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Abstract

In this study, we examine the impact of government green subsidies on corporate ESG performance.
We employ the method of double machine learning for causal inference. We use all A-share listed
companies in China from 2013 to 2023 as the research sample. After excluding financial and
insurance companies, those in ST/*ST/PT status, and those with missing key indicators, we
ultimately obtain 2,337 sample observations. Our baseline results based on double machine learning
reveal government green subsidies significantly enhance corporate ESG performance. The
findings suggest that this reduction occurs notably through the mediating variables of digital
technology innovation and technology conversion efficiency. We also introduce heterogeneous
dimensions such as the level of digital inclusive finance, the intensity of environmental
regulations, and the scale of enterprises. Meanwhile, we adopt multiple robustness test methods,
including changing the dependent variable, excluding data from special years, controlling for
exogenous policy shocks, using instrumental variable methods, and resetting the double machine
learning model —adjusting the sample partition ratio from the original 1:4 to 1:9 and replacing
the prediction algorithm from random forest to gradient boosting, lasso regression, and
ensemble machine learning methods—to ensure the reliability and scientific nature of the
research conclusions. Additional tests indicate that the regression coefficient remains positive
and is significant, indicating the robustness of our conclusions. This research offers implications
for further optimizing the design of government green subsidy policies, and to promote the
improvement of enterprises’” ESG performance and economic green transformation.

Keywords: double machine learning; government green subsidies; corporate ESG performance;
digital technology innovation; technology conversion efficiency

1. Introduction

Government green subsidies are financial support measures implemented by governments
through funding grants, tax reductions, and other means to encourage enterprises to invest in green
innovation, green technologies, and green management practices, thereby promoting environmental
protection and sustainable development (C. Wang et al, 2022). China has long neglected
environmental costs in economic development, resulting in an extensive industrial growth model
that has led to increasingly severe environmental pollution. To achieve harmonious coexistence
between the economy and the environment, the Chinese government has increasingly emphasized
green innovation and industrial green transformation in recent years (Imperiale et al., 2023). The core
objective of government green subsidies is to alleviate financial pressures on enterprises in green
technology R&D and management innovation through financial support, thereby enhancing their
capacity for green development (X. Yu et al., 2022). However, implementation challenges remain in
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the process of government green subsidies. Some enterprises may develop dependency on
government funds after receiving subsidies, reducing their enthusiasm for independent innovation
(Han et al., 2024). The efficiency of subsidy utilization may vary depending on differences in
enterprise scale and green management capabilities, with some companies potentially underutilizing
allocated funds (Y. Li et al., 2020). When formulating green subsidy policies, governments fully
consider heterogeneous characteristics of enterprises, such as pollution intensity, factor intensity, and
lifecycle factors, to improve policy precision and effectiveness (Song & Yan, 2023).

Environmental, Social and Governance (ESG) performance is a crucial indicator for measuring
a company’s sustainable development capabilities and social responsibility fulfillment. ESG
performance reflects a company’s efforts and achievements in environmental protection, social
responsibility, and corporate governance, which helps enhance its social image and brand value (Cai
et al., 2023). Good ESG performance can attract more investor attention, especially from institutional
investors who prioritize long-term value and social responsibility, thereby reducing corporate
financing costs and improving capital market recognition (Bin-Feng et al., 2024). ESG performance is
also closely related to a company’s risk management and long-term profitability. By optimizing ESG
performance, companies can better identify and address environmental and social risks, thereby
achieving sustainable development (Imperiale et al., 2023). With global emphasis on environmental
protection, green transformation, and sustainable development, corporate ESG performance has
become a key indicator for assessing their comprehensive strength and growth potential (Madison &
Schiehll, 2021). In this context, governments encourage companies to improve ESG performance
through policy measures such as green subsidies, promoting corporate green transformation.
Therefore, how to advance corporate green transformation during economic growth to enhance ESG
performance has become a significant challenge and unavoidable issue for China’s high-quality
economic development.

Under the green development strategy, government green subsidies serve as a key policy tool
that drives corporate low-carbon transitions and supports sustainable economic growth. These
subsidies provide financial support to guide enterprises in environmental R&D, energy conservation,
emission reduction, and green production, with potential to enhance environmental performance and
accelerate green upgrades. They act as a safeguard for the transformation of traditional high-energy-
consuming enterprises (J. Wang, Ma, et al., 2023). Zahid et al. (2022) suggests that their effectiveness
and value should be assessed through scientific methods like cost-benefit analysis to measure how
subsidies boost corporate green investments and pollutant reductions. Existing empirical studies on
accounting treatment and information disclosure of government green subsidies have proposed
solutions such as separate reporting and establishing special accounting mechanisms, providing
robust support for corporate standardization of green financial accounting and government
strengthening of subsidy supervision (Jiang et al., 2021). The promoting effect of government green
subsidies on corporate green development has been thoroughly validated (Li et al., 2020). However,
the intrinsic relationship between government green subsidies and corporate ESG performance
remains underexamined. Methodologically, traditional econometric models (e.g., DID, fixed effects
model) remain mainstream tools for analyzing green subsidy effects (Mahesh, 2020), while cutting-
edge models like dual machine learning are gradually expanding research paradigms, offering new
pathways to precisely identify causal relationships between subsidy policies and corporate green
performance.

ESG has achieved vigorous development since its inherent nature of sustainable development
and long-term value growth perfectly aligns with the intrinsic needs of value creation in current
business practices. Zhao and Cai (2023) proposed that ESG indicators are not an evaluation metric
based on corporate financial fundamentals, but rather a novel assessment system measuring a
company’s green development philosophy, corporate social responsibility, and management
capabilities. Therefore, ESG indicators provide certain guidance for investment (D. Zhang et al.,
2023). In contrast, Western scholars’ research on ESG tends to focus more on practical aspects such as
responsible investment and corporate performance (Clément et al., 2022), while China’s ESG studies
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predominantly explore the necessity of ESG disclosure and the consequential impacts of ESG (L. Yu
et al., 2024). Existing literature on corporate ESG performance research mostly concentrates on
analyzing the economic consequences of ESG performance, which primarily include financial
performance, corporate value, and efficiency (H. Liu & Lyu, 2022). Most studies hold a positive and
affirmative attitude toward the impact of ESG (Dai & Zhu, 2024). However, research on the
antecedent factors influencing corporate ESG performance remains relatively limited. Traditional
methods mainly involve Ordinary Least Squares (OLS), Difference-in-Differences (DID), and fixed
effects models (Tan et al., 2024), but in recent years, cutting-edge models such as Dual Machine
Learning (DML) have been increasingly applied (Janiesch et al., 2021).

