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study are formulated based on the principles of stakeholder and agency theories. We used sec-
ondary data from Chinese A-share listed companies from 2010 to 2021 to conduct an empirical
analysis using the Ordinary Least Squares (OLS) and Fixed Effect (FE) estimators. The results
indicate that good ESG performance can enhance corporate investment efficiency. Compared to
over-investment, ESG performance has a more pronounced effect on mitigating under-investment.
Using a mediating analysis model, we also find that ESG performance exerts an inhibitory in-
fluence on both under- and over-investments by mitigating corporate financing constraints.
Heterogeneity analysis indicates that the enhancing effect of ESG performance on corporate in-
vestment efficiency is more significant in non-state-owned corporations, low-pollution corpora-
tions, and corporations with a higher proportion of institutional investors. This study provides
insights for listed companies to improve ESG performance to enhance capital allocation efficiency
and promote sustainable development.

1. Introduction

In recent years, a series of social movements, such as the MeToo movement in the United States in 2017 and the Fridays for Future
movement initiated by Swedish environmental activist Greta Thunberg in 2018, alongside global climate change issues and frequent
corporate governance problems like the Wirecard financial fraud and Facebook data privacy breaches, has driven investors to place
greater emphasis on responsible investment, particularly in relation to Environmental, Social, and Governance (ESG) factors [1-3].
Corporate ESG performance plays a vital role in providing investors with insights into a company’s environmental governance, social
responsibility, and corporate governance [4], effectively reducing the information asymmetry related to the company’s non-financial
data [5,6].

According to the literature [7,8], ESG performance has become a key indicator for assessing a company’s non-financial perfor-
mance, managerial excellence, and risk mitigation capabilities. Therefore, companies should comprehensively improve their ESG
performance to optimize resource allocation, enhance transparency, and strengthen their attractiveness to investors, while also
boosting their sustainable development capability in a highly competitive market [9]. To further advocate for responsible investment
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principles and promote companies to firmly practice ESG, this paper aims to investigate whether ESG performance enhances corporate
investment efficiency, and through which channels ESG performance influences investment efficiency.

It is well known that investment, as one of the basic financial activities of a company, can significantly impact the company’s future
production, management, and development, making its efficiency a long-term concern for both scholars and investors. In a highly
competitive market environment, low investment efficiency makes it difficult for companies to convert numerous high-return in-
vestment opportunities into actual investments, potentially putting them at a disadvantage. In this context, good ESG performance
disclosure provides an effective means to improve corporate investment efficiency [10]. On the one hand, good ESG performance
alleviates information asymmetry and internal agency problems, thereby enhancing corporate transparency and reducing financing
constraints, which optimizes capital utilization and resource allocation. On the other hand, good ESG performance fosters a positive
corporate social image, bolsters trust and interaction between the company and its stakeholders, and enhances corporate reputation.
Together, these factors contribute to enhanced investment efficiency and long-term competitiveness [11-16].

However, according to neoclassical economic theory, ESG performance could also decrease investment efficiency due to its con-
sumption of corporate resources and utilization as a tool for managerial self-interest [17-19]. For example, based on a sample of US
companies from 1992 to 2014, Bhandari and Javakhadze found that corporate social responsibility reduced the sensitivity of in-
vestment to investment opportunities, leading to increased inefficient investment behavior, particularly in companies with weaker
management compensation incentives and resource shortages [19].

These pieces of evidence indicate that scholars have drawn different conclusions regarding the impact of ESG performance on
corporate investment efficiency based on different theoretical frameworks. Notably, most studies on the impact of ESG performance on
corporate investment efficiency have focused on samples from developed countries in Europe [13] and the United States [19-21].
While research on ESG topics in emerging markets [22,23], particularly in China [24-30], has been increasing, these studies primarily
focus on the relationship between ESG performance and corporate operating performance and capital market outcomes. However, few
studies have directly used samples from China and other emerging markets to assess the impact of ESG performance on corporate
investment efficiency. Additionally, few studies have explored the role of financing constraints in the impact of ESG performance on
corporate investment efficiency. Therefore, using samples of Chinese A-share companies listed in Shanghai and Shenzhen, this paper
aims to further explore how ESG information disclosure effectively improves corporate investment efficiency, which is an important
issue with strong research value and significance.

To thoroughly investigate the impact of ESG performance on corporate investment efficiency and uncover potential transmission
mechanisms, it is essential to integrate more ESG factors into future corporate management and investment strategies. This will help
improve corporate investment efficiency, optimize resource allocation, and enhance long-term competitiveness and sustainable
development capabilities.

This paper empirically examines the impact of ESG performance on corporate investment efficiency for Chinese A-share companies
listed in Shanghai and Shenzhen from 2010 to 2021, as well as the distinct impacts of ESG performance on under-investment and over-
investment. The results are validated through robustness and endogeneity tests. Additionally, this study explores the internal mech-
anism by which ESG performance improves corporate investment efficiency by alleviating financing constraints. Finally, the study
investigates the differences in the impact of ESG performance on corporate investment efficiency between state-owned and non-state-
owned enterprises, as well as between light and heavy pollution enterprises.

The potential contributions of this paper are significant to the field of sustainability. First, this study verifies the facilitating effect of
ESG performance on corporate investment efficiency using Chinese A-share company data, which provides new insights for Chinese
firms to enhance their investment efficiency. Second, this paper reveals the mechanism by which ESG performance improves corporate
investment efficiency through the alleviation of financing constraints, exploring the critical role of ESG information disclosure in this
process, thus advancing the understanding of sustainable business practices. Finally, the study offers a robust theoretical framework
that integrates stakeholder and information asymmetry theories, underscoring the strategic value of ESG management and providing
actionable insights for firms aiming to enhance their investment strategies and align with sustainable development goals.

The remainder of this paper is structured as follows: Section 2 introduces the theoretical background, and Section 3 reviews the
theoretical literature and presents the research hypotheses. Section 4 provides the data and research methodology. Section 5 presents
the empirical results and analysis, and Section 6 offers the discussion. Section 7 concludes the study.

2. Theoretical background
2.1. Stakeholder theory

According to stakeholder theory, a company’s success depends not only on satisfying the needs of shareholders but also on
addressing and fulfilling the requirements of various stakeholders, including investors, customers, suppliers, and other parties [31].
Stakeholder theory emphasizes that by effectively managing stakeholders’ needs and expectations, companies can reduce conflicts,
enhance their reputation, and strengthen overall competitiveness. Good ESG performance enables companies to manage stakeholder
relationships more efficiently, thereby improving long-term performance and sustainable development capabilities [29].

According to stakeholder theory, regular publication of ESG reports allows companies to showcase their efforts and achievements
in environmental, social, and governance aspects [32]. Such transparency fosters trust and enhances the confidence of investors and
other stakeholders, attracting additional investment and partnerships. This, in turn, can reduce the company’s financing costs, improve
resource allocation efficiency, and ultimately enhance investment efficiency.

From the perspective of external stakeholders, companies must focus on non-financial performance aspects while pursuing profit
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maximization. By effectively promoting their good ESG performance via official websites and media channels, companies improves
their reputation and transparency while fostering greater trust among investors, customers, and suppliers [33]. This impact attracts
more capital and resources, lowers financing costs, optimizes resource allocation, and significantly enhances corporate investment
efficiency [34].

