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Abstract: Green technology innovation (GTI) promotes the green, low-carbon transformation of
equipment-manufacturing enterprises, helping to achieve sustainable development. Providing
financial support for GTI can help alleviate firms’ financing constraints. Based on evolutionary game
theory, this study analyzes the effect of financial support on GTI using a sample of listed Chinese
equipment-manufacturing companies spanning 2015–2022. The results show that the combined
support of financial institutions and the government can support enterprises’ GTI. Furthermore, the
strength of financial support and the quality of environmental information disclosure affect firms’
willingness to undertake GTI. The empirical study shows that while credit support and government
support positively affect firms’ GTI, equity support has a significant negative effect. Heterogeneity
analysis shows that credit and government support can more effectively promote firms’ GTI when
there is high-quality environmental information disclosure and intense market competition; equity
support, meanwhile, has an inhibiting effect. This study enriches the literature on financial support’s
effect on GTI in the equipment-manufacturing industry and can help guide governments and financial
institutions to formulate policies and strategies to support firms’ GTI.

Keywords: financial support; green technology innovation; environmental information disclosure;
evolutionary game

1. Introduction

China’s economic development has entered a new normal. The high energy consump-
tion, high resource input, and high pollution emissions of traditional economic growth
patterns are no longer viable for sustainable economic development. Yet, resource depletion,
environmental degradation, and various related social problems are becoming increasingly
serious [1]. While equipment-manufacturing enterprises rely on resource advantages to
achieve growth, their high reliance on resources and a single production structure is no
longer consistent with the goals of sustainable development. Accordingly, this industry
needs to pursue green technology innovation (GTI) to reduce emissions and achieve green
transformation.

By combining innovation and green development, GTI can promote the low-carbon
transformation of equipment-manufacturing companies and become the fundamental driv-
ing force to promote the low-carbon transformation [2,3]. GTI broadly refers to products,
technologies, and methods that can help conserve resources, reduce pollution, reduce
emissions, and facilitate green development [4,5]. In addition to promoting sustainable
development, GTI can improve firms’ value and market competitiveness [6]. However,
enthusiasm for GTI is limited by its cost–benefit asymmetry; that is, GTI requires high
investment while facing considerable risk. At present, China’s equipment-manufacturing
enterprises are unable to scale up the development of GTI due to problems such as declin-
ing return on investment, insufficient incentive for external financial capital, and the lack
of investment in transformation. If enterprises lack the resources to pursue GTI and are
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concerned about return on investment, the government and the financial sector need to
step in and provide financial support for firms’ GTI [7].

In light of the above, there is a need to investigate financial support’s effect on firms’
GTI and how costs and benefits affect participants’ strategic choices. This study specifically
focuses on equipment-manufacturing enterprises in China. Considering the different value
orientations and behavioral choices of stakeholders, this study constructs a three-party
evolutionary game model comprising equipment-manufacturing enterprises, financial
institutions, and the government under limited rationality [8]. In this way, this research
explores the combined role of financial institutions and the government in supporting
firms’ GTI, as well as the interaction mechanism of the three parties, and further verifies the
relevant conclusions through empirical analysis. The findings can help the government and
financial institutions to better serve equipment-manufacturing enterprises and promote
GTI, which is of great practical significance for realizing high-quality development and
sustainable development of the economy.

2. Literature Review
2.1. Effect of Market-Oriented Financial Support on GTI

Financial support refers to the role of finance in the real economy and its influence on
industrial development [9]. This study categorizes financial support into market-oriented
financial support (financial institutions) and policy-oriented financial support (government).
Market-based financial support is further divided into credit market financial support and
capital market financial support [10].

There are two main types of research on financial support and enterprise GTI: macro-
level analyses of the effect of financial development levels on enterprise GTI and micro-level
analyses of the effect of different sources of financial support (e.g., bank credit and equity
financing) on firms’ GTI.

Increased levels of financial development can promote technological progress and
stimulate economic growth [11,12]. An active financial market can provide enterprises with
more financing opportunities and lower financing costs to support their innovation [13].

Giebel and Kraft (2018) noted that financial institutions can encourage enterprises
to carry out innovation by providing various types of financial support, such as credit
loans and venture capital [14]. Focusing on the effect of support from financial institu-
tions on firms’ GTI, D’Orazio (2019) found that such support promotes and helps diffuse
GTI [15]. Examining the BRICS countries, Chen (2024) found a significant positive rela-
tionship between equity financing and GTI [16]. Others, however, have suggested that
financial support is not conducive to enterprise innovation. The more financial support
a firm receives, the more it indirectly reflects the firm’s financial constraints. Since inno-
vation capital is limited, firms might prioritize the use of their limited funds for business
management, squeezing out funds that would otherwise be used for technological innova-
tion [17]. Acharya and Xu (2017) found that owing to short-term risks, equity financing
might discourage innovation in firms with low external capital needs [18].

2.2. Effect of Policy-Oriented Financial Support on GTI

Given the incompleteness of the capital market, many companies face difficulties
obtaining capital support [19]. In this regard, government subsidies can incentivize firms’
GTI. Several studies have investigated the effect of government incentive policies on firms’
GTI. Shao and Chen (2022) studied and compared how different types of government
subsidies affect firms’ GTI [20]. Exploring the relationship between government subsidies,
environmental regulation, and GTI, Liu (2020) found that while government subsidies
can provide the necessary financial support for GTI, environmental regulations have a
threshold effect on GTI [21].

Nevertheless, there are inconsistent findings regarding the effect of policy-oriented
financial support on GTI. Some suggest that government support can promote GTI by
reducing innovation costs and alleviating financing constraints. Wang (2021) found that
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government subsidies can reduce the risks and costs of R&D, prompting firms to expand
their GTI output [22]. Han (2023) found that government subsidies can positively affect
corporate GTI by reducing financing constraints and increasing R&D willingness and
resource allocation efficiency [23]. Meanwhile, owing to information asymmetry between
governments and enterprises, it is usually difficult for governments to effectively supervise
subsidies, which could have a negative effect on GTI. The opacity of the subsidy distribution
process and the lack of supervision can lead to rent-seeking behavior, which can crowd out
firms’ investment in innovation [24]. Studies have also found that government subsidies
and enterprise GTI have an inverted U-shaped relationship, and there is an optimal value
of government subsidies for the promotion of firms’ GTI [25].

Policy-oriented financial support can guide and regulate the development of market-
oriented financial support. Government subsidies send positive signals to the market,
increasing the likelihood that firms will obtain funds from financial institutions or external
investors [26,27].

2.3. Evolutionary Game Theory

Recently, researchers have started to apply evolutionary game theory to areas such
as technological innovation and green development. Using a game model comprising
enterprises, banks, and governments, Li (2018) explored the effect of green loans on firms’
GTI, finding that it can improve firms’ willingness to pursue GTI [28]. Silva (2019), mean-
while, used an evolutionary game model comprising enterprises and the government
to investigate policy regulation and firms’ environmental compliance [29]. Chen (2021)
explored the internal and external influences of GTI using an evolutionary game model
involving manufacturing enterprises and the government [30]. Shi (2022) used evolutionary
game theory to analyze the effect of different types of environmental regulations on firms’
GTI and found that market incentive-based regulation was the most effective [31]. Liu
(2024) constructed a three-party evolutionary game model comprising the government,
enterprises, and the public, focusing on subsidies and taxes to explore the suitable path for
addressing the problem of carbon emissions [32].

In summary, while most studies consider financial support in terms of macro-level
financial development, relatively few have explored the path of technological innovation
in terms of micro-level subjects. Such an approach could further define the scope of
financial support at the micro level and explore the effects of different types of financial
support on enterprises’ GTI in terms of fund supply and risk diversification. Regarding
methods, studies have mainly used structural equation modeling, difference-in-differences,
or data envelopment analysis to explore the relationship between financial support and
GTI. Relatively few, however, have used evolutionary game methods. In the studies that do
use evolutionary games, most start from the perspective of the game between enterprises
and the government, the game between enterprises and the public, and a tripartite game
involving all three. These studies also tend to ignore the role of financial institutions in the
GTI system. This study, therefore, considers the financial support provided by financial
institutions and the government, taking the two as independent game participants, and
constructs a tripartite evolutionary game model comprising equipment-manufacturing
enterprises, financial institutions, and the government. It then analyzes the behavioral
strategy selection of each game subject and the evolutionary stabilization strategy under
different initial states. Subsequently, the effect of different financial support paths on firms’
GTI is further analyzed through empirical tests.

