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Abstract 

 

Research background: Corporate sustainable development (CSD) is essential to a company's 

success and survival. Environmental, social, and governance (ESG) are regarded as major 

factors in measuring the impact of CSD. Companies that perform well in terms of ESG can 

maintain a competitive advantage and achieve sustainable development. Poor management of 

ESG performance and involvement in controversial activity can harm a company's credibility 

and reputation in the market, as well as negatively impact sustainable development.  

Purpose of the article: Drawing on the stakeholder and signaling theories, this paper investi-

gates the curvilinear nexus between ESG performance and CSD. 

Methods: Empirical studies were conducted on a sample of 697 Chinese listed manufacturing 

firms that disclosed ESG information from 2010 to 2020, with a total of 5699 firm-year observa-

tions. Quantile regression analysis and the U-test were used to examine the curvilinear ESG-

CSD relationship. This technique was supplemented by conducting instrumental variables 

tests and propensity score matching to address concerns relating to the potential existence of 

endogeneity problems. 

Findings & value added: The results of the quantile regression estimation confirm the con-

cave-convex (inverted U-shaped and U-shaped) ESG-CSD relationship via the U-test. The 

relationships between the environmental and social components and CSD follow an inverted 

U-shaped or half-inverted U-shaped pattern, while the relationship between the governance 

component and CSD exhibits a concave-convex pattern. A concave ESG-CSD nexus is evident 

in environmentally sensitive industries, whereas a half concave-convex ESG-CSD nexus is 

confirmed in non-environmentally sensitive industries. This study improves scholars’ under-

standing of ESG performance and provides a comprehensive perspective on the double-edged 

effects (positive and negative consequences) of ESG practices. The instrumentalization of ESG 

practices for management to seek personal gain has a negative impact on CSD, while ESG 

practices that add value for stakeholders have a positive impact. These findings provide em-

pirical evidence for Chinese publicly listed manufacturing firms to effectively conduct ESG 

practices. 

 

 

Introduction 

 

Corporate sustainable development (CSD) is an essential strategic tool for 

firms seeking to ensure their long-term growth, survival, and development 

in the context of increasingly competitive business markets (L´opez & Mon-

fort, 2017; Sanoran, 2023). The terms ‘sustainable growth’ and ‘sustainable 

development’ are often used interchangeably (Naseer Naseer & Bagh, 

2024). Sustainable growth rate (SGR) is a financial indicator that measures 

the maximum growth rate a company could achieve without increasing its 

leverage level (Higgins, 1977), and is used to assess the future potential for 

sustainable development of the company (Wang et al., 2022). In the context 

of today’s fast-changing political,  economic,  governance,  and  competitive  
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environment, companies are struggling to achieve CSD (or SGR) (Mamilla, 

2019). 

Sustainable development is a current international trend, with many 

countries placing emphasis on enterprises to disclose environmental, social, 

and governance (ESG) performance (Chen & Xie, 2022). Due to an intensi-

fying worldwide focus on ESG factors, corporate ability for sustainable 

growth has emerged as a critical aspect of financial decision-making (Liao 

et al., 2022). The fundamental concept of ESG is for enterprises to take into 

account the welfare of the environment, society, and pertinent stakeholders 

in their commercial operations and investment strategies to achieve sus-

tainable growth and economic goals (Hao & He, 2022; Luo et al., 2023). 

Companies with greater ESG performance1 can maintain a competitive 

advantage and achieve CSD (Wang & Jin, 2023). Conversely, poor ESG per-

formance and the potential involvement in controversial incidents or activi-

ties may not only harm the company's credibility and reputation in the 

market, but also exert an adverse impact on financial performance and CSD 

(Oprean-Stan et al., 2020). ESG performance is one of the key ways to en-

hance CSD, with the interdependence between economic, social, and envi-

ronmental components being fundamental (Lazar & Chithra, 2022). 

The relationship between ESG performance (proxied by Bloomberg’s 

ESG score) and CSD is still not clear, which presents a challenge when for-

mulating management policies (de la Fuente et al., 2022). Despite extant 

literature investigating the ESG-CSD nexus, there remains a substantial gap 

in understanding the multifaceted effect of ESG performance on CSD. For 

example, the stakeholder theory proposes goodwill or moral capital among 

stakeholders is increased with greater investment into ESG practices (El 

Ghoul et al., 2011), leading to greater financial performance and CSD (Jon-

wall et al., 2023). The results of other studies also show a positive ESG-CSD 

relationship (Oprean-Stan et al., 2022; Wang & Jin, 2023). However, in ac-

cordance with the signaling theory proposed by Spence (1973), ESG per-

formance may hinder sustainable growth due to the possibility of incurring 

specific expenses, giving rise to the perception of greenwashing, which is 

misleading disclosure of environmental information, and amplifying oper-

ating costs (Wang et al., 2022), thereby resulting in an adverse correlation 

with CSD (Christensen et al., 2022; Deng et al., 2023). Such contentious re-

 

1 ESG performance is a measure of how well a company is adhering to these criteria, 

which is usually proxied by ESG scores. ESG scores measure how well a company operates in 

areas other than its financial success (Ammar Zahid et al., 2023). 
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sults indicate a potential non-linear correlation between ESG performance 

and CSD, and both a positive and negative association.  

In addition, lower ESG performance is found to have a positive impact 

on CSD, while higher ESG performance results in lower CSD in some com-

panies. As postulated by Li et al. (2022), the shift from positive to negative 

CSD results could be attributed to the alignment of ESG strategies, for ex-

ample, ESG activities that address stakeholders’ demands can enhance 

CSD, while management’s self-interested ESG activities can be detrimental 

to CSD.  

The rapid development of industrialization and urbanization has result-

ed in China's continued high demand for energy, with carbon dioxide 

emissions accounting for 29% of global emissions, exceeding those of the 

USA and Europe combined (Cao et al., 2021). In the light of China's dual 

carbon (carbon peaking and carbon neutrality) goals and the prioritization 

of sustainable development, the ESG concept has garnered significant in-

terest in the Chinese market (Chai et al., 2023). As ESG development in 

China is still in the preliminary stages, investors and companies may lack 

clarity regarding the specific implications of ESG practices on CSD (Wu et 

al., 2021; Zhao et al., 2022).  

Corporate fulfillment of ESG responsibilities is an important tool for 

achieving sustainable social development (Litvinenko et al., 2022). Manu-

facturing is a pivotal component of the real economy, as it addresses not 

only economic implications, but also environmental and social impacts 

arising from its operations (Luo et al., 2023). Thus, it is imperative to incen-

tivize manufacturing firms to invest proactively in ESG by examining the 

impact of ESG performance on the CSD of manufacturing firms in China. 