2.2. The theory of information asymmetry

According to information asymmetry theory, in corporate management, managers typically possess more internal information than
external investors, leading to potential inefficiencies in investment decisions [35]. The information advantage held by corporate
managers can hinder external investors from accurately assessing the true value and future performance of the firm, thereby affecting
their investment decisions and the firm’s financing capabilities [36]. To mitigate this information asymmetry, firms need to establish
robust information disclosure systems that ensure transparency and timely transmission of information, thereby enhancing investor
confidence and decision-making effectiveness [37].

Within the framework of information asymmetry theory, good ESG performance can partially mitigate the issue of information
asymmetry. By regularly publishing ESG reports and related information, companies can demonstrate their efforts and achievements in
environmental protection, social responsibility, and corporate governance to external investors [38]. This transparency builds trust
among external investors by providing clearer expectations regarding the company’s future performance, reducing uncertainties
caused by information asymmetry. By enhancing information transparency, firms can attract more investors, lower financing costs,
optimize resource allocation, and ultimately improve investment efficiency.

According to the theory of information asymmetry, the disclosure and use of ESG performance reports also pose potential chal-
lenges [22]. If management exploits information asymmetry by selectively disclosing favorable ESG information while concealing
negative aspects, it results in incomplete and distorted information disclosure, further exacerbating information asymmetry [39].
Additionally, management may overemphasize the company’s ESG achievements to garner more external support and financing
opportunities [40]. Although such actions might enhance the company’s image in the short term, they could lead to a decline in
investor trust over the long term, increasing information asymmetry and harming the firm’s long-term investment efficiency.
Therefore, firms must ensure the completeness and authenticity of ESG information disclosure, avoiding selective disclosure that could
intensify information asymmetry, thereby maintaining long-term investment efficiency and external investor trust [41].

3. Literature review and hypotheses development
3.1. ESG performance and corporate investment efficiency

The ESG (Environmental, Social, and Governance) rating has emerged as a critical indicator for assessing a company’s sustain-
ability [42]. In recent years, scholars have extensively explored the economic consequences of ESG performance, focusing on several
key areas: the impact of ESG on corporate green innovation capacity, firm value, financial performance, financing constraints,
corporate risk, and human capital investment efficiency. Good ESG performance improves the transparency of a company’s R&D
processes and production supply chains, thereby strengthening its innovation capabilities [37,43] and ultimately increasing firm value
[44]. Moreover, ESG performance has a positive and stable effect on a company’s financial performance [45,46], as it helps alleviate
financing constraints [10,47], reduce financing costs [48], and decrease operational risks [49] and corporate risk exposure [50]. ESG
practices also improve the efficiency of human capital investments [33,51] and boost overall investment efficiency [20,52].

Furthermore, research has demonstrated that ESG performance offers a range of benefits to firms, including increased operational
efficiency [53], enhanced customer interest [54], suppression of earnings management activities [55], and strengthened social trust
[27,56]. These factors collectively make strong ESG performance a crucial driver for achieving sustainable development and long-term
investment success.

In traditional enterprise management, the pursuit of profit maximization is the primary objective of business activities, and in-
vestment plays a significant role in expanding production and achieving profit growth [57,58]. Therefore, improving corporate in-
vestment efficiency has become a key focus of research in this area [59]. Previous studies have analyzed methods to enhance
investment efficiency from various perspectives, including industrial policy transformation [60], corporate social responsibility
strategies [61], corporate governance characteristics [62], and digital transformation [63]. Among these approaches, ESG perfor-
mance reports are highly effective communication tools, providing external investors with critical information about a company’s
social responsibility practices. This warrants a closer examination of their role in enhancing corporate investment efficiency.

According to the theories of information asymmetry and stakeholder theory, on the one hand, good ESG performance reflects a
company’s ability to balance the interests of owners, managers, suppliers, investors, and the general public; this leads to an optimized
investment environment, better integrated investment channels, and ultimately improves investment efficiency [64]. On the other
hand, the good ESG performance of enterprises can alleviate information asymmetry between internal and external investors and
investees [65]. The root of this outcome is as follows. From within the corporate structure, good ESG performance can improve the
openness and transparency of corporate management and investment decisions, which is conducive to supervising the rational
arrangement of funds by enterprises and limiting the aggressive over-investment and conservative under-investment behavior of
corporate executives [66]. externally, good ESG performance sends positive signals of the company’s sustainable and sound devel-
opment, establishes a good social image, and obtains the financial support and other resources required for development to reduce the
inefficiency of enterprises’ investment behavior [67]. Given the prior discussion on the potential adverse effects of ESG performance
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on corporate investment efficiency, this study proposes two alternative hypotheses, 1a and 1b: ESG performance has a significant
positive impact or a significant negative impact on the improvement of corporate investment efficiency. Furthermore, to highlight the
contributions of this study more clearly, we have summarized recent literature on ESG performance and corporate investment effi-

ciency. as detailed in Table 1.
Hypothesis 1a. ESG performance is significantly positively correlated with corporate investment efficiency.

Hypothesis 1b. ESG performance is significantly negatively correlated with corporate investment efficiency.

Table 1
Summary of studies related to ESG performance and corporate investment efficiency.

No. Title Findings Scene Author (year)

1 The Effect of a Company’s ESG Level on South Korea

Labor Investment Efficiency

It was found that there was a significant negative (—)
result between the ESG level of a company and labor
investment inefficiency. Among them, only
governance scores significantly reduced labor
investment inefficiency

The study determines that investors to some extent
rely on these ratings to achieve profitable investment
outcomes by analyzing the relationship between asset
class concentration and ESG ratings.

Among the three ESG components, we find that
environmental and social performances have a
positive and statistically significant impact on firm
value. However, we find no evidence of any
significant effect of governance score on firm value

J. Han, K. Jung
(2024)

2 ESG Ratings in India: Assessing Their India

Reliability for Investment Decisions

M. Dhuri, R. Sinha,
S. Shukla (2024)

3 The Impact of ESG Performance on the Value
of Family Firms: The Moderating Role of
Financial Constraints and Agency Problems

254 firms that belong to
the 500 largest family-
owned firms worldwide

C. Méndez, C.
Magquieira, J. Arias
(2023)

4 ESG and Investment Efficiency: The Role of The study finds strong evidence that firms with better =~ United States W. Hu, J. Sun, Y.-
Marketing Capability marketing capabilities (MC) are more likely to engage E. Lin, J. Hu
in ESG activities. Additionally, firms with strong (2023)
marketing capabilities that engage in ESG activities
can reduce investment inefficiencies.
5 The Effect of Overconfidence and ESG level The study finds that managers’ overconfidence tends  South Korea J. Sim (2023)

on Investment Efficiency to reduce investment efficiency, but firms with higher
ESG ratings can mitigate this negative impact and
improve investment efficiency. Even in cases of
managerial overconfidence, higher ESG ratings can

still reduce inefficiencies caused by over-investment.

No.  Title Findings Scene Author (year)

Environmental, social and governance performance
(ESG) and firm investment efficiency in emerging

The study finds that firms with stronger ESG
performance have higher investment efficiency.