3. Evolutionary Game Model Construction
3.1. Basic Model Assumptions

In the system of financial support and GTI, the three main affected parties are equipment-
manufacturing enterprises, financial institutions, and the government [33]. The GTI of Chinese
equipment-manufacturing enterprises is still in the growth stage, the degree of capital financ-
ing is low, and financial support remains an important way for equipment-manufacturing



Sustainability 2024, 16, 7939 4 of 26

enterprises to overcome financing constraints. Support from financial institutions and the gov-
ernment provides new development opportunities for the GTI of equipment-manufacturing
enterprises [34]. The government usually assumes the role of policy-oriented financial support
provider, and financial institutions provide market-oriented financial support. Therefore, the
game subjects are set as equipment-manufacturing enterprises, financial institutions, and the
government. Figure 1 shows the relationship between each game party.
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The basic assumptions of the parameters proposed in this paper, considering the
studies conducted by Li and Gao (2022), Liu et al. (2023), and Gao et al. (2024), are as
follows [35–37].

Assumption 1. The strategy set of enterprises = {GTI, no GTI}; the strategy set of financial institu-
tions = {financial support, no financial support}; the strategy set of the government = {government
support, no government support}.

Assumption 2. The probability of equipment-manufacturing enterprises choosing “GTI” is x
(0 ≤ x ≤ 1). Then, the probability of choosing “no GTI” is 1 − x. The probability of financial
institutions choosing “financial support” is y (0 ≤ y ≤ 1), and the probability of choosing “no
financial support” is 1 − y. The probability that the government chooses “government support” is z
(0 ≤ z ≤ 1), and the probability that it chooses “no government support” is 1 − z.

Assumption 3. On the enterprise side, if the enterprise chooses “no GTI,” revenue from traditional
technology production is R, and its corresponding production cost is Ce1. When the enterprise chooses
the “GTI” strategy, it needs to increase R&D investment and introduce low-carbon equipment,
operations, and maintenance to increase inputs. Its corresponding low-carbon innovation input
cost is P, and it is mainly derived from the financial institution’s loan. At this time, it directly
brings down the enterprise’s energy cost, and the product attributes are changed from traditional
high-carbon products to low-carbon products, which leads to an increase in the enterprise’s overall
income, ∆R. GTI improves the enterprise’s market competitiveness, recognition, and popularity
in the supply chain system, as well as its adaptive capacity, innovation ability, and other spillover
effects, H.

Assumption 4. If financial institutions adopt the strategy of “no financial support” and only
provide conventional financial services for enterprises, their gain is I. Financial institutions that
carry out financial support can provide a lower interest rate level for credit support and can combine
financial elements to form bonds, funds, and other diversified financial instruments to alleviate
financing constraints for firms’ GTI. It is assumed that financial institutions providing financial
support have incremental benefits, ∆I. The provision of financial support by financial institutions
will generate additional business costs Cf, such as the R&D input costs of financial instruments
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and the construction of risk control systems. The financial cost of the financial institutions reflects
the differing strength of the support [38]. When financial institutions adopt the strategy of “no
financial support,” the lack of financial products and services leads to firms relying only on their
own funds or seeking other financing channels, such as nonfinancial institutions. At this time, the
financial cost of the enterprise is M1. When financial institutions carry out “financial support,”
enterprises can obtain more favorable low-cost financing from financial institutions; at this time, the
enterprise’s financial cost is M2.

Assumption 5. Regardless of whether the government sector provides support, there is a basic
government gain W. It is assumed that the provision of government support requires additional
regulatory costs Cg in terms of human, material, and financial resources, including the formulation
of financial and environmental policies and regulations, the construction of a financial regulatory
system, and a GTI system. If the government chooses to provide support, it receives the incremental
benefit ∆W of increased support. At this time, government support will obtain external benefits S,
such as the improvement of the financial system, the improvement of environmental benefits, and
the enhancement of social credibility and government image [39]. If the government chooses not to
provide support, it will not obtain any additional gains.

Assumption 6. According to Wang et al. (2021) and Eghbali et al. (2022), a dynamic reward and
punishment system is an important factor for enterprises to adopt GTI [40,41]. α is the coefficient
of technological innovation support, which measures the support of government departments for
enterprises in carrying out innovation [42]. When firms carry out GTI, they receive innovation
incentive subsidies αA. β is the coefficient of financial support; when financial institutions choose
to provide support, they will receive innovation risk compensation αB. σ is the regulatory penalty
coefficient, measuring government penalties for enterprises and financial institutions [43]. When the
government provides support but a firm does not carry out GTI and still uses traditional high-carbon
production methods, the government will penalize it; assume the amount of punishment is σF. At
the same time, the government will increase investment in environmental governance costs and
other externality costs E. If financial institutions do not follow policy regulations in the processes
of credit preapproval, credit, and post-credit management, the government will penalize them; the
penalty amount is assumed to be σZ.

Assumption 7. If enterprises want financial support from financial institutions, they need to
cooperate with them and undergo compliance reviews. Environmental information disclosure
is an important part of the evaluation system for green financing projects. Assuming that the
quality coefficient of enterprise environmental information disclosure is θ, if the level of enterprise
environmental information disclosure is higher, it indicates that it has more willingness and ability
to pay attention to the enterprise’s capital market performance and brand image. This alleviates
information asymmetry between the enterprise and financial institutions to a certain extent, thus
helping the enterprise obtain credit support and reducing its financing costs [44]. At this time, the
financial cost of enterprises when financial institutions provide financial support is (1 − θ) M2.

Based on the model assumptions, the definition and description of the parameters are
shown in Table 1.

Table 1. Parameter symbols and descriptions.

Parameter Symbol Description of Symbols

x Probability of enterprises choosing GTI, x ∈ [0, 1]

y Probability of financial institutions choosing financial support, y ∈ [0, 1]

z Probability of the government choosing to provide support, z ∈ [0, 1]

R Basic benefits when enterprises choose “no GTI”

∆R Incremental benefits to enterprises from “GTI”
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Table 1. Cont.

Parameter Symbol Description of Symbols

Ce1 Production costs of enterprises adopting traditional technologies

Ce2 Production costs of GTI by enterprises (Ce2 < Ce1)

P Innovation costs for enterprises investing in GTI

H Indirect benefits for firms in terms of development prospects and social reputation

A Innovation incentive grants received by enterprises

F Environmental protection penalties

I Basic benefits when financial institutions choose “no financial support”

∆I Incremental benefits to financial institutions choosing
“financial support”

Cf
Additional operational costs attached to the provision of

“financial support” by financial institutions

M1
The cost of finance to enterprises when financial institutions do not

provide financial support

M2
Financial costs to enterprises when financial institutions provide

financial support (M2 < M1)

G Financial institutions receive additional benefits when companies
implement GTIs

B Innovative risk compensation for financial support by financial
institutions when supported by the government

Z Penalties for the failure of financial institutions to provide financial support as required

θ Coefficient of effect of environmental disclosure quality on financial costs, θ ∈ [0, 1]

W Basic government benefits

Cg
Government support entails additional regulatory costs in terms of

human, material, and financial resources

∆W Incremental benefits to governments when enterprises
choose “GTI”

E Government externality costs when enterprises
choose “no GTI”

S Externality benefits when the government chooses to support, including
financial development, environmental improvements, etc.

α
Coefficient of support for technological innovation, which measures the degree of government

incentives for enterprises, α ∈ [0, 1]

β
Financial support coefficient, which measures the level of government incentives for financial

institutions, β ∈ [0, 1]

σ
Regulatory penalties, which measure the extent to which governments penalize firms and financial

institutions, σ ∈ [0, 1]

3.2. Income Matrix

Based on the model assumptions and parameter settings, the mixed strategy matrix of
enterprises, financial institutions, and the government is constructed, as shown in Table 2.