This research’s primary objective is to fill current knowledge gaps by 

empirically investigating the nonlinear impact of ESG performance and its 

individual components (environmental, social, and governance) on CSD in 

Chinese listed manufacturing firms. The Bloomberg ESG score is used to 

measure ESG performance, whereas corporate SGR and market-based met-

rics are used to measure firms’ CSD. Ordinary least squares (OLS) regres-

sion and quantile regression (QR) methods are utilized to conduct the em-

pirical research, supplemented by instrumental variables tests and propen-

sity score matching (PSM) methods to address concerns regarding potential 

endogeneity problems. 

The concave-convex relationship between ESG performance and CSD is 

proven via the research results. On further analysis, it is evident the indi-
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vidual ESG components have a differing impact on CSD. The relationship 

between the environmental component (ESGE) and CSD follows a concave 

(or half-concave) form, as does the relationship between the social compo-

nent (ESGS) and CSD. However, the connection between the governance 

component (ESGG) and CSD has a concave-convex pattern. These results 

remain robust after using alternative measures of CSD, instrumental varia-

bles tests, and PSM tests.  

To further clarify if the relationship between ESG performance and CSD 

varies for environmentally sensitive (ES) industries, a series of heterogenei-

ty tests were administered. The QR results confirm a concave (inverted U-

shape) ESG-CSD nexus in ES industries, and a concave-convex (inverted U-

shape and half U-shape) ESG-CSD nexus in non-environmentally sensitive 

(NES) industries. Hence, this study demonstrates ESG performance can 

have both positive and negative effects on CSD and offers empirical evi-

dence to encourage Chinese listed manufacturing firms to beneficially in-

corporate ESG practices. 

This article is structured as follows: section two examines existing litera-

ture and discusses the hypotheses; section three outlines the research de-

sign and methodology; section four presents the model design; section five 

presents the results, including robustness tests and cross-sectional hetero-

geneity assessments; section six provides a summary of the results and 

discussions; and the final section offers the conclusions. 

 

 

Literature review and hypotheses development 

 

Theoretical overview 

 

As simplified below, this study attempts to explain the ESG-CSD relation-

ship with two conflicting theories, the stakeholder theory and the signaling 

theory. 

Based on the stakeholder theory, corporate environmental and social re-

sponsibility can reduce transaction costs with stakeholders and increase 

their participation in creating firm value (Freeman & Evan, 1990). ESG per-

formance is increasingly becoming a means of communication between 

companies and their stakeholders, as well as a way for companies to en-

hance their corporate value (Arvidsson & Dumay, 2022). Companies that 

exhibit exceptional ESG performance can obtain greater financial funding 
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and tax benefits from the government (Jonwall et al., 2023), which enhances 

their competitive positioning and reputation in the marketplace (Muhmad 

et al., 2021). ESG performance can also help investors understand the com-

pany’s operations, reducing information asymmetries between inside and 

external investors, and laying the groundwork for sustainable growth 

(Wang et al., 2022). Simultaneously, disclosing ESG data, according to 

stakeholders' expectations (Ma et al., 2022), can improve employees' work 

environment and sense of belonging. This, in turn, contributes toward at-

tracting and retaining superior employees and maintaining business stabil-

ity (Gu et al., 2020; Wang & Jin, 2023). Thus, maximizing ESG performance 

is often considered a CSD strategy. 

Drawing on the signaling theory (Spence, 1973), managers can reduce 

information asymmetries by disclosing information to external stakehold-

ers (Hahn & Kühnen, 2013). By investing in disclosing positive information 

about their sustainability commitments, businesses can provide stakehold-

ers with unique insights that cannot be obtained elsewhere (Maas et al., 

2014; Wang et al., 2018). However, the signaling theory suggests that dis-

closing ESG information could hinder CSD by increasing certain expenses, 

leading to the perception of greenwashing and escalating operational costs 

(Wang et al., 2022). Companies behaving irresponsibly are likely to be os-

tracized by the market, as suggested by Carnini Pulino et al. (2022) and 

Connelly et al. (2011), which is reflected by their lower performance and 

EBIT (Earnings Before Interest and Tax) (Carnini Pulino et al., 2022), thus 

inhibiting the company's sustainable development. As a result, ESG per-

formance ultimately negatively affects CSD (Christensen et al., 2022; Deng 

et al., 2023). 

The preceding discussion confirms the stakeholder theory proposes 

a positive linear relationship between ESG performance and CSD, whereas 

the signaling theory supports a negative linear relationship between ESG 

performance and CSD. Despite the disparate findings, the results advance 

the understanding of the connections between ESG performance and CSD; 

however, the combined effect of the stakeholder and signaling theory on 

the ESG-CSD relationship is relatively unknown. It is possible this theoreti-

cal relationship is inherently nonlinear, meaning the model requires a non-

linear specification to clarify the diverse findings observed in prior research 

(Li et al., 2024). 
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ESG-CSD nexus 

 

In current literature, opinions on how ESG and CSD relate to each other 

are diverse. Research aligned with the stakeholder theory proposes ESG 

performance is a control mechanism intended to fulfil both investor and 

non-investor stakeholders’ interests. There is also evidence suggesting 

a positive relationship between ESG and CSD. For instance, Oprean et al. 

(2020) demonstrate European companies implementing ESG to a greater 

extent generate higher CSD. Similarly, ESG positively affects CSD within 

Chinese companies (Chai et al., 2023; Lee, 2023; Wang et al., 2022; Wang & 

Jin, 2023). These findings infer firms with superior ESG performance are 

more likely to exhibit greater CSD aspirations.  

As Christensen et al. (2022) suggest, different interpretations of ESG in-

formation increase as the number of disclosures increase, leading to greater 

disagreement regarding ESG scores. Accordingly, doubts surrounding 

a firm’s sustainability are provoked, hindering its access to external financ-

ing. In addition, the disclosure of ESG information might reinforce manag-

ers' irrational behavior to showcase their competency and gain from the 

company’s resources, resulting in an increased probability of over-

regulation by shareholders (Hahn & Kühnen, 2013). This may make it hard 

for managers and shareholders to trust each other, and thus discourage 

investment in expensive innovative initiatives and ultimately harm CSD 

(Wang et al., 2022). 

Zhang (2022, 2023) argues some companies take only token actions to 

obtain higher ESG scores, but do not consider stakeholders’ ESG concerns. 