India and 6 other
emerging market

A. Al-Hiyari, L. A.,
M. Kolsi, O. Kehinde

markets: the interaction effect of board cultural Additionally, in environments prone to over- countries (2022)
diversity investment, board cultural diversity negatively

moderates the relationship between ESG

performance and investment efficiency.

7 Audit quality, media coverage, environmental, The results indicate that audit quality and public Canada A. Hammami, M.
social, and governance disclosure and firm media exposure are two main drivers of ESG Zadeh (2019)
investment efficiency: Evidence from Canada. transparency, and there is a negative correlation

between ESG transparency and firm-level
investment inefficiency.

8 Impact of Corporate Environmental Responsibility The study finds that corporate environmental China S. Zeng, Y. Qin, G.
on Investment Efficiency: The Moderating Roles of  responsibility significantly improves investment Zeng (2019)
the Institutional Environment and Consumer efficiency, particularly in regions with a strong
Environmental Awareness institutional environment, though the effects are

not immediate. Additionally, increased consumer
environmental awareness helps companies address
under-investment.

9 Board gender diversity, competitive pressure and The study finds that female directors significantly China M. Sultan Sikandar,

investment efficiency in Chinese private firms improve investment efficiency by monitoring M.A. Majeed, T.
management, reducing agency problems, and Ahsan (2019)
enhancing resource allocation, particularly in
curbing over-investment.

10 Corporate Social Responsibility and Investment The study shows that high levels of Corporate Social ~ United States M. Benlemlih, M.

Efficiency

Responsibility (CSR) can significantly reduce
investment inefficiency and thus improve
investment efficiency, especially in CSR activities
related to primary stakeholders.

Bitar (2018)
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3.2. ESG performance and financing constraints

Based on both domestic and international theoretical and empirical studies, the economic impact of ESG performance is influenced
by various factors, including national institutions, legal frameworks, and levels of economic development [68,69]. Therefore, to fully
understand the effects of ESG performance on financing constraints, it is essential to consider China’s distinct level of economic
development and institutional environment. First, ESG performance disclosure requirements in China primarily hinge on voluntary
advocacy, with no mandatory provisions to impose constraints. As a key indicator of a company’s non-financial information, ESG
performance plays a crucial role in evaluating a firm’s capacity for sustainable and healthy development [70].

Listed corporations actively embracing ESG principles can effectively communicate positive signals of corporate commitment to
green and sustainable development. This, in turn, creates a favorable environment for securing support from green credit policies,
subsequently leading to a notable reduction in corporate financing constraints [40,71]. Second, enterprises boasting commendable
ESG performance tend to attract significant attention from investors and external media, consequently mitigating the asymmetry in
accessing corporate value information. Such firms create a favorable external financing environment and channels, resulting in a
reduction in the cost of external capital procurement [72,73]. Furthermore, superior ESG performance serves as an indicator of
well-established and comprehensive corporate governance systems within enterprises. This helps regulate the investment behavior of
top management, reducing agency costs. In turn, this situation enhances the rationality and soundness of financing decisions and
reduces the level of corporate financing constraints [74,75]. Thus, we propose the following hypothesis:

Hypothesis 2. ESG performance is significantly negatively correlated with financing constraints.
3.3. ESG performance, financing constraints, and corporate investment efficiency

Based on the above analysis, companies with good ESG performance are better positioned to secure financial resources and other
forms of support from a diverse range of stakeholders [76,77], effectively alleviating financing constraints and enhancing their in-
vestment capacity and operational efficiency [11,78]. Therefore, this study introduces financing constraints as a key mechanism
variable to investigate how ESG influences corporate investment efficiency through this pathway [79,80].

By incorporating financing constraints as a mediating variable, we aim to explore how ESG performance impacts corporate
financing ability and, in turn, affects investment decisions and efficiency [81]. On the one hand, good ESG performance may reduce
capital costs and broaden access to financing channels, thus mitigating funding shortages and promoting more efficient investment
activities. On the other hand, companies with poor ESG performance are likely to face stronger financing constraints, resulting in
under-investment or inefficient capital allocation, and ultimately reducing corporate investment efficiency [67]. Therefore, we posit
the following hypothesis:

Hypothesis 3. ESG performance improves corporate investment efficiency by alleviating financing constraints.
3.4. Theoretical framework

Existing research suggests that the performance of ESG may influence corporate investment efficiency by affecting internal
governance factors such as board culture [23,64,81]. However, through a systematic review and analysis of relevant literature, we can
reasonably infer a relationship between ESG performance and corporate investment efficiency that includes external influences,
indicating the need to consider factors such as the financing environment, alongside the impact of ESG on the intrinsic value of target
companies [4,12,82]. Consequently, there is a need for a theoretical framework distinct from current research, which accounts for the
mediating role of financing constraints in the influence of ESG performance on corporate investment efficiency, while also delineating
the structural impacts of under-investment and over-investment within non-efficiency investment. Fig. 1 illustrates the theoretical
framework of this study. According to Fig. 1, ESG performance positively affects corporate investment efficiency and mitigates
under-investment and over-investment within non-efficient investment. In addition to considering the direct impact of ESG perfor-
mance on corporate investment efficiency, this theoretical framework integrates the perspective of financing constraints, exploring
how ESG performance affects corporate investment efficiency by alleviating financing constraints. This theoretical framework offers
multiple extendable research perspectives and theoretical development spaces, representing an emerging research direction worthy of
further exploration by scholars in the field of ESG and corporate investment efficiency.

Financing constraints
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Fig. 1. Theoretical framework.
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4. Methodology
4.1. Data sources

This study utilizes panel data from Chinese A-share listed corporations, covering the period from 2010 to 2021, as the primary data
set. The sample period of 2010-2021 was chosen for several key reasons. First, in 2008 and 2009, the Shanghai Stock Exchange and
Shenzhen Stock Exchange issued guidelines requiring listed companies to disclose information related to corporate social re-
sponsibility. Additionally, as 2021 marked the second year following the onset of the pandemic, the data can reflect its impact on
corporate investment efficiency and facilitate a comparative analysis of performance before and after the pandemic, allowing for
robust statistical analysis and reliable findings.

To ensure the reliability of the sample, we carefully screened and processed the data based on the following criteria: (1) exclusion of
listed corporations within the financial industry; (2) exclusion of listed corporations categorized as T, such as ST or *ST, which are
characterized by unstable development and significant data index volatility, particularly concerning investment efficiency; (3)
removal of listed corporate with incomplete financial data; and (4) use of a winsorizing 1 % and 99 % treatment to mitigate the in-
fluence of extreme values on all research variables. ESG disclosure data were sourced from Huazheng Company’s ESG rating data set,
while other financial data were extracted from the CSMAR database. Excel and Stata 18.0 were used for statistical analysis and data
management. A final data set of 24,524 valid observations was derived.