Combined with the income matrix in Table 2, the replication dynamic equations of
different subjects are calculated:

(1) Assuming that the expected return of enterprises choosing “GTI” is Ue1, the expected
return of enterprises choosing “no GTI” is Ue2, and the average return of an enterprise
is Ue, then
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Ue1 = yz(R + ∆R − Ce2 − P + H − (1 − θ)M2 + αA) + z(1 − y)(R + ∆R − Ce2 − P + H − M1 + αA)
+y(1 − z)(R + ∆R − Ce2 − P + H − (1 − θ)M2) + (1 − y)(1 − z)(R + ∆R − Ce2 − P + H − M1)

(1)

Ue2 = yz(R − Ce1 − σF) + z(1 − y)(R − Ce1 − σF) + y(1 − z)(R − Ce1) + (1 − y)(1 − z)(R − Ce1) (2)

Ue = xUe1 + (1 − x)Ue2 (3)

The equation for the replication dynamics of the enterprise is

F(x) =
dx
dt

= x(1 − x)(Ce1 − Ce2 + H − P + ∆R − (1 − y)M1 − (1 − θ)yM2 + z(αA + σF)) (4)

(2) Assuming the expected return for financial institutions choosing “financial support”
is Uf 1, , the expected return for financial institutions choosing “no financial support”
is U f 2, and the average return for financial institutions is U f , then

U f 1 = xz(I + ∆I − C f + G + βB) + z(1 − x)(I + ∆I − C f − σZ) + x(1 − z)(I + ∆I − C f + G)
+(1 − x)(1 − z)(I + ∆I − C f )

(5)

U f 2 = xz(I + G) + z(1 − x)(I) + x(1 − z)(I + G) + (1 − x)(1 − z)(I) (6)

U f = yU f 1 + (1 − y)U f 2 (7)

The equation for the replication dynamics of financial institutions is

F(y) =
dy
dt

= y(1 − y)
(

∆I − C f − zσZ + xzσZ + xzβB
)

(8)

(3) Assuming that the government’s expected return from choosing “government sup-
port” is Ug1, the government’s expected return from choosing “no government sup-
port” is Ug2, and the government’s average return is Ug, then

Ug1 = xy(W + ∆W − Cg − αA − βB + S) + x(1 − y)(W − Cg − αA + S)
+y(1 − x)

(
W − Cg − E + σF + σZ + S

)
+ (1 − x)(1 − y)(W − Cg − E + σF + S)

(9)

Ug2 = xy(W + ∆W) + x(1 − y)(W) + y(1 − x)(W − E) + (1 − x)(1 − y)(W) (10)

Ug = zUg1 + (1 − z)Ug2 (11)

Table 2. Income matrix of enterprises, financial institutions, and government.

Enterprises Financial Institutions
Government

“Government Support”
(z)

“No Government Support”
(1 − z)

“GTI” (x)

“Financial support” (y)
R + ∆R − Ce2 − P + H − (1 − θ)M2 + aA

I + ∆I − Cf + G + βB
W + ∆W − Cg − αA − βB + S

R + ∆R − Ce2 − P + H − (1 − θ)M2
I + ∆I − Cf + G

W + ∆W

“No financial support” (1 − y)
R + ∆R − Ce2 − P + H − M1 + αA

I + G
W − Cg − αA + S

R + ∆R − Ce2 − P + H − M1
I + G

W

“No GTI”
(1 − x)

“Financial support” (y)
R − Ce1 − σF

I + ∆I − Cf − σZ
W − Cg − E + σF + σZ + S

R − Ce1
I + ∆I − Cf

W − E

“No financial support” (1 − y)
R − Ce1 − σF

I
W − Cg − E + σF + S

R − Ce1
I

W
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The equation for the replication dynamics of the government is

F(z) =
dz
dt

= z(z − 1)(Cg + E − S − xE − yE − σF + xαA + xyE + xσF − yσZ + xyσZ + xyβB) (12)

4. Analysis of Evolutionarily Stable Strategy
4.1. Stability Analysis of Equipment-Manufacturing Enterprises

When F(x) = 0, we can obtain x = 0, x= 1, z = Ce2−Ce1+P−H−∆R+(1−y)M1+(1−θ)yM2
αA+σF ,

and the derived function of F(x) is as follows:

F′(x) = (1 − 2x)(Ce1 − Ce2 + H − P + ∆R − (1 − y)M1 − (1 − θ)yM2 + z(αA + σF))

According to the evolutionary stabilization strategy F(x) = 0 and F′(x) < 0, a
case-by-case discussion is needed:

(1) When z = z∗ = Ce2−Ce1+P−H−∆R+(1−y)M1+(1−θ)yM2
αA+σF , F(0) is constant and equal to

0, which indicates that the current strategy selection is in a steady state and strategy
selection will not continue to evolve.

(2) When z ̸= z∗, it is covered by the following two scenarios:

If z > z∗, it is found that F′(0) > 0 and F′(1) < 0; at this time x = 1 is an ESS. As
time goes by, enterprises will eventually choose the “GTI” strategy.

If z < z∗, F′(0) < 0 and F′(1) > 0; at this time, x = 0 is an ESS. As time goes
by, enterprises will ultimately choose the “no GTI” strategy. The dynamic evolution of
decision-making of equipment-manufacturing firms is shown in Figure 2.
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Based on the above analysis, the following propositions can be derived:

Proposition 1. The financial cost M2 borne by enterprises inversely affects the selection tendency
of green innovation of equipment-manufacturing enterprises. The smaller M2 is, the greater the
tendency of enterprises to select GTI.

Proof of Proposition 1. ∂x∗
∂M2

< 0, x* and M2 have a negative correlation. Therefore, with
the increase of M2, z < z∗, the final enterprise strategy will be formed x = 0. The enterprise’s
strategy is not to carry out GTI. □

It can be concluded that the greater the financial support provided by financial institu-
tions, the more enterprises will tend to choose GTI. Huang (2019) calculated the threshold
value of the enterprise-acceptable green loan interest rate through the evolutionary game
model, proving the effectiveness of bank credit as a way to support GTI [45].

Proposition 2. As the coefficient α of the government’s green innovation input increases, firms
will increase their investment in R&D in technology and thus choose green technology innovation
strategies.
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Proof of Proposition 2. ∂x∗
∂α > 0, x∗ increases as α increases. Therefore, when α rises, at

this time z > z∗, the stabilization point converges to x = 1. □

It can be seen that the greater the government support, the more enterprises will tend
to choose GTI. This finding is consistent with the findings of Wu et al. (2022) and Li et al.
(2022) [46,47].

Proposition 3. The quality coefficient of corporate environmental information disclosure θ,
positively affects the selection tendency of green technology of equipment-manufacturing enterprises.

Proof of Proposition 3. ∂x∗
∂θ > 0, x* increases as θ increases. Therefore, when θ rises, at this

time z > z∗, the stabilization point converges to x = 1. □

The larger the θ, the greater the tendency of enterprises to select GTI. The reason for
this is that the financial institutions’ interest rate setting will be affected by the enterprise’s
environmental information disclosure, which can create a good image for the enterprise. In
this way, it reduces the risk of loans from financial institutions, prompting banks and other
financial institutions to offer lower interest rates and enhance the level of financial support
received by enterprises themselves [48].

4.2. Stability Analysis of Financial Institutions

When F(y) = 0, we can obtain y = 0, y = 1, and x =
C f −∆I+zσZ

zσE+zβB , and the
derived function of F(y) is as follows:

F′(y) = (1 − 2x)(∆I − C f − zσZ + xzσZ + xzβB)

Based on the evolutionary stabilization strategy F(y) = 0 and F′(y) < 0, a
case-by-case discussion is needed:

(1) When x = x∗ =
C f −∆I+zσZ

zσE+zβB , F(0) is constant and equal to 0, which indicates that
the current strategy selection is in a steady state and the strategy selection will not
continue to evolve.

(2) When x ̸= x∗, it can be considered by the following two scenarios:

If x > x∗, it is found that F′(0) > 0 and F′(1) < 0; at this time, y = 1 is an ESS. As
time goes by, financial institutions will ultimately choose the “financial support” strategy.

If x < x∗, it is found that F′(0) < 0 and F′(1) > 0; at this time y = 0 is an ESS.
As time goes by, financial institutions will ultimately choose the “no financial support”
strategy. The evolutionary approach of behavioral choices of financial institutions is shown
in Figure 3.
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4.3. Stability Analysis of Government

When F(z) = 0, we can obtain z = 0, z = 1, and y =
S+xE+σF−Cg−E−xαA−xσF

xE−E−σZ+xσZ+yβB .
The derived function of F(z) is as follows:

F′(z) = (2z − 1)(Cg+ E− S− xE− yE− σF + xαA+ xyE+ xσF − yσZ + xyσZ + xyβB)

According to the evolutionary stabilization strategy F(z) = 0 and F′(z) < 0, a
case-by-case discussion is needed:

(1) When y = y∗ =
S+xE+σF−Cg−E−xαA−xσF

xE−E−σZ+xσZ+yβB , F(0) is constant and equal to 0, which
indicates that the current strategy selection is in a steady state and strategy selection
will not continue to evolve.

(2) When x ̸= x∗, it is considered by the following two scenarios:

If y > y∗, it is found that F′(0) < 0 and F′(1) > 0; at this time, z = 0 is an ESS.
The government will eventually adopt the “no government support” strategy.