Such disclosures of selected ESG information may have adverse effects due 

to artificial distortions. Hence, ESG disclosures may be subject to corporate 

greenwashing, which distorts the true ESG performance and deepens the 

information asymmetry between companies and external stakeholders. 

Despite positive ESG scores, companies accused of greenwashing may 

simply disclose more information without truly achieving any improve-

ment in environmental and financial performance (Basu et al., 2022). Brief-

ly, disclosing ESG information may hinder CSD due to raised specialization 

costs, greenwashing perceptions, and increased operating expenses (Wang 

et al., 2022).  

It is evident the outcomes of studies employing linear methodologies 

yield disparate results when there is an inherently nonlinear ESG-CSD 

relationship. The presence of the too much of a good thing (TMGT) and too 
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little of a good thing (TLGT) effect, as outlined by Trumpp and Guenther 

(2017), suggest there are both positive and negative associations between 

ESG performance and CSD. According to the TMGT (TLGT) perspective, 

positive antecedents (ESG) can lead to positive (or negative) outcomes 

(CSD) when their levels remain under a specific threshold. This indicates 

when the threshold is surpassed, there is a negative (or positive) correlation 

between ESG performance and CSD. This phenomenon results in an in-

verted U-shaped (U-shaped) pattern. Bagh et al. (2024) examine the rela-

tionship between ESG performance and CSD in the USA and China, with 

the findings indicating the existence of an inverted U-shaped nexus. Ac-

cordingly, the first research hypothesis is proposed. 

 

Hypothesis 1: There is a curvilinear relationship between ESG performance and 

CSD. 

 

Among the extensive literature investigating the relationships between 

ESG performance and CSD, there is increasing acknowledgement that the 

impact of the individual ESG components on CSD (proxied by SGR) are 

potentially non-linear. Chai et al. (2023) and Lee (2023) predominantly fo-

cus on overall ESG performance, demonstrating its influence on SGR; how-

ever, as sustainability practices become more granular, Teng et al. (2022), 

Wu and Chang (2022), and Pu (2023) suggest separating ESG into its indi-

vidual components may reveal non-linear patterns in their effects on corpo-

rate financial outcomes. Recently, Bagh et al. (2024) evidence the relation-

ship between ESG performance, as well as the individual ESG components, 

and CSD is a nonlinear (inverted U-shaped) pattern. Based on the findings 

of previous research, the following is hypothesized: 

 

Hypothesis 2: There is a curvilinear relationship between individual ESG compo-

nents’ (ESGE, ESGS, and ESGG) performance and CSD. 

 

In summary, the literature review reveals empirical studies addressing 

the relationship between ESG performance and CSD yield inconclusive 

results thus far, and a discrepancy between the two opposing arguments. 

One argument suggests a linear (positive or negative) ESG-CSD relation-

ship, while the opposing argument supports a nonlinear (convex or con-

cave) ESG-CSD  relationship.  This  investigation  addresses  the  nonlinear  
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effect of ESG performance on CSD for Chinese manufacturing industry 

firms, thereby addressing the gap in extant literature. 

The next section details the research methodology and data analysis 

used to validate and refine this study’s theoretical framework. Through 

empirical research, the findings will contribute to CSD strategies and the 

corresponding implications for long-term value creation. 

 

 

Research design and methods 

 

Sample and data 

 

This research uses a data sample from Chinese listed manufacturing firms 

with voluntary ESG disclosure between 2010 and 2020, provided by 

Bloomberg. The Bloomberg database was selected as it covers ESG infor-

mation on listed companies more comprehensively than any other database 

(Avramov et al., 2022). The company-level data (e.g., company size and 

financial leverage) are taken from China Stock Market & Accounting Re-

search (CSMAR). After eliminating firms with missing data for the main 

variables or special treatment, the final data set includes unbalanced data 

from 697 Chinese listed manufacturing firms, with a total of 5699 observa-

tions from 2010 to 2020. Table 1 presents the frequency distribution of firm-

year observations across years and major industry groups. Approximately 

66% of firm-year observations occur between 2015 and 2020, which reflects 

the increase in ESG coverage. Machinery and electronic manufacturing 

(55.71%) and resource processing (29.27%) are the dominant industry sec-

tors.  

 

Measure of variables  

 

The dependent variable is a firm’s CSD score. According to previous 

studies (Arora et al., 2018; Kuo & Chang, 2021; Teng et al., 2021), the meas-

ure of CSD is proxied by SGR and is calculated as the return on equity 

(ROE) multiplied by the retention rate (RR), where RR is computed by              

1-firm’s dividend payout ratio.  

The independent variable is a firm's ESG score. The ESG disclosure 

scores, ranging from 0.1 (minimum) to 100 (maximum), are obtained from 

Bloomberg. Bloomberg was selected as it has a greater amount of company 
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ESG scores in comparison to other ESG score providers, it is extensively 

used in previous ESG literature (Avramov et al., 2022; Teng et al., 2023; Wu 

& Chang, 2022), and, unlike other ESG rating providers, Bloomberg ratings 

are industry-specific. The more ESG data that a company releases, the 

higher its ESG disclosure score is. 

In accordance with the research of Chang and Wu (2021), Kuo and 

Chang (2021), and Saygili et al. (2022), the model also incorporates control 

variables which may impact SGR (or ROE). Specifically, firm size (SIZE) 

corresponds to the natural logarithm of firms’ total assets; financial lever-

age (LEV) is measured through the total debt/total assets ratio; firm age 

(AGE) as measured by number of years the company has been incorpo-

rated; net profit margin (NPM) is calculated from the ratio of net profit to 

sales; and the owner's equity growth rate (OEG) is equivalent to the per-

centage change in equity from the prior period. 

 

Model  

 

The use of QR in corporate finance literature has increased in recent 

years (Anton, 2021; Wu & Chang, 2022; Teng et al., 2023). QR is used in this 

study as it provides more information about the relationship between ESG 

performance and SGR. This econometric approach is robust to outliers 

(Maiti, 2021) and non-Gaussian error distributions (Coad & Rao, 2008). 

Bootstrapped cluster standard errors are obtained using 100 bootstrap rep-

lications. This method is robust for smaller samples (Maçãs Nunes et al., 

2007), is valid for many forms of heterogeneity (Buchinsky, 1995), and gen-

erates more suitable estimations for standard errors than the asymptotic 

approach (Hao & Naiman, 2007). 