In the dual context of digital transformation and green development, most existing research
focuses on the direct impact of government subsidies on green technology investments or emission
outcomes (C. Wang et al., 2022). However, limited attention has been paid to the influence of
government green subsidies on ESG performance. Methodologically, current empirical strategies still
predominantly rely on traditional regression methods (Han et al., 2024), which demonstrate limited
capacity to handle high-dimensional confounding variables and nonlinear relationships, while failing
to fully leverage the advantages of dual-machine learning in causal discovery and policy evaluation.
Regarding mediation effect analysis and heterogeneity analysis, existing studies neglect critical
mediating variables such as corporate digital economy patents and technology transfer efficiency,
and rarely conduct heterogeneity analyses from dimensions like environmental regulation intensity,
digital inclusive finance, firm size, and financing constraints (Y. Li et al., 2020; Santin & Sicilia, 2017;
X. Wang, Zhang, et al., 2023)

Building upon existing research, this research examines the impact of government green
subsidies on corporate ESG performance. Three key innovations emerge: first, in terms of research
perspective, it reveals how government green subsidies influence corporate ESG outcomes. Second,
methodologically, the study employs a dual-machine learning model to enhance parameter
estimation robustness and causal identification accuracy. Third, through mediating effect analysis
and heterogeneity analysis, the paper constructs two mediating variables—digital economy patent
and technology transfer efficiency —while incorporating environmental regulation intensity, digital
inclusive finance, firm size, and financing constraints. This approach examines the differential
impacts of multidimensional factors on core effects, providing empirical evidence to refine the
sustainable development theory of government green subsidies driving corporate ESG performance.

2. Theoretical Analysis and Research Hypotheses

2.1. Government Green Subsidies and Corporate ESG Performance

The resource dependency theory posits that enterprises are fundamentally resource-dependent
organizations whose survival and development rely heavily on continuously acquiring critical
resources from external environments (Cao et al., 2022). In this process, the government, as a key
actor in institutional environments, often plays the pivotal role of resource provider. Government-
provided green subsidies not only deliver much-needed financial support to enterprises but also
strategically guide their transition toward sustainable development (Lee & Li, 2022). These special-
purpose funds directly alleviate financial pressures faced by companies in environmental
governance, energy conservation, emission reduction, and green technology innovation, helping
them overcome resource constraints (C. Yang et al., 2024). Subsidized enterprises can more
confidently adopt advanced eco-friendly technologies, optimize production processes, and enhance
pollution control, thereby significantly improving environmental performance. Government green
subsidies incentivize companies to establish robust internal governance structures, improve
information disclosure quality, and strengthen social responsibility practices, achieving
comprehensive performance enhancement (X. Zhang et al., 2023). Therefore, government green
subsidies are not merely fiscal transfers but crucial policy instruments and institutional resources. By
alleviating corporate resource dilemmas and reducing green transition costs, they effectively guide
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enterprises to transform external environmental pressures into internal governance drivers,
ultimately promoting coordinated development across environmental, social, and governance (ESG)
dimensions. Based on this analysis, this paper proposes:

H1: Government green subsidies can enhance corporate ESG performance.
2.2. Mediating Effects

2.2.1. Digital Technology Innovation

According to the digital empowerment theory, digital technologies support ESG management
by enhancing corporate information processing capabilities and optimizing decision-making
efficiency (Zahid et al., 2023). Through the adoption of technologies like blockchain, big data, and Al
in digital transformation, enterprises can improve the accuracy and transparency of environmental
data collection, strengthen internal governance efficiency, enhance the quantification of social
responsibility management, and drive green innovation transitions (J. Wang, Hong, et al., 2023).
Digital technological innovations boost ESG performance by elevating green technology standards,
increasing information transparency, and optimizing resource allocation efficiency (Mu et al., 2023).
Government green subsidies alleviate financing constraints for digital technology innovation, further
stimulating its role in corporate ESG improvement (Cai et al., 2023). These funds can be specifically
allocated for enterprises to purchase digital equipment, recruit technical talent, or develop ESG data
management systems, accelerating the integration of digital technologies with practical applications.
Based on the above analysis, this research proposes:

H2: Government green subsidies improve corporate ESG performance by promoting digital
technology innovation.

2.2.2. Technical Conversion Efficiency

Based on the theory of technological externalities, corporate technological innovation generates
knowledge spillover effects that not only drive internal development but also create positive or
negative externalities on society and the environment (Clément et al., 2022). Effective technological
innovation can significantly reduce the negative externalities of production activities by improving
resource efficiency, reducing pollution emissions, and promoting green transformation, thereby
laying the foundation for enhanced ESG performance (H. Wang, Jiao, et al., 2023). Digital technology
innovation elevates corporate ESG performance by boosting market value, facilitating green
transition, and mitigating information asymmetry. Technological innovation empowers enterprises
to develop more environmentally friendly production processes and products, minimizing
environmental impacts (D. Zhang et al., 2023). Government green subsidies alleviate financing
pressures for corporate green technology innovation, reducing costs and risks associated with such
initiatives (Lu et al., 2024). The relationship between government green subsidies and substantive
green technological innovation exhibits a U-shaped pattern: when subsidies reach a critical threshold,
they facilitate the transition from strategic to substantive innovation (Jia et al., 2022). Additionally,
government subsidies attract more social capital into green technology sectors through signaling
effects, further strengthening the role of technological innovation in enhancing ESG performance.
Based on this analysis, this research proposes:

H3: Government green subsidies improve corporate ESG performance by promoting technological
innovation.

2.3. Heterogeneity Effects

According to data assetization theory, enterprises with varying levels of digital financial
inclusion development demonstrate differing effectiveness in leveraging government green subsidies
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to enhance ESG performance (Manita et al., 2018). Organizations with advanced or moderate digital
financial inclusion capabilities typically possess more sophisticated data infrastructure and efficient
processing capacities, enabling them to allocate green subsidies more precisely toward R&D in eco-
friendly technologies, energy efficiency improvements, and ESG governance system development
(Dai & Zhu, 2024). These enterprises can utilize data-driven approaches to monitor subsidy allocation
processes and evaluate implementation effectiveness, thereby driving comprehensive ESG
performance enhancement (Menicucci & Paolucci, 2022). Conversely, organizations with limited
digital financial inclusion capabilities face challenges in systematically converting data assets into
decision-support tools (W. Wang et al., 2022). Even when receiving government green subsidies, they
often lack the technical expertise to optimize resource allocation, resulting in minimal marginal
improvements in ESG outcomes from such subsidies.

According to information economics theory, the effectiveness of government green subsidies in
enhancing corporate ESG performance varies across regions with different environmental regulation
intensities (Kumar, 2023). In areas with stringent environmental regulations, companies already
possess strong ESG implementation motivation due to clear compliance requirements and regulatory
pressure, making the marginal utility of green subsidies relatively limited. Instead, they primarily
serve as supplementary incentives (Chen et al, 2022). Conversely, in regions with weaker or
moderate environmental regulations, companies often lack both initiative and institutional
constraints for ESG practices (Zhong et al., 2023). In such cases, government green subsidies can
effectively compensate for the lack of internal motivation caused by insufficient regulation through
financial support and policy guidance. These subsidies not only alleviate financial constraints for
corporate ESG implementation but also enhance market recognition and stakeholder endorsement
via signaling mechanisms, creating implicit incentives. Information economics posits (Xu et al., 2021)
that subsidies, as policy information tools, optimize corporate decision-making processes by
directing funds toward environmental management, social responsibility, and governance structure
optimization, thereby improving ESG performance (Albitar et al., 2023). Therefore, in environments
with weaker regulations, green subsidies achieve more significant enhancement effects on corporate
ESG performance through dual mechanisms of economic compensation and information
empowerment.Based on the above analysis, this research proposes that:

H4: In enterprises with different environmental regulation intensity, digital inclusive finance,
enterprise size and financing constraints, the effect of government green subsidy on the improvement
of enterprise ESG performance is heterogeneous.