If y < y∗, F′(0) > 0 and F′(1) < 0; at this time, z = 1 is an ESS. The government
will eventually adopt the “government support” strategy. The dynamic evolution of
decision-making of government is shown in Figure 4.
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4.4. Stability Analysis of Three-Party Evolutionary Game Systems

From the preceding analysis, we can observe that the system of replication dynam-
ics between enterprises, financial institutions, and the government is constituted by the
following Equations (4), (8) and (12).

F(x) = x(1 − x)(Ce1 − Ce2 + H − P + ∆R − (1 − y)M1 − (1 − θ)yM2 + z(αA + σF))
F(y) = y(1 − y)

(
∆I − C f − zσZ + xzσZ + xzβB

)
F(z) = z(z − 1)(Cg + E − S − xE − yE − σF + xαA + xyE + xσF − yσZ + xyσZ + xyβB)

(13)

The equilibrium points of the system are E1 (0,0,0), E2 (0,0,1), E3 (0,1,0), E4 (0,1,1),
E5 (1,0,0), E6 (1,0,1), E7 (1,1,0), and E8 (1,1,1) from Equation (13). The stability analysis of
the eight replicated dynamic system equilibrium points described above is carried out by
constructing the Jacobi matrix, which is as follows:



(1 − 2x)(Ce1 − Ce2 + H − M1 − P + ∆R + yM1

−yM2 + zαA + zσF + yθM2)
x(1 − x)(M1 − M2 + θM2) x(1 − x)(αA + σF)

y(1 − y)(zσZ + zβB)
(1 − 2y)(∆I − C f − zσZ+

xzσZ + xzβB)
y(1 − y)(−σZ + xσZ + xβB)

z(z − 1)(−E + αA + yE + σF + σyZ + yβB) z(z − 1)(−E + xE − σZ + xσZ + xβB)
(2z − 1)(Cg + E − S − xE − yE−

σF + xαA + xyE + xσF
−yσZ + xyσZ + xyβB)


The stability analysis of the eight pure-strategy equilibria of the evolving system is

carried out according to Lyapunov’s first method; Table 3 shows the results.
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Table 3. Equilibrium point stability analysis.

Evolutionary Pattern Equilibrium Point Eigenvalue Gradual Stabilization of Conditions Stability

Original state

E1(0, 0, 0)
Ce1 − Ce2 + H − M1 − P + ∆R

∆I − Cf
S − Cg − E + σF

Ce1 − Ce2 + H − M1 − P + ∆R < 0
∆I − Cf < 0

S − Cg − E + σF < 0
ESS

E2(0, 0, 1)

Ce1 − Ce2 + H − M1 − P + ∆R + αA +
σF

∆I − Cf − σZ
−(S − Cg − E + σF)

Ce1 − Ce2 + H − M1 − P + ∆R + αA +
σF < 0

∆I − Cf − σZ < 0
S − Cg − E + σF > 0

ESS

E3(0, 1, 0)
Ce1 − Ce2 + H − (1 − θ) M2 − P + ∆R

− (∆I − Cf)
S − Cg + σF + σZ

Ce1 − Ce2 + H − (1 − θ) M2 − P + ∆R <
0

∆I − Cf > 0
S − Cg + σF + σZ < 0

ESS

E4(0, 1, 1)
Ce1 − Ce2 + H − (1 − θ) M2 − P + ∆R +

αA + σF − (∆I − Cf − σZ)
− (S − Cg + σF + σZ)

Ce1 − Ce2 + H − (1 − θ) M2 − P + ∆R
+αA < 0

∆I − Cf −σZ > 0
S − Cg + σF + σZ > 0

ESS

Without support for
innovation patterns E5(1, 0, 0)

−(Ce1 − Ce2 + H − M1 − P + ∆R)
∆I − Cf

S − Cg −αA

−M1 − P + ∆R > 0
∆I − Cf < 0

S − Cg − αA < 0
ESS

Unilateral support for
innovation patterns

E6(1, 0, 1)
−(Ce1 − Ce2 + H − M1 − P + ∆R)

∆I − Cf + βB
−(S − Cg − αA)

−M1 − P + ∆R > 0
∆I − Cf +βB < 0
S − Cg −αA > 0

ESS

E7(1, 1, 0)

−(Ce1 − Ce2 + H − (1 − θ) M2 − P +
∆R)

−(∆I − Cf)
S − Cg −αA − βB

−(1 − θ) M2 − P + ∆R > 0
∆I − Cf > 0

S − Cg − αA − βB < 0
ESS

Joint support for innovation
patterns E8(1, 1, 1)

−(Ce1 − Ce2 + H − (1 − θ) M2 − P + ∆R
+ αA + σF)

−(∆I − Cf + βB)
−(S − Cg − αA − βB)

−(1 − θ) M2 − P + ∆R > 0
∆I − Cf + βB > 0

S − Cg − αA − βB > 0
ESS

Based on the GTI status of equipment-manufacturing enterprises and the support of
financial institutions and governmental parties, four types of evolutionary stabilization
strategies can be discerned. The stabilization points E1 (0,0,0), E2 (0,0,1), E3 (0,1,0), and
E4 (0,1,1), where enterprises do not engage in GTI, are categorized as the original state.
The stabilization strategy E5 (1,0,0) for enterprises to carry out GTI independently without
support from other parties is called the GTI pattern without support. The two stabilization
strategies E6 (1,0,1) and E7 (1,1,0), provided by financial institutions or the government
unilaterally to support firms’ GTI, are categorized as the unilateral support pattern for the
GTI of enterprises. Stabilization strategy E8 (1,1,1), in which financial institutions and the
government jointly support enterprise GTI, is categorized as a model of combined efforts
to support enterprise GTI.

The strategy that best suits the needs of equipment-manufacturing enterprises is E8
(1,1,1), which is the combined support for innovation pattern, while the relatively favor-
able strategy choices are E6 (1,0,1) and E7 (1,1,0), which reflect the unilateral support for
innovation pattern. Under the pattern of combined support for innovation, the support
of financial institutions and the government can help enterprises alleviate financial pres-
sure and promote GTI to eliminate backward production and achieve green, low-carbon
transformation and upgrading, which is conducive to sustainable economic development.
Financial institutions are also able to innovate financial products and services in the process
of providing financial support, better use financial services for the real economy, and
promote the flourishing development of finance. The government can improve the social
and ecological environment and enhance social credibility via the GTI synergy between
financial institutions and enterprises. These eight evolutionary stabilization strategies
might all occur in a real situation, but a benign financial support system can be formed
under the combined support innovation pattern, which has the highest comprehensive
benefits, maximizes social value, and is the ideal state of financial support for GTI.

In conclusion, this part gives the theoretical evidence that financial support affects
enterprises’ GTI based on the three-party group evolution game and provides a micro-
theoretical foundation for subsequent empirical tests based on the Chinese background.
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Under the financial support formed by the combined efforts of the “two main bodies”, the
equipment-manufacturing enterprises will optimize the allocation of resources, strengthen
the capital investment in green technological innovation, and carry out green project
investment so as to realize green innovation.

5. Empirical Analysis

Previously, the evolutionary game model has analyzed the role of financial institutions
and government involvement in the evolution of the GTI system of enterprises. Financial
support, government support, and environmental information disclosure quality are the
key factors affecting green technology innovation. Therefore, based on the analysis of the
evolutionary game theory, this paper takes Proposition 1, Proposition 2, and Proposition
3 proposed by the evolutionary game as the hypotheses to be verified and continues to
further explore the impact of financial support on the green technological innovation of the
equipment-manufacturing enterprises through empirical analysis using the existing data.

5.1. Hypothesis
5.1.1. Credit Market Financial Support and GTI

Based on Proposition 1, the credit support provided by financial institutions can play
the roles of capital compensation, risk sharing, and supplemental supervision. First, the
credit support of financial institutions is more flexible than government support and can
provide basic support and alleviate financing constraints for GTI [49]. Second, financial
institutions can diversify the risk of enterprise GTI projects and realize risk transfer. Finally,
financial institutions provide credit services to equipment-manufacturing enterprises, and
in the follow-up, management can effectively supervise the enterprise’s use of funds
for technological innovation, thus supplementing the insufficient supervision of policy-
oriented financial support. Hypothesis 1 is as follows:

Hypothesis 1 (H1): Credit support has a positive effect on the GTI of equipment-manufacturing
enterprises.