This research uses Koenker and Bassett's QR approach (1978) to investi-

gate the nonlinear ESG-CSD effect over multiple SGR quantiles, as shown 

below in Equation (1). 

 
                                �������	|��	� = ��� + �������	 + ������2�	 +         
                                          + ∑ ��������	

�
��� + ��	+��� +  ��	   

 

where i and t denote company and year, respectively, s indexes control 

variables, and j is the industry index. �������	|��	� is the τ-th QR function; 

����	  indicates the CSD of company i at year t; ����	 indicates the ESG of 

company i at year t; and ���2�	  indicates the ����	 ∗ ����	 . The control 

variables are denoted as ����	, ��	  and represent the fixed effect of time, 

(1) 
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 ��	  represents an industry unobservable effect, and  ��	 is the random dis-

turbance item. 

Guided by previous research concerning the U-shaped association (Lind 

& Mehlum, 2010; Haans et al. 2016), this study conducts further investiga-

tion into the curvilinear association between ESG performance and CSD via 

the U-test. 

 

 

Results 

 

Descriptive statistics 

 

Descriptive statistics for the sample companies are presented in Table 2. 

The CSD mean (median) is 4.278 (4.996), with a minimum of -63.893 and 

a maximum of 27.03. The mean value of CSD is lower than the median, and 

the distribution of CSD exhibits a wide range. The skewness value (-3.163) 

and kurtosis value (18.268) indicate the CSD distribution is negatively 

skewed and heavily left-tailed. Based on the Jacque-Bera statistic (=65,000, 

p<0.01), there is sufficient evidence to reject the null hypothesis that CSD 

follows a normal distribution. The CSD distributions support the use and 

efficacy of QR analysis (Anton, 2021).  

As shown via Bloomberg's ESG ratings, Chinese companies excel in 

ESGG but score the lowest in ESGE, which indicates efforts to implement 

environmental management policies are still insufficient within China’s 

manufacturing industry. 

The VIF (variance inflation factor) values range between 1.15 and 1.87, 

which is below the threshold of 5 and indicates multicollinearity is not 

a concern (Table 3).  

 

Baseline regression results 

 

As the null hypothesis is rejected by the results of the Hausman test 

(1978) (chi-square value = 143.12, p<0.01), a fixed-effect model is used to 

run the regression. The results, with White's (1980) adjustment for hetero-

scedasticity, are presented in Table 4. To further support the validation of 

the curvilinear ESG-CSD relationship, this study also conducts the U-test 

(Lind & Mehlum, 2010) and Haans et al.’s (2016) three-step procedure. 
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The OLS estimation shows the ESG coefficient (p<0.01) is positively sig-

nificant and the ESG2 coefficient is negatively significant (p<0.05), suggest-

ing a concave ESG-CSD relationship. Specifically, the ESGL slope is positive 

(β=0.1783) and significant (p<0.01), while the ESGH slope is negative                  

(β= -0.0184) and insignificant (p>0.1). Although the ESG threshold (40.929) 

is within the data range [9.091, 44.215] (Table 2), the upper limit (224.68) of 

the 95% Fieller (1954) confidence interval (CI) extends beyond the data 

range, suggesting a half-inverted U-shaped ESG-CSD relationship (Haans 

et al., 2016). 

Using the QR approach, a concave ESG-CSD relationship is evident in 

companies in the lower (10th and 25th) SGR quantiles, where the ESG coef-

ficient is positively significant (p<0.01) and the ESG2 coefficient is negative-

ly significant (p<0.05). Via the U-test, an inverted U-shaped ESG-CSD nex-

us in the 10th SGR quantile firms is further proved by: (1) a positively sig-

nificant slope at the lower bound (ESGL) (0.7675, p<0.01); (2) a negatively 

significant slope at the upper bound (ESGH) (-0.2651, p<0.01); and (3) both 

the ESG threshold (35.197) and 95% Fieller CI are located within the data 

range [9.091, 44.215]. Following this methodology identically, it is con-

firmed there is a half-inverted U-shaped correlation between ESG and CSD 

in firms in the 25th SGR quantile as the ESG threshold (41.815) is within the 

data range, but the upper limit of the 95% Fieller CI extends beyond the 

data range. 

In contrast, there is a convex ESG-CSD relationship in the highest (90th) 

SGR quantile firms, as evidenced by the negatively significant ESG coeffi-

cient (p<0.01) and the positively significant ESG2 coefficient (p<0.05). The 

ESGL slope is negatively significant (-0.1159, p<0.05), the ESGH slope is posi-

tively significant (0.0808, p<0.05), and the inflection point (29.786) is located 

within the ESG range. Thus, the ESG-CSD relationship in firms located in 

the 90th SGR quantile is U-shaped. 

Based on the results confirming the ESG-CSD relationship follows either 

an inverted U-shaped or a U-shaped curve for firms in different SGR quan-

tiles, Hypothesis 1 is supported. As the OLS results show in Table 4, the 

effects the control variables have on CSD are all significantly positive; how-

ever, QR estimation results indicate the effects vary within firms in differ-

ent quantiles. For example, SIZE has a substantial effect on CSD only 

among the 10th and 75th quantile firms, and AGE negatively affects CSD in 

the 10th quantile firms but has a positively significant influence on CSD in 

the upper (75th and 90th) quantile firms.  
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Inter-quantile difference 

 

Empirical evidence confirms the influence of ESG performance on CSD 

varies among diverse CSD distributions. To determine whether these varia-

tions hold statistical significance, this study utilizes inter-quantile regres-

sion to investigate the uniformity of slopes across all quantiles. Table 5 

displays the results of the F test and their respective p values, solely exam-

ining the homogeneity of coefficients between the lower and upper SGR 

quantiles using 200 bootstrap replications. 

Figure 1 illustrates the influence of the covariates across quantiles and 

compares it to the OLS regression estimates of the independent variables. 

The estimates from both QR and OLS approaches have been validated 

through their corresponding 95% confidence intervals. The graph reveals 

a marked contrast between the QR and OLS results, particularly for the 

symmetric quantiles. 

 

Curvilinear ESGE-CSD, ESGS-CSD, and ESGG-CSD relationships 

 

This research investigates the curvilinear relationship between ESG per-

formance and CSD by analyzing the three individual components of ESG: 

ESGE, ESGS, and ESGG. 