3. Research Design
3.1. Variable Selection

3.1.1. Dependent Variable

Corporate ESG Performance (ESG). The independent variable in this study is ESG performance.
As the ESG framework continues to develop, more and more companies have opted to voluntarily
disclose their ESG performance. Currently, there are more than 600 specialized institutions globally
that provide ESG performance ratings for companies (Albitar et al., 2023). We adopt the average value
of Sino Securities Index ESG ratings as a core indicator to measure corporate ESG performance,
aiming to comprehensively evaluate a company’s overall sustainability performance and long-term
value, ensuring consistency and comparability of assessment results.

On one hand, as an independent third-party rating agency, Sino Securities Index is subject to
rigorous oversight by various stakeholders in the market such as investors, regulators, and the public
(Zhu et al., 2023). This external checks-and-balances mechanism grants it high independence,
effectively avoiding potential conflicts of interest and ensuring the fairness and transparency of the
rating process. On the other hand, Sino Securities Index deeply integrates international mainstream
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ESG frameworks like GRI or SASB standards into its evaluation system (Z. Hu & Ge, 2014), while
precisely incorporating China’s unique economic environment, policy context, and local corporate
case studies. This ensures its data not only aligns with the actual needs of the Chinese market but
also demonstrates excellent timeliness, broad industry coverage, and in-depth corporate insights,
enabling dynamic tracking of the latest developments in environmental, social, and governance
dimensions (K. Zhang et al., 2022).

Therefore, we select the average score of Sino Securities Index’s composite index to assess
corporate ESG performance, as this weighted average method comprehensively and balancedly
reflects the stability and progress of a company’s overall ESG performance, thereby providing a solid
decision-making foundation for sustainable investment.

3.1.2. Independent Variable

Government Green Subsidies (Subsidy). Government Green Subsidies refer to financial support
funds provided by governments to enterprises specifically designed to promote environmental
protection and sustainable development (Tu et al, 2023). These subsidies aim to incentivize
companies to adopt green production technologies and emission reduction measures, aligning with
national environmental policies while fostering coordinated economic and ecological development
(Fang & Zhao, 2023). The allocation of government green subsidies is determined by analyzing details
of government subsidy projects in corporate annual reports” appendices (D. Hu et al., 2021). Through
manual organization, we systematically identify and aggregate projects explicitly labeled as green-
related. During implementation, we meticulously review each report’s detailed entries, record
subsidy amounts item by item, and cross-verify data. We employ standardized classification criteria
to systematically identify green attributes using keywords like “green,
sustainable development,” “clean,” and “energy-saving,” while extending to terms
such as “low-carbon” and “ecological compensation.” This approach minimizes human bias and
ensures data accuracy and consistency.

"o

environmental subsidies,”

i "o

“environment,

To comprehensively assess subsidy impacts, we adopt scale-adjusted relative green subsidy
levels as evaluation metrics—measured by dividing subsidy amounts by enterprise scale indicators
(total assets and revenue) to eliminate biases caused by varying company sizes. This adjustment
method standardizes analytical frameworks, prevents large enterprises from dominating results, and
authentically reflects the relative contributions of subsidies. Given that original subsidy amounts are
typically small, we present them as percentages. This approach not only facilitates intuitive data
comparison and analysis but also highlights the relative importance of green subsidies in corporate
operations. For instance, calculating the proportion of subsidies to operating revenue makes research
findings more applicable in academic reports and policy evaluations, thereby supporting in-depth
interpretation of corporate green performance.

3.1.3. Mediating Variables

Digital Technology Innovation (DTI). Research on measuring digital technology innovation has
emerged as a cutting-edge topic in contemporary academia. While existing literature primarily
focuses on qualitative theoretical explorations, empirical studies using quantitative approaches to
assess digital technological innovation remain underdeveloped. The core challenge lies in accurately
capturing the essential characteristics of digital technologies. This research synthesizes the theoretical
consensus on the conceptual characteristics of digital technology innovation from Yoo et al., (2012)
and Nambisan et al., (2017), innovatively constructing a digital technology innovation measurement
model based on the International Patent Classification (IPC) system (WIPO, 2023). We employ a
triple-coding correspondence method, systematically integrating the “Statistical Classification of
Digital Economy and Its Core Industries (2021)” (H. Zhang et al., 2023) and the “Reference
Relationship Table between International Patent Classification and National Economic Industry
Classification (2018)” (Xiong & Li, 2024) to establish a cross-standard mapping system of “digital
economy core industry codes-national economic industry SIC4 codes-IPC subgroups.” The unique
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value of this framework is derived from its use of the technical characterization benefits of patent IPC
classification, enabling precise identification of enterprise digital technology innovation activities
(WIPQO, 2023).

Technical Conversion Efficiency (TCE). Research on measuring technology transfer efficiency
remains a pivotal topic in innovation economics. Existing literature predominantly focuses on
qualitative analysis of technology transfer pathways, specifically manifested in three dimensions:
First, theoretical interpretations of technology transfer mechanisms from an innovation value chain
perspective (Pénin et al., 2011); Second, frameworks for influencing technology transfer efficiency
based on innovation ecosystem theory (Autio et al., 2023); Third, case study methodologies revealing
dynamic characteristics of technology transfer processes(Purbasari et al., 2020). However, compared
to the substantial progress in theoretical research, consensus on quantitative measurement of
technology transfer efficiency at the macro level has yet to emerge. The core challenge lies in
developing evaluation indicators that balance theoretical rationality with data availability. We adopt
technology transaction activity as a proxy variable for technology transfer efficiency. This indicator
is constructed based on Jaffe et al.’s, (2000) “innovation input-market output” theoretical framework,
incorporating Z. L. He et al.’s (2006) research on signal transmission mechanisms in technology
trading markets. Technology transaction activity is defined as the ratio of technology market
transaction volume to regional GDP. This scientific basis stems from the fact that measuring actual
technology market transactions relative to regional economic output not only effectively captures the
efficiency of market-based allocation of technological factors but also eliminates measurement biases
caused by regional scale differences.

3.1.4. Control Variables

To mitigate the influence of confounding factors on corporate ESG performance exposure and
bolster the robustness of our findings, we carefully selected control variables grounded]. Wang, Ma,
et al. (2023) in established research on corporate ESG performance and accountability(W. Wang et al.,
2022). This selection process rigorously incorporated both theoretical foundations and practical
insights from the existing literature. Within the fundamental characteristics dimension, empirical
evidence Asante-Appiah & Lambert (2023)Burke & Hoitash (2019)reveals that corporate debt levels,
life cycle stages, and growth capabilities profoundly shape environmental strategic decisions, thereby
dictating ESG performance levels. Consequently, we designated financial leverage (Lev), listing
duration (Age), and revenue growth rate (Growth) as core control variables. Shifting to the
governance mechanism dimension, studies Albitar et al. (2023) Garcia-Sanchez et al. (2019) Manita et
al. (2018) demonstrate that internal and external governance structures significantly impact ESG
disclosure quality and implementation effectiveness. Therefore, this study integrated key internal
governance controls: equity structure (Equity concentration, OC), board governance efficacy (board
size, Board; proportion of independent directors, Indep), checks-and-balances mechanisms
(shareholder balance degree, Balance), and institutional investor ownership (Institution) (Orazalin,
2019). Finally, to eliminate potential interference from temporal fluctuations and industry
heterogeneity, this study incorporated year and industry fixed effects, meticulously controlling for
underlying time trends and sector-specific variations.