5.1.2. Capital Market Financial Support and GTI

Capital market financial support is an important complement to market-oriented
financial support, which is mainly supported by equity financing in the capital market
for Chinese equipment-manufacturing enterprises. First, equity support can effectively
increase the amount of capital held by enterprises, but it might produce the phenomenon
of overfinancing, leading to the inefficient use of enterprise capital. Second, based on
the principal–agent relationship, management decides how to use the firm’s capital, and
there might be a moral hazard and adverse selection, causing the capital from equity
financing to not be fully invested in GTI. Finally, the total volume of China’s capital market
is small and immature, and short-term speculative behavior and the “herd effect” are
common, hindering the ability to form innovative capital. The special nature of enterprise
R&D activities reduces the willingness of enterprises to disclose information, resulting in
investors having insufficient information to identify the advantages and disadvantages
of innovation projects. This information asymmetry causes enterprises to be reluctant
to increase innovation investment after increases in equity financing [50]. This leads to
enterprise innovation lacking sufficient equity capital support, causing equity support for
firms’ GTI to have an inhibitory effect.

Hypothesis 2 (H2): Equity support has a disincentivizing effect on GTI in equipment-manufacturing
enterprises.

5.1.3. Policy-Oriented Financial Support and GTI

Based on Proposition 2, Government support plays its role in GTI mainly through the
supplementary role of funds, the capital guidance function, and the information transmis-
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sion mechanism. First, compared with the credit support provided by financial institutions,
direct government support covers a wide range of subsidies, although the scale of funds is
obviously insufficient. This type of gratuitous support can provide innovation resources, re-
duce the cost of enterprise GTI, and spread risk [51]. Second, the government can encourage
and guide financial institutions to provide financial support to equipment-manufacturing
enterprises by formulating preferential policies, guiding the flow of capital into the real
economy, and providing capital guidance. Finally, government support can be regarded
as a kind of “endorsement” of equipment-manufacturing enterprises, which can transmit
positive signals. Thus, Hypothesis 3 is as follows:

Hypothesis 3 (H3): Government support has a positive effect on the GTI of equipment-manufacturing
enterprises.

5.1.4. Effect of Environmental Information Disclosure

Environmental information disclosure can reduce information asymmetry between en-
terprises and the external world, which can help enterprises obtain support from financial
institutions and the government, thus supporting firms’ GTI. However, regarding equity
support, Richardson (2001) empirically tested the relationship between environmental
information disclosure and the cost of equity financing, finding that increased environ-
mental information disclosure increases the cost of equity financing [52]. Kumar (2017)
considered that environmental information disclosure might bring carbon risk exposure,
resulting in higher costs for equity financing [53]. Therefore, hypotheses H4a, H4b and
H4c are proposed based on Proposition 3 and considering that environmental information
disclosure may increase the cost of equity financing for enterprises, which is unfavorable
for using equity financing for GTI.

Hypothesis 4a (H4a): The quality of environmental information disclosure can strengthen the
promotion effect of credit support on GTI.

Hypothesis 4b (H4b): The quality of environmental information disclosure can strengthen the
role of government support in promoting GTI.

Hypothesis 4c (H4c): The quality of environmental information disclosure can strengthen the
inhibitory effect of equity support on GTI.

5.2. Variable Selection and Model Construction
5.2.1. Sample Selection and Data Sources

This study takes listed Chinese equipment-manufacturing enterprises spanning 2015–
2022 as the initial sample. Sample selection is based on the following two criteria: (1) Based
on the industry classification standards of the China Securities Regulatory Commission
(2012), eight major industry categories covered by the equipment-manufacturing industry
are selected. (2) Shanghai- and Shenzhen-listed A-share companies are selected as the
sample. The firms’ financial data mainly come from the CSMAR database; patent data
mainly come from the CNRDS database.

5.2.2. Variable Selection

(1) The explained variable in this study is green technology innovation (GTI). Previous
studies divide the indicators of technological innovation into two categories: input
indicators and output indicators. Innovation input indicators are generally selected as
innovation inputs, R&D personnel ratio, and R&D expenditure ratio, and innovation
output indicators are generally selected as the number of patents [54,55]. Compared
with input indicators, innovation output is more representative of an enterprise’s real
GTI results and reduces the subjective influence of enterprise managers’ innovation
decisions. Therefore, this study uses the number of green patent applications inde-
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pendently filed by the sample firms in a given year plus one and takes the logarithm
as a proxy variable for GTI [56,57]. The effect of time lag is taken into account. The
larger the number of green patent applications, the higher the level of GTI.

(2) The explanatory variable in this study is financial support, and the specific financial
support paths are as follows. (1) Credit market financial support (Credit): Referring to
Chen (2019), the bank credit obtained by firms is used as a measure, and the natural
logarithm of the sum of long- and short-term borrowing is used to represent credit
support [58]. (2) Capital market financial support (Stock): Capital market transactions
mainly include the issuance of stocks, bonds, and funds, but the issuance of bonds
and funds in China’s equipment-manufacturing industry is relatively small and is
mainly based on equity support. Therefore, this study uses the natural logarithm of
equity and capital surplus to measure equity support. (3) Policy-oriented financial
support (Gov): Government support includes financial grants and interest subsidies,
as well as preferential policies such as tax rebates. This study takes the total amount
of government subsidies received by a firm as a proxy variable for policy-oriented
financial support.

(3) The following firm-level control variables are selected: Firm size (Size): The natural
logarithm of the firm’s total assets is used to represent firm size; larger firms are more
likely to realize economies of scale and gain financing advantages [59]. Combining
return on total assets (ROA) with the gearing ratio (Lev), a good level of profitability,
and appropriate capital structure are important factors for GTI [60]. Tobin’s Q (TobinQ)
is used to measure the relative value of enterprises. The cash–asset ratio (Cash) is
chosen to measure the cash held by the enterprise. Firms can ensure capital investment
in innovation projects by improving their cash–asset ratio. This study uses the growth
rate of operating income to represent the growth of the enterprise (Growth), which is
a strong indicator of the transformation of the enterprise’s technological innovation
results. Table 4 presents the descriptive statistics of all variables.

Table 4. Descriptive statistics of the variables.

VarName Obs Mean Std Dev Min Max Unit

GTI 6554 0.5896 0.9977 0.0000 6.6161 Pieces
Credit 6554 18.7051 4.3641 0.0000 25.5557 No unit
Stock 6554 21.1075 0.9880 18.7997 25.2603 No unit
Gov 6554 16.7015 1.4011 9.9035 22.4205 No unit
Size 6554 22.1951 1.1779 18.6114 27.6211 No unit
ROA 6554 0.0431 0.0687 −0.7426 1.2848 %
Lev 6554 0.4186 0.1710 0.0198 1.1122 %

TobinQ 6554 2.0797 1.2859 0.7377 16.6472 No unit
Cash 6554 0.6496 1.1010 0.0018 32.1075 %

Growth 6554 0.2883 5.4451 −0.8625 429.0361 %

5.2.3. Econometric Model

The following two-way fixed-effects model is constructed based on the hypotheses:

GTIit = α0 + α1Finit + φCVsit + ∑ Companyi + ∑ Yeart + εit (14)

GTIit = α0 + α1Stockit + φCVsit + ∑ Companyi + ∑ Yeart + εit (15)

GTIit = α0 + α1Govit + φCVsit + ∑ Companyi + ∑ Yeart + εit (16)

Considering the cross-effects of various types of financial support in real situations,
Model (17) reflects the effect of various financial support variables on the GTI of equipment-
manufacturing enterprises under the simultaneous effect of the relationship:

GTIit = α0 + α1Finit + α2Stockit + α3Govit + φCVsit +∑ Companyi + ∑ Yeart + εit (17)
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ΣCompanyi and ΣYeart represent individual fixed effects and time-fixed effects, re-
spectively; εit is the error term, i stands for equipment-manufacturing enterprises, and t
stands for time.

5.3. Empirical Test and Results
5.3.1. General Regression Analysis

As shown in Table 5, Model (1) tests the effect of credit support on enterprises’ GTI.
Credit support and GTI have a significant positive correlation at the 5% level, indicating that
credit support provided by banks and other financial institutions can alleviate financing
constraints, diversify innovation risks, and promote the improvement of enterprise GTI.
H1 is confirmed.

Table 5. Regression results of financial support on GTI.