4.2. Variables

4.2.1. Dependent variables

The dependent variable in this study is corporate investment efficiency. Among the models for measuring investment efficiency, the
models developed by Richardson [83] and Biddle [84] are widely accepted. Compared to Biddle’s investment efficiency model,
Richardson’s model is more comprehensive and sophisticated in analyzing corporate investment behavior. This model not only focuses
on capital expenditures and investment returns but also incorporates cash flow, financial leverage, and industry effects, allowing it to
more accurately reflect corporate investment efficiency under different market conditions. Additionally, the Richardson investment
efficiency model can be adjusted according to specific research needs, offering greater flexibility and extensibility. Therefore, we used
the Richardson investment efficiency model to gauge corporate investment efficiency. The specific model is outlined as follows.

INV;yy1 = ao + a1 TobinQ;, + a;LEVi, + asCASH;, + asSIZE;; + asAGE;; + a¢RET;; + a;INVi, + » YEAR+ Y INDU+¢ (1)

The Model (1) utilizes an industry-by-industry, year-by-year regression to obtain the residuals to measure the level of corporate
inefficient investment. In model (1), INV represents inefficient investment, which is calculated as INV= (cash paid for acquisition of
fixed assets, intangible assets and other long-term assets —cash recovered from disposal of fixed assets, intangible assets and other long-
term assets)/total assets; TobinQ represents corporate growth, which is calculated as TobinQ = (market value of outstanding shares +
number of non-outstanding shares x net assets per share + book value of liabilities)/total assets; LEV indicates debt to asset ratio; CASH
indicates free cash flow; SIZE indicates enterprise size; AGE Indicates number of years in business; RET indicates basic earnings per
share ratio; ag is a constant term, a;—ay is the coefficient of each explanatory variable, variable ¢ is the residual, a positive result means
that the firm has over-investment behavior, the larger the value, the greater the degree of over-investment (Over_Inv), and conversely a
negative result means under-investment (Under_Inv), the smaller the value, the greater the degree of under-investment.

4.2.2. Independent variable

Currently, ESG performance data comes from a variety of sources, including international institutions such as MSCI, Bloomberg,
and FTSE Russell, as well as domestic agencies like HuaZheng, SynTao Green Finance, and Run Ling Global. In this study, we utilize the
HuaZheng ESG rating data to measure ESG performance. There are two main reasons for selecting the HuaZheng rating. Firstly, the
rating system integrates international standards with the unique characteristics of the Chinese market, providing a comprehensive
assessment of the sustainable development capabilities of Chinese listed companies across the three dimensions of environmental,
social, and governance. Secondly, the HuaZheng ESG rating employs an industry-weighted average approach to quantify a company’s
ESG performance into nine grades (ranging from C to AAA) and assigns corresponding numerical values (from 1 to 9), facilitating
precise quantitative analysis.

4.2.3. Intermediate variable

This research uses the KZ index to gauge the financing constraints of the mediating variables. The KZ index reflects the level of
financing constraints faced by a firm, based on indicators such as operating cash flow, cash dividends, cash holdings, leverage ratio,
and Tobin’s Q. Its advantage lies in its ability to incorporate multiple financial indicators, providing a comprehensive assessment of a
firm’s financing constraints. A higher KZ index value indicates greater financing constraints, reflecting a firm’s increased dependency
on internal capital due to difficulties in accessing external funding. The specific model (2) is presented as follows.

KZ =-1.001909 * OCF/Asset + 3.139193 * Lev - 39.3678 * Dividends/Asset -1.314759 * Cash /Asset + 0.2826389 * TobinQ
(2

in model (2), OCF, Dividends, and Cash are operating net cash flow, dividends, and cash holding levels, respectively, and are
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normalized to total assets at the beginning of the period.

4.2.4. Control variables

To account for potential influences on corporate investment efficiency from other factors, this study follows the precedent set by
many scholars and introduces the following control variables primarily considering corporate financial characteristics and internal
governance into the regression model: corporate size, financial leverage, nature of the ultimate controller, equity concentration,
percentage of independent directors, free cash flow, and management expense ratio. In addition, year and industry variables are
incorporated as dummy variables.

The definitions of variables in this study are presented in Table 2.

4.3. Model setting

This study refers to the stepwise test of mediation effects apply by He and Shi [85] and constructs models (3), (4), and (5) to validate
H1, Hla, and H1b, respectively; model (6) to validate Hypothesis 2; and model (7) to validate H3.

Ineff;; = po + p1ESGi; + p,Controls;, + Z Year + Z Industry + ¢ 3
Under_Inv;, = p, + pLESGi, + p,Controls;, + Z Year + Z Industry + ¢ “4)
Over_Inv;, = f, + p,ESG;, + p,Controls;, + Z Year + Z Industry + ¢ 5)
KZij = + p1ESGi, + pyControls;, + Y _ Year + Y _ Industry + &f (6)
Ineff;; = py + pESGi, + p,KZ + p;Controls;, + Z Year + Z Industry + ¢ 7)

in model (3)-(7), Ineff represents the corporate inefficient investment; Under_Inv and Over_Inv represents the under-investment and
the over-investment respectively; The variable KZ refers to the financing constraints; Controls stands for a series of control variables;
Year, Industry, and ¢ reflect the year fixed effects, the industry fixed effects, and the random disturbance term, respectively.

4.4. Descriptive statistical analysis

Table 3 provides the descriptive statistical results for the main variables. In the sample period, The corporate investment efficiency
has a minimum value of 0.0005, a maximum value of 0.330, and a standard deviation of 0.0528. These results indicate that corporate
investment inefficiency is common among listed corporations, with significant differences in the degree of inefficient investments
across firms. The ESG performance has a minimum value of 1, a maximum value of 9, and a standard deviation of 1.147. These results
indicate that the overall ESG performance of listed corporations in China is in the middle to high levels, but there is a large gap between
corporations. The mean value of financing constraints is 1.2098, indicating that the level of financing constraints of listed corporations
in China is generally high. Lastly, the results of the variance-inflated factor analysis of the model show that the VIF of each variable is
below 10, excluding the problem of multicollinearity among the variables.

Table 2
Variable definitions.
Variable Type Variable Variable Definition
Name
Dependent Ineff Taking the absolute value of the residuals of Richardson investment efficiency model
Variables Under_Inv Degree of under-investment, taking the absolute value of the negative residual of Richardson’s investment efficiency
mode
Over_Inv Degree of over-investment, taking the positive residual of Richardson investment efficiency mode
Independent ESG Assigned from lowest to highest according to CSI ESG ratings
Variable
Intermediate Kz KZ index
variable
Control Variables SIZE Natural logarithm of the company’s total assets
LEV Ratio of total liabilities to total assets of the Company
NSONE 1 if it is a state-owned enterprise, Otherwise 0
TobinQ Ratio of market value to book value of the company
Mfee Administrative expenses/operating income
Age Natural logarithm of the number of years the company has been listed
Indep Ratio of independent directors to total number of board members
Fhold Shareholding ratio of the largest shareholder
Ocf Net cash flows from operating activities/total assets at end of year
Year Annual dummy variables
Industry Industry dummy variable
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Table 3
Descriptive statistical results of the main variables.
Variable Type variables N mean sd min p50 max
Dependent Variables Ineff 24524 0.0426 0.0528 0.0005 0.0262 0.330
over ineff 9458 0.0505 0.0649 0.0005 0.0269 0.330
under ineff 15066 —0.0376 0.0427 —0.330 —0.0258 —0.000500
Independent Variable ESG 24524 6.517 1.148 1 6 9
Intermediate variable Kz 24524 1.2098 2.4098 —11.3311 1.4202 13.6624
Control Variables SIZE 24524 22.29 1.330 15.58 22.11 28.64
RET 24524 0.125 0.541 —0.822 0.00680 14.28
Mfee 24524 0.0918 0.0793 0.00760 0.0720 0.766
TobinQ 24524 2.084 1.475 0.802 1.619 17.73
NSOE 24524 0.391 0.488 0 0 1
Indep 24524 0.375 0.0540 0.273 0.357 0.600
ocf 24524 0.0462 0.0697 —0.224 0.0455 0.257
Lev 24524 0.445 0.205 0.0274 0.441 0.925
Fhold 24524 0.343 0.148 0.0832 0.321 0.758
5. Results