3.2. Models Specification

We aim to study the impact of government green subsidies on corporate ESG performance.
Existing literature demonstrates that studies employing traditional causal inference frameworks
frequently encounter significant methodological constraints. Using the difference-in-differences
(DID) model as an example, its core parallel trends assumption critically depends on specific data
structures, necessitating strictly synchronized trajectories between treatment and control groups
prior to policy intervention—a stringent condition often unmet in practical applications (Y. Liu et al.,
2021). While the synthetic control method (SCM) mitigates pressure on the parallel trends assumption
through the construction of a virtual control group, its efficacy is constrained by dual limitations: it
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requires that treatment units exhibit no extreme characteristic values and is restricted to matching a
single treated unit with multiple control units (Ben-Michael et al., 2021). Furthermore, propensity
score matching (PSM) is compromised by significant subjective dependency in covariate selection,
rendering model robustness susceptible to researchers’ theoretical priors (Yuan et al., 2021).

In response to the inherent limitations of traditional models, the academic community has
proactively examined the integration of machine learning with causal inference in recent years
(Chernozhukov et al., 2018; Athey et al., 2019; Knittel & Stolper, 2021). Among these integrative
approaches, Double Machine Learning demonstrates distinctive advantages: it decouples high-
dimensional variable selection from parameter estimation, maintaining adaptability to complex data
structures while ensuring statistical consistency in causal effect estimation. Specifically, Double
Machine Learning (Sarker, 2021) constitutes a statistical methodology that synergistically combines
machine learning models with causal inference frameworks, primarily employed to estimate causal
effects in contexts characterized by high-dimensional confounding variables. Its core conceptual
framework involves a two-stage modeling procedure designed to eliminate confounding variable
influences, thereby yielding more precise estimates of the causal effect of treatment variables on
outcome variables. Critically, the incorporation of machine learning algorithms should not be
construed as substituting traditional econometric methods; rather, it enhances the precision of
confounding factor control and elevates model generalization capabilities through data-driven
feature extraction and algorithmic optimization (J. C. Yang et al., 2020).

In order to test the impact of government green subsidies on corporate ESG performance, we
construct a dual machine learning model as follows:

ESG;; = BOSubsidyit +g(X;) + Uy (1)

E(Uj; | Subsidy, X)) =0 (2)

Here, ESG;, represents the corporate ESG performance, Susidy; denotes government green
subsidies, and B, is the disposal coefficient we primarily focus on. X;; represents a series of control
variables, for which the specific functional form g(X;;), needs to be estimated using machine
learning algorithms. Uj; is the error term with a conditional mean of 0. By directly estimating
equations (1) and (2), we obtain the estimated values of the disposal coefficients as:

= 1 o\ . ~
By = (3 Zicy erSubsidy,?) = ¥iey erSubsidy, (ESGi-8(X)) (3)
where n is the sample size.
Based on the aforementioned estimators, their estimation bias can be further examined:

= -1
\/r_l(ﬁo-ﬁo) = (iZieI, teTSUbSiintz) %Ziel, teTSUbSidyit + Ui
1
+ (3 Zier e Subsidy,”) = Tiaer Subsidy, [306) 3060 ]

1
Among them, a= (%Ziel/ teT Subsidyif) \/1—; 2iel, ter Subsidy, Uy, follow a normal distribution

(4)

with mean 0 b= (i Yiel, teT Subsidyif) 1%2‘,1&1’ teT Subsidyit [g Xip) -€ (Xip) 1. It should be emphasized
that double machine learning utilizes machine learning techniques and regularization algorithms to
estimate a specific functional formg(X;;), inevitably introducing “regularization bias”. While this
mitigates excessive variance in the estimator, it concurrently leads to a loss of unbiasedness,

specifically evidenced by a slower convergence rateg(X;;) to g(X;;). Consequently, n_¢g>n'% as the
sample nsize tends to infinity, bthe bias also tends to infinity, thindering convergence to 3 the
true parameter.

To boost the convergence rate and guarantee unbiasedness for the treatment coefficient
estimator in small-sample scenarios, the auxiliary regression is specified as follows:

Subsidy, =m(X;) +J;, (5)

E(J,X:) =0 (6)

Among them, m(X;) is the regression function of the treatment variable on the high-
dimensional control variables, and its specific form M(X;;) also needs to be estimated using machine
learning algorithms. J4, is the error term, with a conditional mean of 0.
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The specific operational procedure is as follows: first, employ a machine learning algorithm to
estimate the auxiliary regression M(X;,), taking its residual J;; = Subsidy;; — M(X;,); second, similarly
use a machine learning algorithm to estimate g(X;), transforming the main regression into the form
ESGirs1 — 8(Xit) = BoSubsidy;, + Uy, ; finally, regress using Ji; as the instrumental variable for
Subsidy;; to obtain an unbiased coefficient estimator as follows:

= a -1 a
By = (3 Biey werf, Subsidy, )+ ¥ier ier;, (ESGiea 8(Xi0) ) (7)
Similarly, Equation (7) can also be approximately expressed as:
~ 1
n@,-B) = B —= ) 7T, Uy
) \/ﬁielzie:T
A1 N A
+[E(J9) | FZier ermOG)-mX)] [5(Xi0-8XiD) 1 (8)

Here, E (Ji 2)]_1%Ziel‘teT]itUit follows a normal distribution with mean 0. Since machine

learning estimation is applied twice, the overall convergence rate of [E Uu?) ]_I%ZieueT

[m(Xit)—r’ﬁ(Xit)][g(Xit)—g(Xit)] depends on the convergence rates of m(X;;) to m(X;;) and g(X;;) to
g(X;;), namely n~(@g+®m), Compared to equation (4), the convergence rate of Vn(By — Bo) to 0 is
faster, thereby enabling unbiased estimation of the treatment coefficient.

Theoretical analysis indicates that corporate technological innovation and financing constraints
are two channels affecting ESG performance exposure. We employ a two-step mediation effect test
and construct the following model (9) for verification:

Mechanism;, = Yo * Y,Subsidy, +v,Xit + W, + & (9)

Among them, X, represents a series of control variables, p; denotes the fixed effects term, and
&j¢ is the random disturbance term.

3.3. Data Sources and Descriptive Statistics

Through reading annual reports, it is found that the disclosure of data assets currently covers
almost the entire stock market, and digital tools began to be widely used after 2010. Based on data
availability and research objectives, we select all A-share listed companies in China from 2013 to 2023
as the research sample. Financial and insurance companies, as well as listed companies with *ST, ST,
or PT status and those lacking key indicators, are excluded, resulting in a final sample of 2337
observations. The relevant data for empirical analysis are sourced from the Sino Securities Index ESG
Rating, Corporate annual report, CSMAR Database and with missing data supplemented using
interpolation methods. Descriptive statistics of the main variables are detailed in Table 1.

Table 1. Descriptive Statistics.