Variables
(1) (2) (3) (4)

GTI GTI GTI GTI

Credit 0.0064 ** 0.0061 **
(2.04) (1.97)

Stock −0.1729 *** −0.1671 ***
(−2.87) (−2.81)

Gov 0.0291 ** 0.0284 **
(2.24) (2.19)

Size 0.0863 ** 0.2434 *** 0.0734 ** 0.2049 ***
(2.40) (3.75) (2.03) (3.21)

ROA −0.0688 −0.3016 ** −0.0759 −0.2905 *
(−0.58) (−2.02) (−0.64) (−1.96)

Lev 0.1536 −0.1387 0.2055 −0.1644
(1.16) (−0.81) (1.60) (−0.95)

TobinQ 0.0229 ** 0.0209 ** 0.0217 ** 0.0211 **
(2.48) (2.25) (2.34) (2.25)

Cash 0.0148 0.0130 0.0116 0.0169 *
(1.53) (1.38) (1.24) (1.68)

Growth 0.0027 *** 0.0027 *** 0.0027 *** 0.0027 ***
(3.87) (3.96) (4.03) (4.03)

_cons −1.6367 ** −1.2317 −1.7350 ** −1.0671
(−2.12) (−1.61) (−2.27) (−1.39)

Year FE YES YES YES YES
Company FE YES YES YES YES

n 6554 6554 6554 6554
R2 0.025 0.027 0.025 0.029

Note: *** p < 0.01, ** p < 0.05, * p < 0.1; FE: fixed effect.

Model (2) tests the effect of equity support on enterprise GTI. The regression results
show that the capital market’s financial support has a significant negative relationship with
firms’ GTI, indicating that equity financing from the capital market inhibits GTI. These
results confirm H2.

Model (3) reflects the effect of policy-oriented financial support on enterprises’ GTI.
The coefficient of government support on enterprise GTI is significantly positive at the 5%
level. As an external promoter of enterprise GTI, the stronger the government support for
enterprises, the greater the willingness of enterprises to carry out GTI. This can, to a certain
extent, alleviate the risks and adjustments of enterprises facing innovation problems. Its
unique signaling effect can prompt other subjects in the market to inject funds into the
enterprise, alleviate the enterprise’s external financing pressure, and support GTI. H3 is
verified.

Model (4) considers the combined effect of credit support, equity support, and govern-
ment support on enterprises’ GTI. Its regression results are consistent with the previous
analysis.
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5.3.2. Robustness Test

To test the reliability of the empirical results, the following methods are selected for
robustness testing.

First, change the explanatory variables. In the first column of Table 6, the measure of
GTI is replaced by selecting the number of green invention patent applications indepen-
dently filed by sample firms in a given year plus one; the logarithm of the number of green
invention patents filed is taken as a proxy variable [61]. The re-regression is consistent with
the previous results.

Table 6. Robustness test results.

Variables

(1) (2) (3)

Change Explained
Variable

Adjust Sample
Period

Adjust Estimation Method
Logit Tobit

GTI GTI GTI GTI

Credit 0.0041 * 0.0081 *** 0.0375 ** 0.0213 ***
(1.88) (2.72) (2.33) (3.27)

Stock −0.1315 *** −0.1575 ** −0.5498 ** −0.4030 ***
(−3.54) (−2.30) (−1.99) (−3.53)

Gov 0.0226 ** 0.0348 ** 0.1356 * 0.0829 ***
(2.15) (2.34) (1.87) (2.71)

Size 0.1407 *** 0.1749 ** 0.5289 * 0.4457 ***
(3.50) (2.30) (1.74) (3.55)

ROA −0.1779 −0.1238 −0.8003 −0.5661
(−1.42) (−0.67) (−0.85) (−1.39)

Lev −0.1219 −0.0621 −0.0470 −0.1968
(−1.06) (−0.31) (−0.06) (−0.55)

TobinQ 0.0203 *** 0.0245 * 0.0035 0.0297
(2.75) (1.91) (0.06) (1.27)

Cash 0.0163 0.0234 * 0.1537 * 0.0714 **
(1.64) (1.65) (1.80) (2.05)

Growth 0.0021 * 0.0026 *** 0.0077 0.0064 *
(1.74) (3.03) (0.96) (1.67)

_cons −0.4832 −0.8173 −8.4594
(−0.96) (−0.98) (−0.01)

Year FE YES YES YES YES
Company FE YES YES YES YES

n 6554 4675 3081 6554
R2 0.024 0.024 0.0272 0.4713

Note: *** p < 0.01, ** p < 0.05, * p < 0.1; FE: fixed effect.

Second, adjust the sample time range. To exclude the noise interference of non-routine
major macro public events, this study excludes the observed data of 2020 and 2021 and
then re-regresses them. The regression results of Model (2) are consistent with the basic
regression and pass the robustness test.

Third, adjust the estimation method. Construct a dummy variable for GTI, which is
1 if the enterprise carries out GTI and 0 otherwise; replace the logit model for regression.
Since there could be a large number of 0 values for the explanatory variable GTI, and there
might be a left-truncated feature at the 0 point, the Tobit model is used again for regression.
From the regression results of the different models, the significance of credit support, equity
support, and government support remains consistent with the previous findings, indicating
that the results have a certain degree of robustness.

5.3.3. Endogeneity Test

Endogeneity problems can lead to biased model estimates. Considering the possible
reverse causality between credit support, government support, and enterprises’ GTI, to
enhance the robustness of the results, the instrumental variable (IV) method is used for
endogeneity testing.

Drawing on Lewbel [62], this study selects the third power of the difference between
the mean of credit market financial support and credit market financial support as the
IV. IV = (Credit − Credit mean)3. Meanwhile, this study selects a one-period lag of
government support for the IV test.
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The results of two-stage least-squares regression show that in the first-stage regression,
the coefficient of the influence of IVs on financial support in the credit market is significant at
the 1% level, which is a positive correlation, and the F value is greater than 10, which meets
the correlation requirements between IVs and endogenous variables. From the second-stage
regression, the replaced credit market financial support has the same significant positive
effect on GTI, and the IV passes the unidentifiable test and the weak IV test, demonstrating
that the selected IV is effective and that the results of the benchmark regression are robust
and reliable. Government support similarly passes the endogeneity test (see Table 7).

Table 7. Endogeneity test results.

Variables

Credit Support Government Support

First-Stage Second-Stage First-Stage Second-Stage

Credit GTI Gov GTI

IV 0.0026 *** 0.1347 ***
(160.42) (5.34)

Credit 0.0058 *
(1.80)

Gov 0.1966 *
(1.65)

Size 1.0845 *** 0.0873 ** 0.7570 *** −0.0892
(19.92) (2.44) (12.78) (−0.82)

ROA −0.6653 *** −0.0693 0.0352 0.0659
(−3.08) (−0.58) (0.14) (0.40)

Lev 4.2397 *** 0.1578 −0.1659 0.2502
(17.67) (1.19) (−0.90) (1.46)

TobinQ −0.0139 0.0229 ** 0.0156 0.0138
(−0.91) (2.47) (1.12) (1.23)

Cash −0.0215 0.0145 −0.0557 * 0.0547 **
(−0.46) (1.51) (−1.65) (2.18)

Growth −0.0001 0.0027 *** −0.0126 −0.0038
(−0.29) (3.88) (−0.47) (−0.91)

n 6359 6359 4300 4300
Year FE YES YES YES YES

Company FE YES YES YES YES
First-stage F

statistic 25,736.02 *** - 28.51 *** -

KP-LM 206.24 *** 206.24 *** 21.24 *** 21.236 ***
CD-Wald-F 63,059.27 63,059.27 70.88 70.88

Note: *** p < 0.01, ** p < 0.05, * p < 0.1; FE: fixed effect.

5.4. Further Analysis: Heterogeneity Test
5.4.1. Heterogeneity of Environmental Disclosure

The higher the quality of environmental information disclosure, the greater the promo-
tion of enterprise GTI [63]. Drawing on Kim and Verrecchia [64], the KV index is calculated
to measure the quality of environmental information disclosure. The median is used as
a threshold variable to divide the group into high-quality environmental disclosure and
low-quality environmental disclosure; Table 8 shows the results.

The effects of credit and government support on the GTI of firms with high-quality
environmental information levels are significant at the 5% level and 1% level, respectively.
We can see that environmental information disclosure effectively reduces information
asymmetry between enterprises and financial institutions and the government, facilitates
recognizing the real situation of enterprises, and reduces the additional risk premium
of financial institutions in providing financial support. At the same time, it enhances
the identifiability of the enterprise itself, which helps firms obtain subsidy support and
improves their GTI through its unique signaling effect and resource supply attribute.
Environmental information disclosure can effectively alleviate the financing constraints
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faced by enterprises. H4a and H4c are supported. The coefficient of the effect of high-quality
environmental disclosure on enterprise equity support is significantly negatively correlated,
which is consistent with the results of the base regression. High-quality environmental
information disclosure might amplify its own risk, making the risk premium demanded
by investors higher. The cost of equity capital rises, which is not conducive to enterprises’
GTI. We can see that the quality of environmental information disclosure significantly
strengthens the inhibitory effect of capital market financial support on enterprises’ GTI.
H4b is supported.