5.1. Impact of ESG performance on corporate investment efficiency

This paper first performs regression estimation on the benchmark regression models (3), (4), and (5). The results are presented in
Table 4. Column (1) shows the regression results after including control variables, industry-fixed effects, and year-fixed effects. The
results indicate that the regression coefficient of ESG is —0.003, which is significant at the 1 % level. This result indicates that good ESG
performance helps reduce corporate investment inefficiency. In terms of economic significance, a one-level improvement in firms’ ESG
performance reduces inefficiency by 0.003, which represents an increment of 7.04 % of the mean value of efficiency. The results in
columns (2) and (3) indicate that the regression coefficients between ESG performance and over-investment and under-investment are
—0.005 and —0.003 (p < 0.01), respectively. This outcome suggests that good ESG performance reduces firms’ over-investment and
addresses the under-investment problem. The effects of the remaining control variables on corporate investment efficiency are
consistent with those of previous studies. The empirical results support Hla. These findings align with Ellili et al. (2022) [86] and Zeng
et al. (2019) [87], both of whom establish a positive linear relationship between ESG performance and investment efficiency,
particularly in mitigating under-investment.

5.2. Impact of ESG performance on financing constraints

Column (2) of Table 5 presents the regression results for ESG performance’s impact on corporate financing constraints. The results
reveal a significant negative relationship between ESG performance and financing constraints, as indicated by a regression coefficient
of —0.134, with statistical significance at the 1 % level. This result implies that firms with better ESG performance experience lower
levels of financing constraints. The possible reason is that strong ESG performance reduces the risk premium demanded by investors, as
it lowers uncertainty related to the firm’s risk profile. By sending a positive signal to the market about the firm’s commitment to
sustainability and responsible governance, good ESG performance attracts more investors and financial support. This increased
investor confidence leads to improved access to capital, thereby reducing the firm’s financing constraints. Consequently, the empirical
results support hypothesis H2.

5.3. Mediating role of financing constraints

In this study, we employ the three-step method proposed by Baron and Kenny (1986) [88] to systematically analyze the mediation
effect, examining the role of the mediator variable between the independent and dependent variables. The specific steps and results of
the analysis are as follows: First, we examine the direct impact of ESG performance on corporate investment efficiency. Column 1 of
Table 5 shows that the regression coefficient of ESG performance on investment efficiency is —0.003 (p < 0.01). Second, we test the
effect of ESG performance on corporate financing constraints. The results in Column 2 of Table 5 indicate that the regression coefficient
of ESG performance on financing constraints is —0.134 (p < 0.01). Third, we assess the impact of financing constraints on corporate
investment efficiency. Column 3 of Table 5 shows that the regression coefficient of financing constraints on investment efficiency is
0.005 (p < 0.01). Moreover, Column 4 of Table 5 shows that the direct effect of ESG performance on investment efficiency is reduced
after incorporating financing constraints, with the coefficient decreasing from —0.003 to —0.005 (p < 0.01). This result indicates that
financing constraints play a partial mediating role between ESG performance and corporate investment efficiency. These empirical
results support H3.
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Table 4
The benchmark regression results.
@ (@) 3
Ineff Over_Inv Under_Inv
ESG —0.003*** —0.005%** —0.003***
(0.001) (0.001) (0.001)
SIZE —0.001 —0.002%** —0.001***
(0.000) (0.001) (0.000)
RET 0.000 0.015%** —0.013***
(0.001) (0.001)
Mfee 0.051*** 0.021%**
(0.005) (0.011) (0.004)
TobinQ 0.006*** —0.002%** 0.010%***
(0.000) (0.001) (0.000)
NSOE —0.012%** —0.020%** —0.007***
(0.001) (0.002) (0.001)
Indep 0.015%* 0.019 0.008
(0.006) (0.012) (0.006)
ocf —0.014%** 0.016 —0.031%**
(0.005)
Lev 0.006%**
(0.002) (0.004) (0.002)
Fhold 0.001 0.002 0.003
(0.002) (0.005) (0.002)
_cons 0.038*** 0.094%** 0.030%**
(0.008) (0.017) (0.008)
Industry Yes Yes Yes
Year Yes Yes Yes
N 24524 9458 15066
Adj. R? 0.103 0.074 0.224
Standard errors in parentheses.
*p < 0.1, **p < 0.05, ***p < 0.01.
Table 5
The mediation effect regression results.
@D (2 3) ]
Ineff Kz Ineff Ineff
ESG —0.003*** —0.134%** —0.005%**
(0.001) (0.018) (0.000)
Kz 0.005%*** 0.001***
(0.000) (0.000)
SIZE —0.001 —0.181%*** —0.002%** —0.001
(0.000) (0.009) (0.000) (0.001)
RET 0.000 —0.292 —0.001 0.038***
(0.001) (0.019) (0.001) (0.005)
Mfee 0.034%** 0.835%** 0.038*** 0.008***
(0.005) (0.118) (0.005) (0.000)
TobinQ 0.006%** 0.417%** 0.008*** —0.011%**
(0.000) (0.007) (0.000) (0.001)
NSOE —0.012%** 0.282%** —0.012%** 0.017%**
(0.001) (0.019) (0.001) (0.006)
Indep 0.015%** 0.429%** 0.017%** —0.098***
(0.006) (0.147) (0.006) (0.007)
ocf —0.014* —16.584*** —0.098* 0.049%**
(0.005) (0.122) (0.007) (0.003)
Lev 0.012%** 7.391%** 0.050%** —0.003
(0.002) (0.048) (0.003) (0.002)
Fhold 0.001 —0.926%*** —0.004 —0.004%**
(0.002) (0.057) (0.002) (0.001)
_cons 0.038*** 1.556%** 0.057*** 0.046%**
(0.008) (0.201) (0.008) (0.008)
Industry Yes Yes Yes Yes
Year Yes Yes Yes Yes
N 24524 24524 24524 24524
Adj. R? 0.103 0.739 0.116 0.117

Standard errors in parentheses.