Variables Obs Mean Std.dev. Min Max
ESG 2337 4.9276 0.9436 2.25 6.75
Subsidy 2337 14.7674 3.4312 0 19.0947
Lev 2337 0.5542 0.2247 0.074 0.9363
Age 2337 2.4304 0.7178 0 3.3673
Growth 2337 0.197 0.4998 -0.6888 2.6055
oC 2337 0.367 0.1659 0.0838 0.733
Board 2337 2.2314 0.2455 1.6094 2.7081
Indep 2337 0.3848 0.0591 0.3333 0.5714
Balance 2337 0.4317 0.297 0.026 0.9953
Institution 2337 0.6487 0.207 0.0976 0.9338
DTI 2337 3.1221 2.2419 0 8.3354
TCE 2337 0.0527 0.0605 0.0006 0.191

4. Empirical Results

4.1. Main Analysis
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We employ a dual machine learning model to evaluate the impact of government green
subsidies on corporate ESG performance, with a sample split ratio of 1:4. The random forest algorithm
was used for both principal and auxiliary regression predictions, with results presented in Table 2.
Model (1) retained no fixed effects and only included the linear term of control variables across the
full sample range, showing positive regression coefficients that remained statistically significant at
the 1% level. This confirms the substantial positive influence of government green subsidies on
corporate ESG performance. Building upon Model (1), Model (2) further controlled for the quadratic
term of control variables, maintaining positive regression coefficients with minimal numerical
variation. Expanding from Model (2), Model (3) incorporated firm fixed effects across the full sample
range, preserving statistically significant positive coefficients. Following Model (3), Model (4) added
industry fixed effects, maintaining positive coefficients. Finally, Model (5) introduced annual fixed
effects across the full sample range, sustaining significant positive coefficients. All five models
yielded consistent positive regression coefficients across all samples, demonstrating that higher
government environmental subsidy scores correspond to better corporate ESG performance. This
evidence validates Hypothesis H1.

Table 2. The Regression Results of H1.

Variables 1) 2) 3) 4 (5)
ESG ESG ESG ESG ESG
Subsidy 0.0816 0.0793 0.0667 0.0675 0.0513
o434 Ko $oo% Ko Kok
(5.426) (5.414) (4.433) (4.360) (3.361)
_cons 0.0035 0.0038 -0.0221 -0.0204 -0.0237
(0.230) (0.246) (-1.529) (-1.445) (-1.642)
CV First-order Yes Yes Yes Yes Yes
CV Second-order No Yes Yes Yes Yes
Enterprise FE No No Yes Yes Yes
Industry FE No No No Yes Yes
Year FE No No No No Yes
Obs 2586 2586 2586 2586 2586

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively, with robust standard errors

in parentheses.

Government green subsidies alleviate financial pressures on enterprises undergoing green
transformation, encouraging increased investment in environmental governance and technological
innovation (Y. Li et al, 2020). By acquiring eco-friendly equipment and developing clean
technologies, companies can effectively reduce energy consumption and emissions while improving
environmental performance. However, subsidy recipients typically face stricter environmental
compliance requirements and disclosure obligations, which drive enterprises to refine internal
management systems and strengthen environmental risk control, thereby optimizing governance
structures (D. Zhang et al., 2023). Green transformation helps businesses establish responsible social
images, enhance employee engagement and community support, and improve social performance.
Environmental subsidies serve as policy signals, guiding market resources toward companies with
strong ESG performance (Ma et al,, 2022). To sustain support, enterprises actively improve ESG
management capabilities, creating a virtuous cycle. Government green subsidies not only directly
incentivize environmental improvements but also comprehensively boost ESG performance through
institutional guidance and market feedback, serving as an effective policy tool for achieving economic
and environmental win-win outcomes.

4.2. Roustness Tests

4.2.1. Changing the Dependent Variable
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In the robustness test of variable substitution, we replace the mean of annual ESG ratings in the
Sino Securities Index with the standard deviation of annual ESG ratings in the Sino Securities Index
to verify the stability of the impact of government green subsidies on ESG performance. The
regression results are detailed in Table 3 (1). It is evident that the regression coefficients remain
significantly positive after the variable substitution. This indicates that the conclusion demonstrates
strong robustness, unaffected by specific measurement dimensions of ESG performance.

Table 3. The Results of Robustness Tests.

Variable 1) (2) 3) 4) (5) (6)
ESG ESG ESG ESG ESG ESG
Subsidy 0.016** 0.0192*** 0.0134** 0.0144** 0.0136** 0.1825**
(2.44) (2.577) (2.110) (2.479) (2.486) (2.463)
_cons -0.026 -0.026 -0.027* -0.036** -0.027* -0.025
CV First-order Yes Yes Yes Yes Yes Yes
CV Second- Yes Yes Yes Yes Yes Yes
order
Enterprise FE Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Obs 2337 1481 2070 2337 2337 2337

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively, with robust standard errors

in parentheses.

4.2.2. Excluding 2020 Data

Considering that the COVID-19 pandemic in 2020 had a significant impact on China’s economic
development, conducting regression analysis using all years may lead to estimation bias. Therefore,
we exclude the data from 2020 and retained other years’ data for regression analysis. The specific
regression results are detailed in Table 3 (2). It can be observed that after excluding the 2020 data, the
regression coefficients remain positive and are statistically significant at the 1% level.

4.2.3. Elimination of Extreme Values

Given that outliers in the regression sample could introduce bias into the estimation results—
particularly since Beijing, Tianjin, Shanghai, and Chongqing implemented government green
subsidies earlier, which might affect the regression outcomes—we exclude their data for regression
analysis. The specific results are detailed in Table 3 (3). It is evident that even after removing outliers,
the regression coefficients remain significantly positive at the 5% level.

4.2.4. Excluding Policy Shocks

Another challenge regarding our regression results lies in the inevitable interference from
exogenous policies during the same period when verifying the impact of government green subsidies
on corporate ESG performance. To ensure the accuracy of the regression estimates, we controlled for
the “Broadband China Policy” (BCP) during the same period. Accordingly, we construct a dummy
variable for the Broadband China Policy (BCP) and incorporated it into the regression analysis. The
specific regression results are detailed in Tables 3 (4). After excluding the influence of exogenous
policies, the regression coefficients remain positive and statistically significant at the 5% level. This
demonstrates the robustness of our conclusions.

Additionally, we analyze policies from the concurrent “National Big Data Comprehensive Pilot
Zone” (Bigdata). Based on this, we construct a policy dummy variable for the “National Big Data
Comprehensive Pilot Zone” (Bigdata) and incorporated it into the regression analysis. The detailed
regression results are presented in Table 3 (5). After excluding the influence of exogenous policies,
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the regression coefficients remain positive and statistically significant at the 5% level. This
demonstrates the robustness of our conclusions.

4.2.5. Endogeneity Analysis

Due to the limitations of the data, the regression analysis may have omitted certain variables,
thus facing endogeneity issues. However, the instrumental variables method can effectively mitigate
this problem. We construct a partially linear instrumental variables model using double machine
learning, with the specific setup as follows:

ESG;; = BOSubsidyit +g(X;) + Uy (10

Zi = [:’)t)Subsiclyit +] (11)

In this study, Z; as an instrumental variable for Subsidy;;, we construct it by using the mean
value of government green subsidies from other enterprises within the same province, incorporating
it into the regression analysis. This variable satisfies the exogeneity and correlation assumptions of
instrumental variables. Detailed regression results are presented in Table 3 (6). After introducing the
instrumental variable, the regression coefficients remain positive and statistically significant at the
5% level. This fully validates the robustness of our conclusions.