In terms of ESGE (Table 6), the results of the QR estimation reveal a con-

cave relationship between ESGE and CSD in firms in the lower and median 

(50th) SGR quantiles. More specifically, through the U-test, the ESGEL slope 

is positively significant, whereas the ESGEH slope is negatively significant, 

and the threshold (31.647) is located within the ESGE range [2.083, 42.636] 

(Table 2), clarifying the existence of the inverted U-shaped ESGE-CSD nex-

us for companies located in the 10th SGR quantile. As for companies in the 

25th SGR quantile, the ESGEL slope is positively significant, whereas the 

ESGEH slope is negative but insignificant. ESGE's threshold (38.029) is with-

in the ESGE range, while the upper limit of the 95% Fieller CI is outside the 

ESGE range, suggesting the true ESGE-CSD relationship may be a half-

inverted U-shape for firms in the 25th SGR quantile. Using the same meth-

odology, it is also confirmed that a half-inverted U-shaped relationship 

exists between ESGE and CSD for firms located in the 50th SGR quantile 

(Table 6). 

With regard to ESGS (Table 7), the ESGSL slope is positive (0.4275) and 

significant (p<0.01), whereas the ESGSH slope is negative (-0.2209) and sig-
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nificant (p<0.05) in the 10th quantile firms. Both the ESGS threshold (39.4) 

and Fieller’s 95% CI [34.97,52.42] are located within the ESGS range [7.017, 

56.14] (Table 2), indicating the existence of a concave relationship between 

ESGS and CSD in companies in the 10th SGR quantile. In the 25th quantile 

firms, the ESGSL slope is positively significant, whereas the ESGSH slope is 

negative but insignificant. The ESGS threshold (48.82) falls within the ESGS 

range, while the upper bound of the 95% Fieller CI is outside the data 

range, suggesting the ESGS-CSD relationship for 25th quantile firms is 

a half-inverted U-shape.  

Regarding ESGG (Table 8), in 10th quantile firms, the ESGGL slope is 

negatively significant and the ESGGH slope is positively significant 

(p<0.01). Both the ESGG threshold (42.47) and the 95% Fieller CI [38.42, 

44.56] fall within the ESGG range [33.929, 57.143] (Table 2), evidencing 

a convex ESGG-CSD relationship among firms in the 10th SGR quantile. 

Applying the same methodology, a concave ESGG-CSD nexus exists in the 

90th SGR quantile firms. The ESGGL slope is positively significant, whereas 

the ESGGH slope is negative but insignificant for the 75th quantile firms. 

The ESGG threshold (48.68) is inside the ESGG range, while the 95% Fieller 

CI is outside the data range, confirming the ESGG-CSD relationship is 

a half-inverted U-shape in 75th quantile firms.  

 

Robustness testing 

 

The aforementioned findings reveal ESG, as well as its three compo-

nents (ESGE, ESGS, and ESGG), have a curvilinear effect on CSD. However, 

the results may be influenced by potential endogeneity issues, omitted 

factors, and biased sample selection. To ensure the reliability of the results, 

a series of robustness tests were performed. 

 

Alternative CSD measure 

 

For sensitivity checks, as an alternative measure of CSD, SGR1 is consid-

ered as the rate of ROE multiplied by the retention rate (RR), and subse-

quently divided by one minus the ROE*RR (Kuo & Chang, 2021; Yu & Tsai, 

2018), i.e., SGR1 = ROE*RR/[1-ROE*RR]. The findings of the robustness tests 

align with the previously explained results, thus confirming the curvilinear 

relationship between ESG performance and CSD, notably within the lower 

and 90th quantiles. The U-test results for SGR1 confirm a concave ESG-CSD 
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relationship among firms within the 10th SGR1 quantile and a convex ESG-

CSD relationship among firms within the 90th SGR1 quantile. These find-

ings align with the baseline curvilinear regression (Table 9). 

 

Omitted variables 

 

To avoid potential endogeneity issues caused by unobserved variables, 

this research uses year fixed and firm fixed effects, as well as robust stand-

ard errors clustered at the firm level. The findings demonstrate, despite 

controlling for firm fixed effects, there is still a curvilinear relationship be-

tween ESG performance and CSD (Table 10). 

 

Sample selection bias 

 

To address potential sample selection bias, this article utilizes the PSM 

method. Companies with ESG scores above the 70th percentile are assigned 

to the treated group, while the remaining companies form the control 

group. The matching variables for PSM include all control variables listed 

in Table 10. The PSM process utilizes logit regression to estimate the pro-

pensity score and the final control group sample is analyzed using one-to-

one nearest neighbor matching. The results of the PSM matching and re-

gression, which indicate a curvilinear ESG-CSD nexus, are presented in 

Table 10.  

 

Instrumental variable approach —2SLS (two-stage least-squares) estimation 

 

To mitigate potential endogeneity, this article refers to Ge et al. (2022) 

and uses the average ESG score for the industry minus the company's ESG 

score as an instrumental variable. Table 10 presents the findings. The first-

stage regression exhibits a negative association between the current ESG 

score and instrumental variable (p<0.01). The second-stage regression indi-

cates a curvilinear nexus between ESG performance and CSD, which is 

consistent with the previous findings. 

 

Industry heterogeneity 

 

The potential impact of ESG practices may vary among companies op-

erating in ES or NES industries (Qureshi et al., 2019). To examine whether 
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the ESG-CSD nexus differs, the sample firms are divided into companies 

functioning in ES sectors and NES sectors. ES industries (including chemi-

cals, gas, metal manufacturing, oil, and paper) are often regarded as high-

polluting industries and pose significant environmental risks (Amor-

Esteban et al. 2018), as their operations can directly affect ESG issues. The 

ES subsample includes 1822 firm-years and the NES subsample includes 

3876 firm-years. Tables 11 and 12 display the estimation results for these 

subsets.  

Concerning ES companies (Table 11), the OLS estimate suggests the co-

efficients of ESG and ESG2 do not exert a significant influence on CSD. 

However, the QR approach results via the U-test identify a positively sig-

nificant ESGL slope (0.4514, p<0.05) and a negatively significant ESGH slope 

(-0.4205, p<0.05), evidencing a concave ESG-CSD relationship in the 10th 

SGR quantile ES firms. 

Regarding NES companies (Table 12), the OLS analysis indicates a sig-

nificantly positive ESG coefficient and a significantly negative ESG2 coeffi-

cient (p<0.01). Further checked via the U-test, a positively significant ESGL 

slope (0.2085, p<0.01), and a negative but insignificant ESGH slope (-0.0655, 

p>0.1) infers there is a half concave ESG-CSD relationship. Through the QR 

approach and the U-test, the concave ESG-CSD connection is confirmed in 

the lower (10th and 25th) SGR quantile firms. For NES firms located at the 

90th SGR quantile, the ESGL slope is negatively significant (-0.1972, p<0.01) 

and the ESGH slope is positive (0.0487), but not statistically significant 

(p>0.1), suggesting a half convex ESG-CSD relationship.  