Table 8. Heterogeneity test based on the quality of environmental information disclosure.

Variables

(1) (2) (3) (4) (5) (6)

High Low High Low High Low

GTI GTI GTI GTI GTI GTI

Credit 0.0100 ** 0.0049
(2.25) (1.13)

Stock −0.2270 ** −0.1021
(−2.29) (−1.09)

Gov 0.0617 *** −0.0019
(2.88) (−0.11)

Size 0.1325 ** 0.0314 0.3093 *** 0.1395 0.0886 0.0436
(2.11) (0.71) (3.27) (1.34) (1.41) (0.92)

ROA −0.1264 −0.0359 −0.3561 * −0.2169 −0.0936 −0.0527
(−0.81) (−0.16) (−1.88) (−0.74) (−0.59) (−0.23)

Lev 0.4731 * −0.0190 0.1515 −0.2001 0.5635 ** 0.0205
(1.94) (−0.11) (0.57) (−0.70) (2.35) (0.12)

TobinQ 0.0438 ** 0.0066 0.0409 ** 0.0055 0.0400 ** 0.0066
(2.58) (0.66) (2.40) (0.54) (2.36) (0.66)

Cash 0.0400 −0.0024 0.0360 −0.0042 0.0353 −0.0047
(1.31) (−0.27) (1.18) (−0.47) (1.17) (−0.52)

Growth 0.0034 *** −0.0123 0.0034 *** −0.0118 0.0032 *** −0.0124
(11.57) (−1.55) (11.61) (−1.62) (11.13) (−1.56)

_cons −2.8618 ** −0.3489 −1.6558 −0.4194 −2.7607 ** −0.5162
(−2.06) (−0.38) (−1.11) (−0.46) (−1.99) (−0.56)

Year FE YES YES YES YES YES YES
Company

FE YES YES YES YES YES YES

n 2887 3668 2887 3668 2887 3668
R2 0.039 0.022 0.041 0.022 0.041 0.021

Note: *** p < 0.01, ** p < 0.05, * p < 0.1; FE: fixed effect.

5.4.2. Heterogeneity in Market Competition Intensity

When an enterprise is in a highly competitive market, the fierce competition will
increase the elimination pressure faced by enterprises. Thus, firms will pay more attention
to enhancing their innovation ability and more urgently carry out GTI to obtain core
competitiveness. To explore the effect of market competition intensity on financial support
for enterprises’ GTI, the Herfindahl–Hirschman Index (HHI) is selected to reflect the market
competition intensity faced by enterprises [65]. Using its median as the threshold variable,
the research sample is divided into a strong market competition group and a weak market
competition group.

As shown in Table 9, credit support and government support have a significant
positive effect on enterprises with strong market competition, indicating that the intensity
of market competition can positively regulate the promotion effect of credit support and
government support on GTI. Compared with firms under weak market competition, those
under strongly competitive conditions can more effectively use financial institutions and
the government for financial support and pursue GTI to achieve green transformation to
cope with competition. Equity support is significant at the 5% confidence level, consistent
with the basic regression structure. High-intensity market competition can reduce external
regulatory costs and information asymmetry, while capital market investors also have
more opportunities to grasp the potential risks faced by enterprises. This suggests that the
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intensity of external market competition significantly strengthens the inhibitory effect of
equity support.

Table 9. Heterogeneity test based on the intensity of competition in the market

Variables

(1) (2) (3) (4) (5) (6)

Strong Weak Strong Weak Strong Weak

GTI GTI GTI GTI GTI GTI

Credit 0.0116 ** 0.0005
(2.58) (0.10)

Stock −0.2155 ** −0.1179
(−2.29) (−1.55)

Gov 0.0321 * 0.0231
(1.71) (1.23)

Size 0.1060 ** 0.1086 * 0.3046 *** 0.2106 ** 0.0960 * 0.0907
(2.13) (1.88) (3.08) (2.39) (1.90) (1.60)

ROA −0.0906 −0.0760 −0.3903 * −0.2358 −0.0790 −0.0781
(−0.49) (−0.42) (−1.65) (−1.11) (−0.43) (−0.43)

Lev 0.0459 0.2376 −0.3048 0.0110 0.1410 0.2476
(0.23) (1.28) (−1.16) (0.04) (0.73) (1.36)

TobinQ 0.0413 ** 0.0100 0.0389 ** 0.0091 0.0390 ** 0.0099
(2.53) (0.89) (2.43) (0.80) (2.37) (0.88)

Cash 0.0210 0.0068 0.0168 0.0080 0.0149 0.0073
(1.41) (0.45) (1.29) (0.52) (1.18) (0.48)

Growth 0.0031 *** −0.0076 0.0031 *** −0.0074 0.0030 *** −0.0078 *
(8.95) (−1.60) (9.09) (−1.58) (9.63) (−1.68)

_cons −2.1673 ** −1.9966 −1.6706 −1.6620 −2.3063 ** −1.9781
(−2.00) (−1.62) (−1.56) (−1.36) (−2.16) (−1.63)

Year FE YES YES YES YES YES YES
Company

FE YES YES YES YES YES YES

n 3497 3057 3497 3057 3497 3057
R2 0.032 0.025 0.032 0.026 0.029 0.025

Note: *** p < 0.01, ** p < 0.05, * p < 0.1; FE: fixed effect.

6. Discussion
6.1. Discussion of Evolutionary Game Analysis

This paper constructs a three-party evolutionary game model of equipment-manufacturing
enterprises, financial institutions, and the government. By analyzing the stability of each subject
and the system of replicated dynamic equations, the article explores the key influencing factors
and role mechanisms of GTI of equipment-manufacturing enterprises, puts forward relevant
propositions, and discusses the optimal mode of financial support acting on GTI, which can be
found:

(1) In the evolutionary system of financial support for the GTI of equipment-manufacturing
enterprises, the three groups—equipment-manufacturing enterprises, financial insti-
tutions, and the government—can reach a stable evolutionary state in the three-way
evolutionary game, and the strategic choice of each game subject will change with the
behavioral, strategic choice of the other two subjects.

(2) Financial support and government support can positively affect the willingness of
equipment-manufacturing enterprises to carry out GTI. Lower financial costs or
higher government subsidies represent stronger support from financial institutions
and the government. If enterprises can obtain the support, enterprises can offset
the innovation costs with the additional benefits of GTI, and then they will be more
active in green technology innovation. At this time, market-oriented financial support
and policy-oriented support can effectively release the incentive effect of innovation
revenue, forcing equipment-manufacturing enterprises to accelerate technology re-
search and development or the production of green and low-carbon products and
then promote the green transformation of enterprises.

(3) The quality of environmental information disclosure plays a reinforcing role in the
process of financial support for enterprises’ GTI. Environmental information disclo-
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sure does not directly affect green technological innovation but uses its market signals
to guide enterprises to standardize their own behavior, enhance the attractiveness of
enterprises to external investors, and help enterprises obtain financial support to pro-
mote technological innovation. Improving the quality of environmental information
disclosure can help enterprises gain a proactive advantage in market competition and
promote green technological innovation.

(4) In the whole evolutionary system, four evolutionary patterns can be summarized:
original state, no support for innovation, unilateral support, and combined support.
Under the model of joint support for enterprises’ GTI, financial institutions provide
market-oriented financial support, and the government provides policy-oriented
financial support. The two are synchronized and coupled to promote GTI, in which
the government’s support can play the role of macro-level regulation and control,
and the enterprises and financial institutions reach a stable synergy state, jointly
influenced by the government, thus forming a virtuous circle with the greatest social
value. E8 (1,1,1) is the ideal state in this study, and its corresponding evolutionary
strategies are “GTI,” “financial support,” and “government support.” The effect of
financial support on GTI can be realized through the path of the combination of
market-oriented financial support and policy-oriented financial support.

6.2. Discussion of Empirical Analysis

The analysis of the evolutionary game model provides a theoretical foundation. Based
on the panel data of listed companies in China’s equipment-manufacturing industry, this
paper further empirically analyzes the impact of various types of financial support paths
on the role of green technological innovation and mainly discusses the following:

(1) Credit support has a significant role in promoting green technological innovation
in the equipment-manufacturing industry. Green technological innovation requires
continuous capital injection, and there is a high demand for capital in both the start-up
stage of innovation activities and the transformation stage of achievements. And the
capital deposit will affect the willingness of enterprises to carry out green technological
innovation. The theoretical analysis in the evolutionary game provides us with
the theoretical basis for this conclusion. The conclusion is further verified by the
actual data of Chinese equipment-manufacturing enterprises that credit support can
play a positive guiding role in green technology innovation. Adequate financial
support, such as bank funds, can effectively alleviate the financing constraints of
green technological innovation by directly increasing the capital stock of enterprises
and improving the information asymmetry problem of enterprises in the R&D process,
thus promoting green technological innovation. This result was also confirmed by Lu
et al. (2022) and Fang (2024) [66,67].