4.2.6. Reset the Double Machine Learning Models

To address potential biases in the conclusions caused by configuration errors in the dual machine
learning model, we conduct two validation approaches: first, adjusting the sample partition ratio
from the original 1:4 to 1:9 to examine its impact on results. Second, replacing the prediction
algorithm from random forest to gradient boosting, lasso regression, and ensemble machine learning
methods to assess their influence. The updated regression results are detailed in Table 4. Notably,
both the adjusted sample partition ratio and algorithm changes yielded significantly positive
regression coefficients, maintaining the conclusion that government green subsidies enhance
corporate ESG performance. These findings conclusively demonstrate the robustness of the original
conclusions.

Table 4. The Results of Double Machine Learning Robustness Tests.

Variable Sample Splitting Gradient Lasso Regression Ensemble
Ratio1: 9 Boosting Machine Learning
(e)) 2 3) @
ESG ESG ESG ESG
Subsidy 0.0131** 0.0232%** 0.0138*** 0.0151***
(2.2114) (4.2547) (2.9627) (3.3568)
_cons -0.0273* -0.0064 -0.0316** -0.0186
(-1.8157) (-0.3851) (-2.2823) (-1.3776)
CV First- Yes Yes Yes Yes
order
CV Second- Yes Yes Yes Yes
order
Enterprise FE Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Obs 2337 2337 2337 2337

Note: ¥, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively, with robust standard errors

in parentheses.
5. Further Discussion

5.1. Mediating Effeccts
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5.1.1. Digital Technology Innovation

To examine how government green subsidies enhance digital technology innovation and
subsequently improve corporate ESG performance, we develop a measurement model based on the
International Patent Classification System (IPC) to assess digital technological innovation through
regression analysis. The regression results of government green subsidies on digital technological
innovation are presented in Tables 5 (1) and 5 (2), with statistically significant positive coefficients.
These findings confirm that government green subsidies effectively boost digital technological
innovation.

Table 5. The Results of Mediators.

Variable 1) (2) 3) 4)
DTI ESG TCE ESG
Subsidy 0.2346*** 0.0338** 0.0015** 0.0503***
(9.0115) (2.0390) (2.3745) (3.1038)
DTI 0.0788***
(5.4654)
TCE 1.4800%**
(2.9236)
_cons 0.0059 -0.0204 0.0047%** -0.0269*
(0.2796) (-1.3979) (8.4926) (-1.7800)
CV First-order Yes Yes Yes Yes
CV Second-order Yes Yes Yes Yes
Enterprise FE Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Obs 2586 2586 2586 2586

Note: ¥, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively, with robust standard errors

in parentheses.

Government green subsidies effectively enhance corporate Environmental, Social, and
Governance (ESG) performance by supporting digital technology innovation. Technologies such as
the Internet of Things (IoT), big data analytics, and artificial intelligence (AI) enable businesses to
monitor resource consumption in real-time, optimize energy efficiency, and reduce carbon emissions
(Zhao & Cai, 2023). For instance, smart sensors can track factory energy usage, promptly identify and
resolve waste issues, thereby improving environmental performance. Through blockchain and big
data technologies, companies gain greater transparency in supply chain management, ensuring legal
sourcing of raw materials and compliance with social responsibility standards (Zahid et al., 2023).
This not only strengthens corporate social image but also boosts their reputation in societal
dimensions. Cloud computing and collaborative platforms support enterprises in establishing more
efficient governance structures, enhancing decision-making transparency and risk management
capabilities (J. Wang, Hong, et al., 2023). Digital management systems, for example, can detect
potential operational risks in real-time, allowing timely strategy adjustments to improve governance
effectiveness. These advancements fully validate how government green subsidies empower digital
innovation to optimize resource allocation, increase information transparency, and strengthen
governance capacity, ultimately elevating corporate ESG performance. H2 has been validated.

5.1.2. Technical Conversion Efficiency

To examine how government green subsidies enhance corporate ESG performance through
improved technology transfer efficiency, we measure this efficiency using technology transaction
activity and conducted regression analysis. The regression results of government green subsidies on
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technology transaction activity are presented in Tables 5 (3) and 5 (4), with positive regression
coefficients that are statistically significant at the 1% level.

Government green subsidies can significantly enhance corporate ESG performance by
improving technology transfer efficiency. These subsidies provide enterprises with financial and
resource support to facilitate the practical application of environmental technologies. For instance,
they can fund R&D and promotion of clean energy technologies, energy-saving equipment, and
pollution control facilities (J. Wang, Hong, et al., 2023). Such support reduces costs and risks during
technology transfer, accelerating the transition from lab to production lines. Through technological
transformation, companies can optimize resource utilization and boost productivity (Clément et al.,
2022). The adoption of automation and smart technologies helps minimize resource waste, lower
energy consumption, and reduce carbon emissions. Moreover, technology transfer enables
enterprises to recycle waste materials, thereby minimizing environmental impact. The efficiency
gains from technology transfer directly translate into improved ESG performance (Bin-Feng et al.,
2024). Environmentally, companies can cut carbon footprints and pollutant emissions while
enhancing environmental management capabilities. Socially, it fosters greater social responsibility
through initiatives like community impact reduction and employee welfare improvement.
Governance-wise, it allows enterprises to establish more robust environmental management systems
with increased transparency and accountability. This fully demonstrates that government green
subsidies can elevate corporate ESG performance by boosting technology transfer efficiency. H3 is
validated.

5.2. Heterogeneity Analysis

5.2.1. Fintech Digitalization Level

The digitalization process of China’s fintech industry exhibits a gradient pattern, and the impact
of government green subsidies on corporate ESG performance shows significant heterogeneity under
different levels of technological penetration. To examine the differences in how government green
subsidies affect corporate ESG performance across varying levels of fintech digitalization, we divide
all sample enterprises into three tiers, lower, moderate, and higher, based on the mean value of
Peking University’s Digital Inclusive Finance Index, and conducted grouped regression analysis. The
specific regression results are shown in Table 6. It can be observed that in the subgroup regression
with corporate ESG performance as the dependent variable for enterprises with low fintech
digitalization levels, the regression coefficient of government green subsidies is not statistically
significant. However, for enterprises with high and medium fintech digitalization levels, the
regression coefficient shows a significantly positive correlation. This indicates that government green
subsidies significantly enhance the ESG performance of enterprises with high fintech digitalization
levels, but fail to effectively improve the ESG performance of enterprises with low fintech
digitalization levels.

Table 6. The Heterogeneity Results of Fintech Digitalization Level.

Variable Low Medium High
(W )) () (3)
ESG ESG ESG
Subsidy -0.0092 0.0450*** 0.0286***
(-0.8653) (4.3804) (3.3681)
_cons -0.0520** -0.0271 -0.0274
(-2.0093) (-0.9263) (-1.0189)
CV First-order Yes Yes Yes
CV Second-order Yes Yes Yes
Enterprise FE Yes Yes Yes
Industry FE Yes Yes Yes
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Year FE Yes Yes Yes
Obs 780 780 777

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively, with robust standard errors

in parentheses.