*p < 0.1, **p < 0.05, ***p < 0.01.
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5.4. Robustness analysis

5.4.1. Common support test

To mitigate potential non-random selection bias, this research utilizes the propensity score matching (PSM) method to enhance the
study’s robustness. The process is detailed as follows: (1) Sample Stratification: Samples are categorized into experimental and control
groups based on corporate ESG performance levels; (2) Probit Model Development: A Probit model, incorporating influencing factors
for ESG performance, is constructed. The selected matching variables include control variables, year, and industry dummy variables,
with all control variables being those used in the empirical regression of this study; (3) Matching Process: Using the control variables
previously specified, matching is conducted using the kernel matching method; (4) Matched Sample Outcomes: The results of the
balanced test are presented in Table 6. After matching, the absolute standardized differences of all variables are below 5 % and not
statistically significant.

(5) Validation of Common Support: A density function plot (Fig. 2) is generated using PSM to further assess the fitting effect of the
experimental versus control groups. The results illustrate that following PSM, sample enterprises in the experimental group, with
propensity values ranging from 0.2 to 1, overlap with corporate counterparts in the control group. This result suggests an improved
common support overlap, which aligns with the assumption of common support. (6) Regressive Analysis: The matched treatment and
non-received treatment groups undergo another regression analysis, generating 19049 matched observations. These results are
consistent with the fundamental regression findings outlined previously, thereby reasserting the method’s scientific rigor and
rationality.

5.4.2. Metrics for substituting explanatory variables

For the primary regression analysis, this study uses core explanatory variables based on Huazheng’s ESG ratings data from the Wind
database. However, considering that ESG rating may not be derived from purely objective information (e.g., corporate financial
statements), the fairness of indices compiled by specific organizations may be a subject of debate. To address concerns with data
availability and robustness, this study conducts a supplementary test using the Bloomberg ESG database as an alternative source for
measuring ESG performance. After substituting the alternative explanatory variables, the coefficients of ESG2 in the regressions related
to overall non-investment efficiency, financing constraints, over-investment, and under-investment remain significantly negative at
the 1 % level. The results are presented in Table 7. As shown in column (1) of Table 7, the coefficient of ESG2 on overall non-investment
efficiency is —0.0002, signifying a significant negative relationship at the 1 % level. This outcome suggests that even when changing
the measurement of explanatory variables, the core conclusions of this research remain unaffected. Moreover, the other regression
findings align with the previously established results. These consistent results confirm the robustness of the primary regression
outcomes.

5.4.3. Metrics for replacing explanatory variables

The operating growth rate is utilized as a replacement for Tobin’s Q in Richardson’s residual model to redefine firm growth in this
study. The outcomes are detailed in column (2)-(4) of Table 7. The regression results show that the coefficients between ESG per-
formance and corporate investment inefficiency, under-investment, and over-investment are —0.006 (p < 0.01), —0.010 (p < 0.01),
and —0.003 (p < 0.01). It is consistent with the benchmark regression results, indicating that the inhibitory effect of corporate ESG
performance on corporate inefficiency investment exists robustly.

5.4.4. Lag test

To address the potential issue of bidirectional causality between ESG performance and corporate investment efficiency, this study
introduces a one-period lagged explanatory variable. The findings presented in column (5) of Table 7 indicate that the coefficient of the
lagged explanatory variable (ESG3) is —0.002, signifying statistical significance at the 1 % level. These results affirm the robustness of
the core regression analysis. Note that even after extending the lag to two, three, four, and five periods, the results continue to exhibit
statistical significance, underscoring the consistency and strength of the findings.

5.4.5. Instrumental variable estimations

In this study, we employ the instrumental variable (IV) approach to mitigate potential endogeneity issues. Specifically, following
[89], we use the Air Quality (AQ) published by the China Meteorological Administration as an instrumental variable. The rationale for
selecting air quality as the instrument is threefold: first, as a regional environmental indicator, air quality is closely related to the
environmental policies and corporate social responsibility awareness in the location where a company operates, which may influence
ESG performance, particularly in its environmental efforts. Second, while air quality may have some impact on ESG performance, its
direct impact on corporate investment efficiency is weaker and more indirect, allowing for the effective control of other confounding
factors related to investment efficiency. Third, air quality exhibits strong externalities and is not easily influenced by individual firms,
making it relatively independent as an instrumental variable and unlikely to be directly related to corporate investment decisions.
After appropriately controlling for fixed effects, it can be reasonably assumed that this instrumental variable influences corporate
investment efficiency mainly through its impact on ESG performance, rather than through other channels, thereby satisfying the
requirement of exogeneity.

Table 8 presents the results of the instrumental variable regressions. The first-stage results show that the coefficient of the
instrumental variable on ESG is statistically significant, indicating a strong correlation between the chosen instrument and ESG
performance. Furthermore, the F-statistic for the weak instrument test is 347.74, well above the critical threshold of 10. This high F-
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Table 6
Balance test results.
Variable Name Unmatched Standard Deviation (%) Error Erosion (%) T-examine
Matched T-value P-value
Lev U 18.900 93.4 14.400 0.000
M 1.2 0.870 0.383
Size U 68.7 94.8 53.600 0.000
M 3.6 0.44 0.661
ocf U 11.800 69.1 9.000 0.000
M —3.600 0.29 0.773
Indep U —0.700 14.8 —0.510 0.611
M —0.600 —0.390 0.694
Fhold U 23.500 95.6 18.020 0.000
M 1 0.690 0.488
TobinQ U —17.700 97.5 —13.340 0.000
M —0.400 —0.330 0.744
NSOE U 45.100 93.1 34.620 0.000
M —3.100 —0.03 0.978
Mshare U —27.400 98.2 —20.660 0.000
M —0.500 —0.380 0.705
Mfee U —14.400 88.7 —10.950 0.000
M 1.6 1.210 0.228
Before propensity score matching After propensity score matching
3 Re "\\ = Experimental group 2 = ‘\. e Experimental group
l, \‘ = = = Control group 4 b = = = Control group
1.5
2 27 2
s s
£ £ 4
2 2
@ ]
x 1 . a2
54
0 X O L T T T T T T
0 2 4 6 8 1
Propensity score Propensity score
Fig. 2. Density function of probability distribution of propensity score values.
Table 7
Replacement variables and lagged test results.
1 2) 3) [©)] 5)
Ineff Ineff2 Over_Inv2 Under_Inv2 Ineff
ESG —0.006%** —0.010%** —0.003***
(0.001) (0.002) (0.001)
ESG2 —0.0002***
(0.0000)
ESG3 —0.002%**
(0.001)
Controls Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes
N 21165 24268 8953 15315 20441
Adj. R? 0.089 0.056 0.090 0.091 0.165

Standard errors in parentheses.
*p < 0.1, **p < 0.05, ***p < 0.01.
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Table 8
Instrumental variable approach.
Variable First stage Second stage
ESG Ineff
ESG —0.064**
(0.027)
AQ 0.018%***
(0.000)
Controls Yes Yes
Year Yes Yes
Industry Yes Yes
Constant —2.631%** —0.149%*
(0.000) (0.050)
N 17832 17832

Standard errors in parentheses.
*p < 0.1, **p < 0.05, ***p < 0.01.

statistic suggests that the instrumental variable is appropriately selected and has strong explanatory power. The second-stage
regression results reveal that the coefficient of ESG is negative and statistically significant at the 5 % level, further supporting the
core conclusion of this study: ESG performance significantly reduces inefficient investment.’