 

 

Discussion 

 

This study examines whether and, more specifically, how ESG performance 

impacts CSD. To answer the research question, ESG data from 2010 to 2020 

were collected from Chinese listed manufacturing firms. The findings were 

obtained using the U-test. 

 

Concave and convex ESG-CSD nexus 

 

The OLS estimates confirm the ESG-CSD relationship is a half-inverted 

U-shape, demonstrating the predominant impact of ESG performance on 

CSD is significantly positive. The influence of ESG performance on CSD 
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grows as ESG levels increase and subsequently peaks at the optimal ESG 

level. As the ESG threshold (40.929) exceeds the ESG sample mean (20.869), 

it is obvious the majority of Chinese manufacturing companies operate on 

the left side of the inflection point (Figure 2A). Overall, these companies are 

highly likely to benefit from ESG practices and should aim for higher ESG 

scores for greater CSD.   

The QR analyses elicit the curvilinear ESG-CSD relationships among 

companies located at different quantiles, among which a half-inverted U-

shape is also found in 25th SGR quantile firms (Figure 2C). In 10th SGR 

quantile firms an inverted U-shaped nexus between ESG performance and 

CSD exists, which signifies CSD initially rises as ESG increases, but begins 

to decline as ESG further increases. This result implies that for most manu-

facturing firms in the lowest SGR quantile, investing in ESG activities has 

a positive impact on their reputation and ensures a greater CSD in the short 

term. However, persistent investments in unprofitable ESG activities over 

an extended period can have harmful consequences rather than benefits, 

which aligns with the TMGT viewpoint (Trumpp & Guenther, 2017). 

Given the fact that the ESG threshold (35.197) surpasses the sample 

mean of ESG (20.869), manufacturing companies in the 10th quantile are 

mainly situated on the left side of the inflection point (Figure 2B). This 

means they are able to profit from ESG investments; however, it is recom-

mended they maintain the optimal ESG score in order to attain maximum 

CSD.  

Finally, in 90th SGR quantile companies there is a convex (U-shaped) 

association between ESG performance and CSD, meaning CSD initially 

declines as ESG increases, but begins to rise as ESG further increases (Fig-

ure 2D). The average ESG value (29.786) is lower than the ESG threshold 

(27.833), suggesting most manufacturing firms within the highest (90th) 

SGR quantile are to the left side of the extreme point and are investing in 

ESG practices beyond stakeholder requirements. 

The findings validate the significance of ESG performance in the corpo-

rate decision-making process and provide empirical support for the TMGT 

and TLGT recommendations. Hence, Chinese manufacturing firms should 

optimize their proficiency in impactful ESG strategies and consider the 

balance between costs and benefits. 
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Concave-Convex nexus between individual ESG components and CSD 

 

Regarding the lowest (10th) SGR quantile firms, ESGE and ESGS have 

the inverted U-shaped effect on CSD, where CSD initially rises as 

ESGE/ESGS increase, but declines as they further increase (Figure 3A and 

4A). Both the ESGE and ESGS thresholds exceed the sample mean values, 

indicating most 10th SGR quantile companies are situated to the left side of 

the extreme point. Therefore, manufacturing firms within the 10th SGR 

quantile can gain advantages from ESGE and ESGS practices and should 

cautiously strive for optimal ESGE and ESGS levels to maximize CSD. 

Regarding firms in the 25th SGR quantile, the ESGE-CSD nexus is 

a half-inverted U-shape, as is the ESGS-CSD nexus (Figure 3B and 4B). The 

ESGE and ESGS thresholds surpass the sample mean values, suggesting 

most of these companies are situated to the left side of the extreme point. 

Manufacturing companies located in the 25th SGR quantile can benefit 

from ESGE and ESGS investments and should aim for higher ESGE and 

ESGS scores to obtain greater CSD. The ESGE-CSD relationship for firms in 

the 50th SGR quantile and the ESGG-CSD relationship for firms in the 75th 

SGR quantile are identical to that of firms in the 25th quantile, as shown in 

Figure 3C and 5B. 

Figure 5A shows ESGG has a U-shaped effect on CSD in the lowest 

(10th) SGR quantile. The ESGG threshold (42.47) is lower than the ESGG 

sample mean (44.413), which means most companies are situated to the 

right of the optimal value. Thus, the majority of Chinese manufacturing 

companies in the 10th SGR quantile are currently benefiting from ESGG 

investments and should engage in the maximum amount of ESG practices 

in order to achieve a greater CSD. 

Figure 5C reveals a concave ESGG-CSD nexus for companies in the 90th 

quantile; however, the ESGG threshold (41.81) is smaller than the ESGG 

sample mean (44.413), meaning most of these companies are situated to the 

right of the inflection point. This result shows the majority of manufactur-

ing companies within the highest (90th) SGR quantile invest in ESGG prac-

tices beyond stakeholder requirements. 

In summary, the results support the perspective that the impact of ESG 

performance on CSD is an important mechanism through which ESG af-

fects the future value of enterprises. Although most previous studies use 

linear positive models (Oprean et al., 2020; Wang et al., 2022; Chai et al., 

2023; Lee, 2023; Wang & Jin, 2023) or linear negative models (Basu et al., 
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2022; Wang et al., 2022; Zhang, 2022, 2023), this is not adequate given the 

complexity, trade-offs, and conflicts between ESG performance and CSD.  

The findings evidence curvilinear patterns in ESG performance and of-

fer a novel insight into its relationship with CSD, emphasizing the im-

portance of curvilinear modelling for more accurate assessments of this 

relationship. These results align with extant literature, including Bagh et al. 

(2024), de la Fuente et al. (2022), Pu (2023), Teng et al. (2022), and Wu and 

Chang (2022), confirming the non-linear relationships between ESG, and its 

individual components, on firm values (Tobin’s Q and ROE). 