Government green subsidies play a pivotal role in driving corporate digital transformation by
enhancing data processing capabilities, optimizing resource allocation efficiency, and improving
information transparency, thereby boosting ESG performance (X. Wang, Zhang, et al., 2023). This
effectiveness is closely tied to the level of fintech digitalization within enterprises. Companies with
advanced or moderate digitalization can better integrate environmental subsidies into their
transformation processes, strengthening green innovation capabilities and achieving higher levels of
sustainable development (Ma et al, 2022). In contrast, firms with underdeveloped fintech
digitalization often face limitations in utilizing government subsidies effectively due to insufficient
overall digital infrastructure, making it difficult to convert financial support into momentum for ESG
improvement. Particularly in regions or industries with concentrated such enterprises, the potential
of subsidies remains underutilized, resulting in minimal positive impact on ESG outcomes.
Therefore, the effectiveness of government green subsidies in elevating corporate ESG performance
proves more pronounced among enterprises with high fintech digitalization levels.

5.2.2. Environmental Regulation Intensity

Under varying environmental regulation intensities, government green subsidies demonstrate
differentiated effects on corporate ESG performance. We measure regulatory intensity using the
percentage of industrial pollution control investments relative to added value. To examine
differences in subsidy impacts across regulatory tiers, we categorized firms into three groups based
on average regulatory intensity: low, moderate, and high levels. The analysis reveals heterogeneous
effects of Subsidy on ESG outcomes, as shown in Table 7. In the low-regulation group (Column 1),
Subsidy’s coefficient reaches 0.0287, statistically significant at the 1% level, indicating substantial
regulatory-enhanced ESG improvements. The moderate-regulation group (Column 2) shows a 0.0152
coefficient at the 10% level, with both magnitude and significance markedly reduced compared to
low-regulation firms. For high-regulation firms (Column 3), Subsidy’s coefficient jumps to 0.0282,
achieving statistical significance at the 5% level. This demonstrates that moderate regulatory intensity
weakens the subsidy’s ESG-enhancing effects, while high-regulation firms maintain similar
coefficients to low-regulation counterparts.

Table 7. The Heterogeneity Results of Environmental Regulation Intensity.

Variable Low Medium High
1) (2) 3)
ESG ESG ESG
Subsidy 0.0287*** 0.0152* 0.0282**
(3.6138) (1.8069) (2.4945)
_cons -0.0273 -0.0236 -0.0290
(-1.0738) (-0.7556) (-1.0380)
CV First-order Yes Yes Yes
CV Second-order Yes Yes Yes
Enterprise FE Yes Yes Yes
Industry FE Yes Yes Yes
Year FE Yes Yes Yes
Obs 834 741 762

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively, with robust standard errors

in parentheses.
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In scenarios with lenient environmental regulations, companies face minimal external pressure
to engage in ESG-related activities. Government subsidies effectively supplement corporate
investments in environmental governance, social responsibility fulfillment, and corporate
governance optimization, thereby significantly enhancing ESG performance (Xia et al., 2022). Under
moderate regulatory conditions, enterprises face external compliance pressures without reaching
stringent constraints. The resource incentive effects of subsidies and corporate ESG strategy
adjustments enter a “transitional coordination phase,” weakening the direct promoting effect of
subsidies on ESG (Shi & Li, 2022). When environmental regulations are stringent, rigorous external
requirements compel companies to increase ESG investments to meet compliance and sustainability
demands. Government subsidies effectively alleviate resource constraints during this process,
thereby reinforcing the promoting effect of subsidies on ESG. Thus, environmental regulation levels
exhibit heterogeneous effects on the relationship between Subsidy and corporate ESG performance
(Lin et al., 2022). When environmental regulations are low or high, Subsidy’s promoting effect on
ESG performance is more pronounced; in moderate regulatory environments, this promoting effect
becomes relatively weaker.

5.2.3. Enterprise Scale

The impact of government green subsidies on corporate ESG performance varies across
enterprises with different scales, as measured by asset levels. To examine how subsidy effects differ
across enterprise sizes, we categorized firms into three groups based on scale: small, medium, and
large. As shown in Table 8, the coefficient for Subsidy is 0.0339 in the small-scale group (Column 1),
statistically significant at the 1% level, indicating substantial ESG-enhancing effects for smaller
enterprises. In the medium-sized group (Column 2), the coefficient drops to 0.0001, showing
negligible statistical significance. For large-scale enterprises (Column 3), the coefficient remains
insignificant at 0.0046, suggesting similar limited promotional effects of green subsidies.

Table 8. The Heterogeneity Results of Enterprise Scale.

Variable Low Medium High
(W )) (2) (3)
ESG ESG ESG
Subsidy 0.0339*** 0.0001 0.0046
(3.2211) (0.0144) (0.7142)
_cons -0.0043 -0.0110 -0.0010
(-0.1599) (-0.4100) (-0.0393)
CV First-order Yes Yes Yes
CV Second-order Yes Yes Yes
Enterprise FE Yes Yes Yes
Industry FE Yes Yes Yes
Year FE Yes Yes Yes
Obs 779 779 779

Note: ¥, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively, with robust standard errors

in parentheses.

Small and medium-sized enterprises (SMEs) typically face constraints such as limited resources
(funding, technology, etc.) and higher barriers to ESG-related investments (e.g., environmental
governance equipment, social responsibility projects, governance structure optimization) (S. Li et al.,
2022). Government green subsidies effectively bridge these resource gaps, driving SMEs to engage in
ESG initiatives, thereby significantly enhancing their ESG performance. While larger enterprises
generally have weaker resource constraints than SMEs, their resources remain insufficient and they
may be in transitional development phases (Ade et al., 2020). The prioritization of ESG strategies or
resource allocation efficiency often fails to align with subsidy mechanisms, making it difficult for
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government incentives to take effect. Large enterprises, however, possess relatively abundant
resources where internal motivation for ESG investment or regular budgets can cover most needs
(Tuffour et al., 2022). The incremental resources from government subsidies offer minimal marginal
improvement to ESG performance. Moreover, the complexity of corporate governance structures in
large enterprises may complicate subsidy allocation alignment with ESG objectives, further
diminishing the impact of subsidies. Thus, the relationship between enterprise size and government
green subsidies/ESG performance shows heterogeneity (Xia et al., 2022). Subsidies only enhance ESG
performance when enterprises are small. For medium or large enterprises, the promoting effect
becomes negligible. This reflects scale-dependent impacts of government green subsidies on ESG,
where SMEs more readily access resources to boost ESG through subsidies.

6. Conclusions and Implications

6.1. Conclusions

This research takes all A-share listed companies in China from 2013 to 2023 as the research
sample. After excluding financial and insurance companies, ST/*ST/PT status companies, and those
with missing key indicators, a final sample of 2,337 observations is obtained. Using a dual machine
learning model combined with baseline regression, robustness tests, mechanism tests, and
heterogeneity analysis, this study systematically examines the impact of government green subsidies
on corporate ESG performance. During the research process, we construct a digital technology
innovation measurement model based on the International Patent Classification System (IPC),
measure technology transformation efficiency through technology transaction activity, and introduce
heterogeneity dimensions such as digital inclusive finance level, environmental regulation intensity,
and firm size. Additionally, multiple robustness testing methods are employed, including replacing
dependent variables, removing special-year data, controlling for exogenous policy shocks, using
instrumental variable methods, and resetting the dual machine learning model, to ensure the
reliability and scientific validity of the research conclusions.

