing green bonds. The issuance process can be simplified, and
administrative procedures can be reduced, which helps reduce the
overall cost of issuing green bonds.

Third, we need to inspire the development of a wide range of GC
businesses. Governments and financial authorities can support
establishing financial institutions focused on GC. Policymakers
can accelerate the transition to a more resilient and sustainable
economy by assisting green bond issuers, GC institutions, green
venture capital firms, and innovative fintech businesses.

Fourth, we need to develop unique green bond products.
Creating novel financial instruments tailored to specific
environmental objectives, industries, or projects is the process of
developing unique green bond products. Sector-specific green bonds
may appeal to investors who want to generate profits while
supporting environmentally friendly causes such as clean
transportation, sustainable agriculture, or renewable energy.
These bonds can potentially attract a wider range of investors
and provide more access to financing for environmental projects.

Fifth, we need to encourage the green transformation of
traditional banking institutions. Promoting the green
transformation of traditional banking institutions means
providing incentives and assistance to these institutions to enable
them to incorporate sustainable practices into their investment and
operational plans.

Finally, we need to ensure that all businesses have access to
capital for investment. Conversely, we need to lessen the burden on
taxpayers by cutting down on the price of government oversight
while simultaneously increasing pollution compensation for
consumers. Green bonds and innovation-driven development
initiatives can assist in funding environmental transparency efforts.

7.2 Limitations and future recommendation

Despite the study’s valuable outcomes, its sample size,
geographic spread, and time limits on its subjects may limit
generalization. It must be acknowledged that while this research
has produced valuable results, the imposition of a time limit on its
subjects raises a critical issue that could hamper the broad
applicability or generalization of its findings. Because the time
limits chosen during the study did not adequately describe the
dynamic nature of some situations, it could lead to a poor grasp of
the issue. Over a long period, participants’ behavior and reactions
may change when they become aware that they are being watched
briefly. Therefore, a long-term study must be conducted to see how
better EID and additional green money affect the development of
new environmentally friendly technologies.

There is much complexity surrounding the effect of publicizing
environmental data on developing new eco-friendly technologies, and
this paper has several flaws. Adopting appropriate methods to address
the technical issues, investigating the direct impact of EID onGTI, and
delving deeper into other factors of the relationship between EID and
GTI, such as the innovation and technology transformation
capabilities of enterprises, are all promising avenues for future
study. We will keep looking into additional possible ways
environmental transparency leads to green technical innovation.
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Appendix A

Do you agree with that? Strongly
disagreed (1)

Disagree
(2)

Neutral
(3)

Agree
(4)

Strongly
agree (5)

1. The government can timely and accurately disclose the daily records of
exceeding standards

2. The government can timely and accurately disclose environmental
inspectors and complaints and complaints

3. The government can timely and accurately disclose the enterprise
emission data

4. Enterprises can timely and accurately disclose the application situation
for project compliance

5. Enterprises can timely and accurately disclose relevant information
about environmental system certification

6. Enterprises can timely and accurately disclose environmental
management concepts and goals

7. Compared with similar enterprises, the bank loan amount of
enterprise green projects is higher

8. Compared with similar enterprises, the loan amount of enterprise
banks account for a higher proportion of the loan balance of regional
financial institutions

9. Compared with similar enterprises, the interest rate of high-energy
consumption projects is relatively high

10. Compared with similar enterprises, the market value of enterprises is
higher

11. Compared with similar enterprises, the market value of enterprises
accounts for A higher proportion of the total market value of A-shares

12. Compared with similar enterprises, the amount of corporate green
bonds issued is higher

13. Compared with similar enterprises, green enterprises have a higher
proportion in the balance of regional bonds

14. Compared with similar enterprises, your enterprise has a higher
environmental protection investment

15. Compared with similar enterprises, your enterprises emit less gaseous
pollutants

16 Compared with similar enterprises, the comprehensive utilization rate
of waste is higher

17. Compared with similar enterprises, your enterprise has a higher
number of green patents

18. Compared with similar enterprises, the r and d investment intensity
of your enterprise

19. Compared with similar enterprises, your enterprise has a higher sales
rate of new green products

20. Compared with similar enterprises, your enterprise has a higher
number of new green products or services
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