5.4.6. Heckman two-stage test

Furthermore, we utilize the Heckman two-stage regression to address potential sample selection bias. Specifically, in the first step,
we use the control variables from the baseline model and the instrumental variables constructed earlier as independent variables, and
the core explanatory variable (ESG performance) as the dependent variable to construct a selection equation based on a Probit model.”
This allows us to calculate the inverse Mills ratio. The estimation results from the first step show that the coefficient of the instrumental
variable is significantly positive, indicating that the selected instrumental variable significantly enhances corporate ESG performance,
which is consistent with the results reported in Table 8, this is not repeated here.

In the second step, we include the inverse Mills ratio as an additional control variable in the baseline model for regression analysis.
The results of Heckman’s second-stage test are shown in columns (1) to (3) of Table 9. These results demonstrate that IMR is significant
at the 1 % level and passes the significance test. This outcome suggests that the original model may have a sample selection bias
problem. After controlling for the variables as control variables, the regression coefficients of ESG on inefficiency, over-investment,
and under-investment are negative and significant at the 1 % level. This result aligns with the benchmark regression results. There-
fore, the positive impact of ESG performance on corporate investment efficiency remains robust.

5.5. Heterogeneity analysis

5.5.1. Property rights heterogeneity

Within the current Chinese market landscape, listed corporations with different ownership structures exhibit varying motivations
and willingness to engage in ESG disclosure. Thus, differences in shareholding structure affect the role of ESG performance in
enhancing corporate investment efficiency. To account for these differences, we categorize listed corporations based on the nature of
the actual controllers. Those controlled by state-owned enterprises, administrative agencies, institutions, central agencies, and local
agencies fall into the state-owned enterprises category, while the rest are classified as non-state-owned enterprises.

The results presented in columns (1)-(2) of Table 10 reveal that ESG performance plays a markedly pronounced role in enhancing
the investment efficiency of non-state-owned listed corporations. This discrepancy can be attributed to the fact that state-owned
enterprises, which enjoy strong government backing and ample access to financing sources, face relatively relaxed financing con-
straints. By contrast, non-state-owned enterprises operate within more constrained financing conditions, with limited financial re-
sources and anticipated funding availability significantly impacting corporate investment decision-making processes. Consequently,
non-state-owned listed enterprises grappling with more substantial financing constraints stand to gain greater benefits from pub-
lishing positive ESG disclosure information [86]. Therefore, ESG performance can exert a significantly substantial marginal effect on
the investment efficiency of non-state-owned listed corporations.

1 In addition to the instrumental variable previously discussed, this study also employs the average ESG ratings of other listed companies in the
same city as each sample firm as an additional instrumental variable. The results remain robust. Due to space constraints, the justification for this
instrumental variable and the corresponding results are available upon request.

2 In the first-step estimation of the Heckman treatment effect model, it is necessary to include an exclusion restriction variable, which can only
affect the dependent variable in the first-step estimation and not the dependent variable in the second-step estimation. Therefore, we select the
previously constructed instrumental variable as the exclusion restriction variable.
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Table 9
Results of the Heckman two-stage test.
Variables 1) (2) 3)
Ineff Over_Inv Under_Inv
ESG —0.030%** —0.076%** —0.005**
(0.006) (0.002) (0.040)
IMR 0.016%** 0.0447%* 0.069%**
(0.003) (0.007) (0.008)
_cons —0.136%** —0.220%** —0.045**
(0.020) (0.039) (0.019)
Industry Yes Yes Yes
Year Yes Yes Yes
Adj. R? 0.106 0.081 0.225
N 17830 6831 10999
Standard errors in parentheses.
*p < 0.1, **p < 0.05, ***p < 0.01.
Table 10
Heterogeneity analysis test results.
variables ) 2) 3) [C)] (5) 6)
Ineff Ineff Ineff Ineff Ineff Ineff
State-owned Non-state- Heavily Lightly polluting ~ Multi-institutional Fewer institutional
enterprises owned polluting enterprises investors as a percentage of  investors than
enterprises enterprises corporate corporations
ESG —0.002%* —0.004%** —0.003** —0.004%** —0.005%** —0.001
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Controls Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
Adj. R? 0.098 0.147 0.165 0.243 0.294 0.126
N 9590 14934 6911 17613 12262 12262
The p-value for the 0.050%* 0.065* 0.033%*
coefficient
difference”

Standard errors in parentheses.
*p < 0.1, **p < 0.05, ***p < 0.01.
@ The inter-group coefficient difference tests in the heterogeneity analysis are calculated based on a seemingly unrelated regression model.

5.5.2. Industry heterogeneity

Within China’s distinctive market economy system, enterprises across different industries encounter distinct market conditions and
varying levels of government intervention. These variations stem from differences in development characteristics, environmental
preservation mandates, and the extent of government involvement among industries. Consequently, the influence of ESG performance
on the investment efficiency of listed corporations varies significantly according to industry. This study divides the entire sample into
two categories, namely, heavy polluters and light polluters, based on the classification and management directory specified in the “List
of listed corporate’ environmental verification industry” (Environmental Affairs Office Letter [2008] No. 373). This classification
enables us to conduct an in-depth exploration of the connection between ESG performance, financing constraints, and corporate in-
vestment efficiency.

The results in columns (3)-(4) of Table 10 indicate that favorable ESG performance notably bolsters the investment efficiency of
listed corporations operating in industries associated with light pollution. By contrast, the impact of ESG performance on corporate in
heavily polluting sectors is comparatively weaker. One possible explanation for this disparity is that relative to heavily polluting
industries, those in the light pollution sector generally face less stringent ESG disclosure requirements. Consequently, investors have
substantial confidence in the ESG disclosure reports of corporations operating in the light pollution industry. Hence, positive ESG
disclosure likely encourages investment resources to be directed toward listed corporations, ultimately leading to increased corporate
investment efficiency. Conversely, for corporations entrenched in heavily polluting industries, prevailing stereotypes impact how
investors perceive heavily polluting enterprises’ ESG disclosure practices. Investors may harbor a degree of skepticism on the ESG
disclosure behavior of these corporations. Moreover, good ESG performance may be misinterpreted as “whitewash” behavior by
heavily polluting corporations. This misunderstanding diminishes the effectiveness of ESG disclosure in enhancing corporate in-
vestment efficiency within this context.

5.5.3. Institutional investor heterogeneity
Institutional investors play a pivotal role in influencing the ESG disclosure and financing choices of listed corporations. Institutional
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investors’ capacity to facilitate information transmission and oversight contributes to an enhanced external information environment
for these corporations, thereby impacting the quality of corporate investment decisions. Moreover, the influence of ESG performance
on corporate investment efficiency differs based on the proportion of institutional investors among corporate investors. This study
utilizes the proportion of institutional investors within firms as a proxy indicator for corporate investor engagement. Samples
exhibiting a higher proportion of institutional investors compared with the median value for corporate respective industries and
quarters are classified as the multi-institutional investor group. Conversely, samples with a lower proportion than the median are
categorized as the fewer institutional investor group.