The core research conclusions of this research are as follows:

Government green subsidies demonstrate a significant positive impact on corporate ESG
performance. Baseline regression analysis reveals that the coefficient of government green subsidies
remains statistically significant at the 1% level, regardless of whether control variables (including
quadratic terms, firm fixed effects, industry fixed effects, and year fixed effects) are controlled. This
indicates that through green subsidies, governments can effectively alleviate financial pressures for
corporate green transitions, encouraging enterprises to increase investments in environmental
governance, social responsibility fulfillment, and organizational structure optimization.
Consequently, these measures enhance overall ESG performance, thereby validating Research
Hypothesis H1.

Government green subsidies enhance the ESG performance of enterprises through digital
technology innovation and technical conversion efficiency. The mediating effect results show that, on
the one hand, the regression coefficient of government green subsidies on enterprise digital
technology innovation is 0.2346***, and the regression coefficient of digital technology innovation on
ESG performance is 0.0788***, indicating that government green subsidies can support enterprises in
developing Internet of Things, big data, Al and other digital technologies, optimize resource
allocation and information transparency, and improve ESG performance. On the other hand, the
regression coefficient of government green subsidies on technical conversion efficiency is 0.0015*%,
and the regression coefficient of technical conversion efficiency on ESG performance is 1.4800*,
suggesting that government green subsidies can accelerate the transformation of green technologies
from laboratories to production lines, reduce pollution emissions and resource waste, and promote
the improvement of ESG performance. This verifies research hypotheses H2 and H3.

The impact of government green subsidies on the ESG performance of enterprises shows
heterogeneity. The results of heterogeneity analysis indicate that, in terms of the level of digital
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inclusive finance, the positive effect of government green subsidies on ESG is significant only in the
medium and high-level groups, while it is not significant in the low-level group. In terms of the
intensity of environmental regulations, the promoting effect of government green subsidies is more
significant in the low and high-intensity groups, while it is weakened in the moderate-intensity
group. In terms of enterprise scale, the positive effect of government green subsidies is significant
only in the small-scale enterprise group, while it is not significant in the medium and large-scale
enterprise groups, verifying research hypothesis H4.

6.2. Implications

Based on the above research conclusions, to further optimize the design of government green
subsidy policies and more precisely promote the improvement of enterprises’ ESG performance and
economic green transformation, this research offers the following implications:

6.2.1. Differentiate the Design of Green Subsidy Policies

In view of the feature that the subsidy effect for “small-scale enterprises” and “enterprises in
regions with low levels of digital inclusive finance” in heterogeneity analysis is more dependent on
policy support, a differentiated subsidy system needs to be established.

Small and medium-sized enterprises (SMEs), facing challenges such as funding shortages and
weak technological foundations, represent a “potential group” for ESG enhancement. It is
recommended to expand green subsidy coverage for SMEs by lowering application thresholds,
including streamlining approval processes and relaxing project initiation standards. A dedicated
“Special Green Subsidy Fund for SMEs” should be established to support essential initiatives like
purchasing environmental governance equipment and building ESG disclosure systems. This
initiative aims to help SMEs overcome resource constraints and rapidly improve their ESG
performance.

To address the challenges in digital inclusive finance for enterprises in underdeveloped regions,
governments should collaborate with financial institutions to enhance digital infrastructure. For
instance, fiscal subsidies could support local banks in developing “ESG + Digital Credit” products
that link companies’ green subsidy eligibility to their digital financing quotas. Simultaneously,
establishing a “Digital Technology Empowerment Special Fund” would provide enterprises with
subsidies for digital skills training and ESG data management system development. This initiative
aims to boost data processing capabilities, ensuring green subsidies effectively translate into
momentum for ESG enhancement.

6.2.2. Improve the Supervision of Subsidy Funds

Building a green subsidy fund tracking platform using blockchain technology requires
enterprises to disclose in real-time the allocation of subsidy funds (such as R&D investments in digital
technologies and procurement amounts for technology transfer equipment), while linking fund
utilization efficiency to future subsidy eligibility. Companies failing to use funds for green innovation
or technology transfer as mandated will have their subsidy application qualifications revoked for the
next 3-5 years. Additionally, third-party institutions will conduct regular assessments of corporate
ESG improvement outcomes, with evaluation results serving as critical criteria for subsidy
disbursement. This mechanism aims to prevent the overemphasis on application but neglect of
implementation phenomenon.

Governments should strengthen supporting incentives for technological innovation and
commercialization. On one hand, enterprises engaged in digital technology innovation should
receive not only direct financial subsidies but also additional tax benefits, such as increasing the R&D
expense super deduction ratio to 100% and providing patent application fast-track support, to
encourage greater adoption of IoT and Al technologies in ESG management. On the other hand,
establishing a “government-enterprise-research” technology transfer platform is crucial. The
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government should cover pilot-scale production costs through subsidies, facilitating the alignment
between green technologies from research institutions and corporate production needs. Furthermore,
enterprises demonstrating high activity in technology transactions should receive additional
subsidies and rewards to accelerate the transition of technologies from “laboratories” to “production
lines”.

6.2.3. Adjust the Relationship Between Environmental Regulation and Subsidy Policy Dynamically

Enterprises in low-regulation areas lack sufficient motivation for ESG investments. To address
this, we should boost green subsidy standards (implementing tiered subsidies based on enterprises’
ESG improvement levels) to incentivize corporate engagement. Simultaneously, we should gradually
raise environmental access thresholds (establishing regional pollutant emission limits) to prevent
companies from relying solely on subsidies while neglecting environmental compliance. This creates
a dual-driven mechanism combining “subsidy incentives + regulatory pressure” to ensure
sustainable progress.

To address the diminishing effectiveness of subsidies in moderately regulated regions, we
should identify companies with outstanding ESG performance as benchmark enterprises. By publicly
disclosing their subsidy utilization and ESG improvement cases, this approach will guide other
enterprises to optimize resource allocation. Simultaneously, subsidy policies should be tailored
according to industry characteristics (prioritizing energy-saving technologies for high-energy-
consuming sectors and social responsibility initiatives for service industries) to enhance policy
precision.

While enterprises in high-regulation regions face pressure to invest in ESG initiatives, the
substantial compliance costs necessitate redirecting subsidies toward cost compensation (including
subsidies for pollution control equipment upgrades and ESG disclosure expenses). Simultaneously,
streamlining approval processes through a one-time environmental compliance verification system
will enable businesses to meet stringent regulatory requirements while reducing operational costs.
This approach ensures that subsidies effectively alleviate resource constraints while maintaining
operational efficiency.

6.2.4. Promote the Linkage Between ESG Information Disclosure and Subsidy Policies

Referring to the Sino Securities Index ESG Rating, formulate unified corporate ESG disclosure
guidelines for China, clarify the core disclosure indicators in the dimensions of environment (carbon
emissions, energy consumption), society (employee welfare, supply chain responsibility), and
governance (board independence, information transparency), and require enterprises to publicly
disclose ESG reports annually to ensure that subsidy effects are measurable and assessable.
Enterprises demonstrating complete and truthful ESG disclosures will be prioritized for green
subsidies. Those with non-compliant disclosures or data falsification will have their subsidy
eligibility suspended and face penalties. Meanwhile, the government regularly publishes reports on
corporate ESG performance and subsidy utilization, subjecting these materials to public scrutiny to
enhance policy transparency and credibility.
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