(2) Government support has a significant role in promoting GTI in the equipment-
manufacturing industry. Evolutionary game theory analysis and empirical findings
coincide with the views of these scholars, such as Li et al. (2019). and Li et al.
(2021) [68,69]. The support provided by the government has the attributes of both
signals and resources, which is crucial for GTI. The empirical test found that govern-
ment subsidies can alleviate the financial pressure on enterprises, diversify the risk
of enterprises to carry out innovative activities and improve the level of GTI. The
reasons for this are the following two aspects. First, under the resource attribute, the
capital increment provided by government subsidies to enterprises is characterized
by gratuitousness and directness, which can compensate for the loss of technological
innovation failure to a certain extent, thus promoting the willingness of enterprises to
bear the high risk of GTI activities. Second, under the signal attribute, government
subsidy play can send signals to external capital markets about the specific technologi-
cal advantages and low-carbon advantages of enterprises. This signal can enhance the
financial institutions’ external capital market investors for the enterprise’s investment
information, enhance the enterprise’s financing ability, and also improve the level
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of financial support that enterprises can obtain, helping equipment-manufacturing
enterprises for green innovation.

(3) Equity support has a disincentive effect on GTI in the equipment-manufacturing
industry. The reasons could be that, first, equity financing is cheaper and finances
a larger amount of capital than debt financing. When an enterprise obtains a large
amount of funds, how to use the funds becomes a key issue. There could be a
failure to invest equity-backed funds in GTI projects, leading to redundancy and a
decline in the utilization rate of funds. Second, technological innovation activities
are characterized by high investment and high risk. The information asymmetry
between investors and enterprises on technological innovation issues and the unequal
status between investors and enterprises can lead to adverse selection and moral
hazard problems. When managers believe the current business environment is not
good, in consideration of personal reputation, they will shift funds from R&D and
innovation projects with high uncertainty to financial projects with less risk, reducing
the possibility of investment failure [70,71]. Finally, the volatility of China’s capital
market is large, and equity financing is more susceptible to fluctuations owing to
vibrations in the capital market compared with bond financing, thus weakening the
capital market’s role in supporting GTI.

(4) In the heterogeneity analysis, we further discuss the effects of environmental infor-
mation disclosure and market competition intensity in the relationship related to
financial support for green technology innovation. Environmental information disclo-
sure is a reflection of the degree of green preference and environmental governance
within the enterprise, which is crucial to the sustainable development of the enter-
prise [72]. Based on the theoretical analysis of the evolutionary game, we consider that
environmental information disclosure can improve the level of green technological
innovation of enterprises, and from that, it influences the role of various types of
financial support on green technological innovation. A high level of environmental
information disclosure can elevate a firm’s profile, help it obtain more credit support
and government support, reduce GTI costs, and thus improve green innovation out-
put [73]. However, a high level of environmental information disclosure might also
expose the firm’s risks, causing investors to exhibit short-term speculative behavior
and the “herd effect”, thus affecting innovation capital formation and enhancing the
inhibiting effect of equity support.

(5) From the external perspective of enterprises, the intensity of market competition
reflects the degree of urgency of enterprises on green technology innovation and
the degree of demand for external financial support. Through the empirical data
test, we find that the intensity of market competition can enhance the role of various
types of financial support for green technology innovation. The intensity of market
competition can enhance the effect of various types of financial support on GTI. Under
strong market competition, firms can more effectively use financial institutions and
the government for financial support and more rapidly pursue GTI to achieve green
transformation and cope with market competition [74]. At the same time, investors
in the capital market have more opportunities to grasp the potential risks faced
by enterprises, and market competition strengthens the inhibitory effect of equity
support.

7. Conclusions and Policy Implications
7.1. Main Conclusions

GTI can help achieve the goals of sustainable development [75]. This study investi-
gated the relationship between financial support and GTI of equipment-manufacturing
enterprises. There are two research objectives: first, to find the key influencing factors of
GTI and the best mode that can realize financial support to promote GTI; second, to assess
the impact of different financial support approaches on GTI of enterprises. Based on this,
this paper first uses the evolutionary game method to dynamically analyze the relationship
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between the GTI behavior of equipment-manufacturing enterprises, financial institutions,
and government support behavior. We deeply excavate the key influencing factors affecting
the GTI of the equipment-manufacturing industry, seek the best path of financial support
for GTI, and theoretically analyze the micro-mechanism of financial support for GTI. Sec-
ond, based on the empirical data of listed companies in China’s equipment-manufacturing
industry, the magnitude and direction of the roles between credit support, government
support, equity support, and green technology innovation are examined. In addition,
the differences in the above effects between high-quality and low-quality environmen-
tal information disclosure enterprises, and strong market competition and weak market
competition enterprises are further analyzed. The main conclusions are as follows:

(1) In the three-party evolutionary game model, the strategic choices of the parties
interact with each other, and the support provided by financial institutions and
the government is conducive to promoting the strategic choices of enterprises’ green
technological innovation. Financial support and environmental information disclosure
can reduce the financial cost of enterprise green technology innovation and further
strengthen the tendency of enterprises to choose green technology innovation. The
joint support innovation model is the best realization path of financial support for
green technological innovation. The combined support innovation pattern can form a
benign green cycle of “active market” and “active government”, which can support
firms’ GTI and realize the maximum social value.

(2) The empirical tests show that there are significant differences in the effect of different
financial support paths on the GTI of equipment-manufacturing enterprises. Credit
support and government support have a significant positive effect on firms’ GTI,
while equity financing has a negative effect, which remains consistent across multiple
robustness tests.

(3) Environmental information disclosure and market competition intensity play an
important moderating role in the relationship between financial support and green
technological innovation. Credit support and government support show differentiated
effects, helping enterprises with high-quality environmental information disclosure
and strong market competition to boost green technological innovation and discour-
aging green technological innovation in enterprises with low-quality environmental
information disclosure and weak market competition. Equity support, on the other
hand, inhibits green technological innovation in enterprises with high disclosure
quality and fierce market competition.

7.2. Policy Implications

Based on the findings, this study proposes the following measures:

(1) Optimize capital allocation and effectively use financial support. The equipment-
manufacturing industry should be able to leverage its external financing channels and
optimize its internal capital allocation to improve the efficiency of its use of funds and
alleviate its financing constraints.

(2) Establish and improve the environmental information disclosure system. If the
equipment-manufacturing industry can improve its environmental information dis-
closure, it can help investors to better understand the actual situations of enterprises.
This is also conducive to the regulatory control of banks and the government. It can
enhance the visibility of firms in the capital market, alleviate information asymmetry
between firms and external investors, and help equipment-manufacturing enterprises
obtain adequate financial support.

(3) Strengthen financial support in the credit market. Financial institutions can pro-
vide differentiated interest rate support for different types of green enterprises or
GTI projects and strengthen credit support for high-quality green enterprises. In
addition, green financial product innovation promotes GTI by carbon-intensive enter-
prises. Financial institutions should explore financial products suitable for equipment-
manufacturing enterprises to reduce their GTI financing costs.
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(4) Strengthen the capital guidance function of policy-oriented financial support. By
optimizing subsidies and tax incentives, the government can give full play to its
regulatory role, aiming to improve policy support for firms’ GTI and guide various
types of capital flow into the real economy to alleviate GTI financing constraints.

7.3. Limitations and Future Research

This study has some limitations. Financial support for GTI is a complex system in-
volving multiple stakeholders and different mechanisms. This study mainly focuses on the
game relationship between equipment-manufacturing enterprises, financial institutions,
and the government; future research can consider game relationships between other stake-
holders. Meanwhile, the payment function settings of the game subjects of all parties in the
model can be improved to bring them closer to reality and to better explain reality. Second,
this study considers the direct relationship between financial support and firms’ GTI. How-
ever, the effect path of financial support is complex, and more factors can be considered in
future research to better explore the mechanisms and quantify the relationship between the
two. In addition, forms of financial support are diverse. This study only considered credit
support, equity financing, and government support. Future work can enrich the path of
financial support to study the relationship between financial support and GTI in greater
detail.
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