The outcomes presented in columns (5)-(6) of Table 10 reveal that samples featuring a greater proportion of institutional investors
in listed corporations exhibit a more pronounced contribution of ESG performance to corporate investment efficiency. This phe-
nomenon can be attributed to the fact that in corporations with a higher concentration of institutional investors, the efficiency of
transmitting the positive effects of good ESG disclosure is more substantial. Consequently, these positive effects are conveyed directly
and effectively to investors.

6. Discussion
6.1. Theoretical implications

From a theoretical perspective, this study makes three significant contributions. First, good ESG performance has a positive effect
on improving corporate investment efficiency, and its impact on under-investment is more significant compared to over-investment.
Therefore, corporate decision-makers are encouraged to adopt a long-term sustainable strategic vision and recognize the enduring
benefits of ESG practices, and make proactive investments in ESG initiatives. Compared to existing studies that primarily focus on the
effects of Environmental [79], Social [21], or Governance [77,90] on corporate investment efficiency, this research adopts a more
holistic approach by examining ESG performance as a unified rating. This comprehensive perspective provides a deeper understanding
of how the combined effect of all three components influences investment efficiency. Furthermore, in the theoretical analysis, unlike
existing studies [91] that primarily consider the impact of ESG performance on corporate performance from the perspective of agency
problems, this paper integrates stakeholder theory and information asymmetry theory to focus on analyzing the impact of ESG per-
formance on corporate investment efficiency from the viewpoint of external oversight.

Second, existing literature primarily explores the internal mechanisms and heterogeneity of ESG performance affecting corporate
investment efficiency from perspectives such as board cultural diversity [23], audit quality and media exposure [81], managerial
overconfidence [52], marketing capabilities [20], and asset class concentration [22]. Some studies have also examined the impact of
ESG performance on financing constraints [40,91,92]. However, research examining the effect of ESG performance on corporate
investment efficiency through the lens of financing constraints is limited. On the other hand, most existing research focuses on markets
in countries such as the United States [20,21], South Korea [33,52], Canada [81], and India [22], with relatively few studies examining
the Chinese market. Therefore, this study uses a sample of Chinese publicly listed companies to further explore the relationship be-
tween ESG performance, financing constraints, and corporate investment efficiency, contributing to the development and deepening of
theory in this field, and assisting companies in devising more effective financing strategies and enhancing investment efficiency.

Third, in the heterogeneity analysis, the results show that ESG performance has a more significant impact on improving investment
efficiency in low-pollution enterprises compared to heavy polluters. This may be because the environmental efforts of low-pollution
companies are more likely to be perceived as genuine and credible by investors, while those of heavy polluters are more likely to be
viewed as “greenwashing.” Therefore, heavy polluters should enhance the authenticity of their ESG practices by adopting more
transparent measures to build investor trust. They should avoid superficial initiatives and prioritize meaningful environmental im-
provements to genuinely enhance investment efficiency and corporate reputation. This study is among the first to reveal a negative
two-way relationship between industry characteristics and ESG performance, underscoring the need for heavy polluters not only to
avoid “greenwashing” but also to moderate their ESG performance to prevent skepticism arising from overly positive portrayals.

6.2. Managerial and policy implications

This study offers practical implications for companies developing their ESG systems and for regulators guiding investor focus.
Specifically, it includes the following aspects.

First, corporations should actively engage in ESG practices to enhance their ESG performance. The evidence suggests that strong
ESG performance can alleviate financing constraints and improve corporate investment efficiency. Additionally, strengthening
corporate social responsibility and improving information disclosure are essential for meeting sustainability requirements and inte-
grating resources. Corporations should incorporate ESG principles into daily operations, product manufacturing, and investment
choices, which can foster environmental awareness and corporate governance, contributing to long-term corporate sustainability.

Second, investors should leverage online platforms to better understand companies’ ESG performance and ensure they are eval-
uating genuine ESG efforts. This can help identify and discourage “greenwashing” behaviors. The analysis also indicates that insti-
tutional investors can play a significant role in enhancing corporate investment efficiency based on ESG performance. To address
financing constraints, financial institutions and institutional investors should support companies with strong ESG performance by
promoting green bonds and green initiatives. This could contribute to the growth of a green capital market ecosystem in China,
addressing corporate financing needs.

Third, from the perspective of regulatory bodies, it is important to accelerate the standardization and mandatory disclosure of ESG
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reports and strengthen supervision to prevent deceptive practices like “greenwashing.” At present, ESG disclosure in China remains
mostly voluntary, with no standardized framework governing report content and structure. This can result in inconsistencies and
exaggerations. Strengthening monitoring systems will help improve the credibility of ESG reports, particularly from firms in heavily
polluting industries, and increase investor confidence.

6.3. Limitations and future research agenda

This study has certain limitations, which suggest directions for future research. First, the sample size is constrained by the relatively
recent introduction of ESG ratings in China and variations among rating agencies regarding ESG rating criteria, systems, and coverage.
This study relies solely on the Huazheng ESG rating database, which may introduce potential biases in the results. Future research
could incorporate alternative ESG rating databases to expand the sample size and improve the generalizability of the findings. Second,
due to the accessibility and accuracy of Huazheng ESG data, the data in this study only covers the period from 2010 to 2021. Future
studies could include ESG performance data from 2022 onwards to generate more robust conclusions. Third, although we explored the
role of financing constraints in the relationship between ESG performance and corporate investment efficiency, this study did not
explore the potential influence of other factors on this relationship. Future research could further explore other mechanisms through
which ESG performance affects corporate investment efficiency, to gain a clearer understanding of their interaction.

7. Conclusion

This study explores the relationship between ESG performance and corporate investment efficiency using data of 3185 listed
Chinese A-share corporate for 2010-2021. The findings can be summarized as follows. First, ESG performance improves corporate
investment efficiency by suppressing under-investment and over-investment, and its impact on under-investment is more significant
compared to over-investment. The possible reason is that ESG performance enhances the transparency of a firm’s non-financial
performance and boosts investor confidence in the firm’s sustainability, thereby improving its financing capacity. Second, the in-
fluence of ESG performance on investment efficiency is partially mediated by financing constraints. That is, ESG performance improves
investment efficiency by alleviating corporate financing constraints. Third, the effect of ESG performance on corporate investment
efficiency differs across various types of firms. Private corporations, those categorized as light polluters, and businesses with a sub-
stantial institutional investor presence exhibit a more significant positive effect compared with state-owned enterprises, corporations
in industries with heavier pollution footprints, and those with a limited proportion of institutional investors. These variations
emphasize the diverse role of ESG performance across different corporate settings.

However, this research has certain limitations. Firstly, this study is based on publicly available ESG ratings, which may not fully
reflect the breadth of ESG activities or reflect differences in reporting standards across firms. Secondly, the analysis is constrained to
listed Chinese A-share companies, which may limit the generalizability of the findings to other markets or unlisted firms. Finally, while
the study accounts for variations across different firm types, it does not fully explore the potential impact of external factors such as
regulatory changes or economic conditions that may also affect the relationship between ESG performance and investment efficiency.

Future research could overcome these limitations by investigating the impact of ESG performance across different markets or
economic contexts, potentially using cross-country data to enhance the understanding of global ESG dynamics. Longitudinal studies
that track changes in ESG performance over time could provide insights into the causal relationship between ESG activities and in-
vestment outcomes.
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