 

 

Conclusions 

 

Based on a Chinese manufacturing data sample comprising 5699 firm-year 

observations from 2010 to 2020 and using the QR approach and U-test, this 

research evidences a concave and convex relationship between ESG per-

formance and CSD, proxied by SGR, after also controlling for variables that 

could impact this relationship. The findings confirm each individual ESG 

component has a differing effect on CSD. ESGE and ESGS exhibit a concave 

influence on CSD in firms in the lower SGR quantiles, as does ESGG on 

firms in the upper SGR quantiles. However, ESGG has a convex impact on 

CSD in firms within the 10th SGR quantile. These findings align with the 

double-edged effect and are still proven after a series of robustness tests, 

such as changing the measure of CSD, instrumental variables tests, and 

PSM tests. The heterogeneity analysis substantiates a concave ESG-CSD 

relationship in ES industries. In terms of NES industries, a concave ESG-

CSD relationship also exists in firms within the lower quantiles; however, 

there is a convex ESG-CSD relationship among firms within the 90th SGR 

quantile. 

 

Theoretical implications 

 

As awareness of ESG increases, new research prospects are presented. 

Conducted using the QR approach for unbalanced panel data, this research 

contributes to the scope of extant studies.  

The findings confirm ESG performance impacts CSD and advances the 

conceptual ESG arguments by proposing a concave-convex (inverted          

U-shaped or U-shaped) ESG-CSD relationship in Chinese listed manufac-
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turing firms in different SGR quantiles. The non-linear impact of the indi-

vidual ESG components on firm performance and their distinct effect on 

CSD is also analyzed. In terms of methodology, the QR method is used to 

analyze the data and perform the robustness checks across alternative CSD 

measures, instrumental variables tests, and PSM tests. In addition, the het-

erogeneous subgroups are also examined. 

Drawing from the extant literature on U-shaped association analysis 

(Haans et al., 2016; Lind & Mehlum, 2010), the findings support not only 

the existence of the curvilinear ESG-CSD relationship, but also the perspec-

tives of the TMGT and TLGT effects. The way ESG affects CSD depends on 

the performance level of ESG practices. Consistent with the findings pre-

sented by Lahouel et al. (2022), this study reinforces the importance of ac-

counting for nonlinear effects between variables when investigating the 

connection between ESG performance and CSD in corporate research.  

 

Practical implications 

 

The findings provide vital implications for businesses, investors, and 

stakeholders. Regarding businesses, as the confirmed presence of a con-

cave-convex connection between ESG performance and CSD implies ESG 

strategies with an emphasis on stakeholder requirements effectively en-

hance CSD, the incorporation of ESG into a company’s differentiation strat-

egy can promote stakeholders’ acceptance and become a profitable re-

source. However, companies should be aware of the double-edged effect of 

ESG practices and avoid using ESG as a self-interested management tool. 

It is vital for managers to establish a firm’s optimal ESG level, consider-

ing the presence of TMGT (or TLGT) effects and the possibility that ESG 

expenditure may not always lead to benefits. Maintaining equilibrium be-

tween supply and demand of ESG practices is necessary, as a company's 

resources are finite. Hence, it is crucial for managers of companies in infe-

rior SGR quantiles to carefully monitor the TMGT impact of ESG and estab-

lish ESG thresholds.  

As for investors and stakeholders, these findings can help evaluate the 

investment portfolio of companies listed in China. Comparing a company's 

ESG disclosure performance to predetermined thresholds can assist in the 

prediction of its future CSD. 
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Research limitations/future research 

 

This paper has potential limitations. Initially, it exclusively analyzes 

a sample of Chinese listed companies with ESG disclosure, excluding com-

panies without ESG disclosure or those not listed. Future research should 

expand data collection to incorporate unlisted companies and those with-

out ESG disclosure.  

Second, due to data availability, this research was conducted on a lim-

ited sample size which restricts the generalizability of the findings to 

a broader context. It is essential to recognize the necessity for further re-

search to use a larger and more diverse sample to validate the results. This 

study focuses on the period from 2010 to 2020, which may not capture the 

long-term impact of ESG initiatives. Future studies can extend the timespan 

to potentially elicit long-term effects.  

The data were collected through Bloomberg’s database; however, ESG 

metrics are multifaceted and subject to varying measurement methodolo-

gies. To further determine how comparable the findings and potential dif-

ferences are, future researchers should consider similar studies utilizing 

alternative databases, such as Thomson Reuter, Refinitiv, and MSCI.  

Lastly, an area for future research could involve conducting a compara-

tive analysis across different industries, countries, or regions to offer valua-

ble insights into the circumstantial influences that stimulate the relation-

ship between ESG performance and CSD. By addressing these knowledge 

gaps in future studies, researchers can further advance the awareness of the 

ESG-CSD relationship and provide more comprehensive guidance for 

businesses aiming to effectively integrate ESG. 
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Annex 
 

 

Table 1. Sample distribution by year and major sectors 

 
Panel A: Distribution of firm-year observations by year 

Year Number of observations Percentage of observations  

2011 434 7.62 

2012 480 8.42 

2013 510 8.95 

2014 521 9.14 

2015 626 10.98 

2016 623 10.93 

2017 625 10.97 

2018 632 11.09 

2019 629 11.04 

2020 619 10.86 

Total  5699 100 

Panel B: Distribution of firm-year observations by major sector 

 Number of observations Percentage of observations 

Light and textile 731 12.83 

Resource processing 1668 29.27 

Machinery and electronic 

manufacturing 
3175 55.71 

Other manufacturing  125 2.19 

Total  5699 100 
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Table 3. Correlation matrix and VIFs 

 
Variable (1) (2) (3) (4) (5) (6) (7) 

(1) CSD        

(2) ESG 0.050*       

(3) AGE -0.069* 0.272*      

(4) LEV -0.244* 0.152* 0.258*     

(5) NPM 0.736* -0.027* -0.149* -0.470*    

(6) OEG 0.349* -0.074* -0.177* -0.156* 0.326*   

(7) SIZE 0.066* 0.421* 0.352* 0.511* -0.055* -0.019  

VIF － 1.26 1.22 1.87 1.49 1.15 1.81 

Note: * statistical significance at 10%. 

 

 

Table 4. The curvilinear effect of ESG performance on CSD 

 

Variable 

CSD (proxied by SGR) 

OLS 
Lower quantiles  Median Upper quantiles 

10th  25th 50th 75th 90th 

ESG 0.2292*** 1.0348*** 0.2258*** 0.0840** -0.0500 -0.1668*** 

 (0.0719) (0.1878) (0.0611) (0.0368) (0.0498) (0.0613) 

ESG2 -0.0028** -0.0147*** -0.0027** -0.0007 0.0014 0.0028** 

 (0.0013) (0.0031) (0.0011) (0.0007) (0.0009) (0.0011) 

AGE 0.0444** -0.0724** 0.0095 0.0118 0.0251** 0.0638*** 

 (0.0178) (0.0369) (0.0115) (0.0092) (0.0115) (0.0162) 

LEV 5.1822*** 8.0237*** 7.9031*** 7.3510*** 9.3972*** 11.2642*** 

 (1.0656) (2.0001) (0.5296) (0.3701) (0.4524) (0.7247) 

NPM 62.8632*** 62.7327*** 52.8666*** 57.1228*** 60.8926*** 52.1906*** 

 (1.8163) (2.2445) (0.7069) (0.7205) (0.5332) (1.2366) 

OEG 4.8205*** 3.5800*** 1.8532*** 2.5863*** 5.3821*** 13.1078*** 

 (0.5020) (0.6556) (0.1608) (0.2488) (0.6080) (1.0054) 

SIZE 0.4282*** 0.4305* -0.0831 0.0450 0.1514** 0.1277 

 (0.1332) (0.2349) (0.0693) (0.0610) (0.0739) (0.1017) 

Constant -17.2533*** -34.9564*** -6.7850*** -5.5243*** -5.2115*** -1.4182 

 (2.8674) (5.2779) (1.5505) (1.3100) (1.6655) (2.1067) 

Observations 5,698 5,698 5,698 5,698 5,698 5,698 

Industry fixed Yes Yes Yes Yes Yes Yes 

Year fixed Yes Yes Yes Yes Yes Yes 

Adjusted R-squared/ 

Pseudo-R2 
0.577 0.344 0.285 0.304 0.312 0.307 

Slope at lower 

bound XL 

(β1+2*β2*XL) 

0.1783*** 0.7675*** 0.1767*** — — -0.1159** 

Slope at upper 

bound XH 

(β1+2*β2*XH) 

-0.0184 -0.2651*** -0.0130 — — 0.0808** 

Sasabuchi (1980) test 

statistic  
0.37 2.68*** 0.22 — — 1.74** 

95% confidence 

interval (Fieller 

method) 

[32.99,224.68] [32.80,40.29] [34.59,119.17] — — [24.37,52.41] 

Inflection point 40.929 35.197 41.815 — — 29.786 

Note: * statistical significance at 10%; ** statistical significance at 5%; *** statistical significance at 1%. 



Table 5. Inter-quantile regression results 

 
 CSD (proxied by SGR) 

 Quantile (90/10) Quantile (75/25) 

ESG 
F-statistics 32.36*** 4.78** 

Significance 0.0000 0.0288 

ESG2 
F-statistics 19.34*** 2.16 

Significance 0.0000 0.1420 

AGE 
F-statistics 15.11*** 2.90* 

Significance 0.0001 0.0886 

LEV 
F-statistics 12.13*** 31.78*** 

Significance 0.0005 0.0000 

NPM 
F-statistics 13.73*** 21.00*** 

Significance 0.0002 0.0000 

OEG 
F-statistics 69.97*** 30.64*** 

Significance 0.0000 0.0000 

SIZE 
F-statistics 11.03*** 0.15 

Significance 0.0009 0.7029 

Note: (1) Quantile(90/10) = 90th Quantile(y) - 10th Quantile (y); Quantile(75/25) = 75th Quantile (y) - 25th 

Quantile (y); (2) *p < 0.1; **p < 0.05; ***p < 0.01. 

  



Table 6. Curvilinear ESGE-CSD nexus 

 

Variable 

CSD (proxied by SGR) 

OLS 
Lower quantiles  Median Upper quantiles 

10th  25th 50th 75th 90th 

ESG 0.0696* 0.3671*** 0.1293*** 0.0742*** 0.0344 -0.0199 

 (0.0401) (0.0923) (0.0313) (0.0205) (0.0211) (0.0346) 

ESG2 -0.0004 -0.0058*** -0.0017** -0.0009* -0.0000 0.0005 

 (0.0009) (0.0020) (0.0008) (0.0005) (0.0004) (0.0008) 

AGE 0.0530*** -0.0379 0.0261** 0.0188** 0.0284*** 0.0621*** 

 (0.0184) (0.0395) (0.0123) (0.0086) (0.0089) (0.0147) 

LEV 5.3074*** 8.6914*** 8.3365*** 6.9057*** 8.5890*** 10.1675*** 

 (1.1149) (2.1653) (0.5719) (0.3540) (0.4199) (0.6832) 

NPM 63.4737*** 62.2423*** 54.3462*** 57.4041*** 60.0509*** 50.7028*** 

 (2.0268) (2.2576) (0.8397) (0.4958) (0.5377) (1.2452) 

OEG 6.3125*** 4.2338*** 2.5964*** 3.4801*** 8.2389*** 16.4731*** 

 (0.6469) (0.3676) (0.2675) (0.2032) (0.7002) (1.1094) 

SIZE 0.3788*** 0.3289 -0.0889 0.0541 0.1549** 0.1425* 

 (0.1325) (0.2733) (0.0750) (0.0574) (0.0679) (0.0845) 

Constant -13.7351*** -21.2916*** -4.8599*** -4.9510*** -6.0009*** -3.7610** 

 (2.6250) (5.5783) (1.5413) (1.1579) (1.3916) (1.8140) 

Observations 4,968 4,968 4,968 4,968 4,968 4,968 

Industry 

fixed 

Yes Yes Yes Yes Yes Yes 

Year fixed Yes Yes Yes Yes Yes Yes 

Adjusted R-

squared/ 

Pseudo-R2 

0.587 0.345 0.293 0.315 0.329 0.330 

Slope at 

lower bound 

XL 

(β1+2*β2*XL) 

— 0.3429*** 0.1222*** 0.0705*** — — 

Slope at 

upper bound 

XH 

(β1+2*β2*XH) 

— -0.1275** -0.0157 -0.0025 — — 

Sasabuchi 

(1980) test 

statistic 

— 1.46* 0.34 0.27 — — 

95% 

confidence 

interval 

(Fieller 

method) 

— [26.11,54.14] [28.43,227.36] 
(-∞, 27.9) 

∪ (-750, ∞) 
— — 

Inflection 

point 
— 31.647 38.029 41.22 — — 

Note: * statistical significance at 10%; ** statistical significance at 5%; *** statistical significance at 1%. 

  



Table 7. Curvilinear ESGS-CSD nexus 

 

Variables 

CSD (proxied by SGR) 

OLS 
Lower quantiles  Median Upper quantiles 

10th  25th 50th 75th 90th 

ESG 0.0901** 0.5201*** 0.1074*** 0.0513** 0.0169 -0.0348 

 (0.0431) (0.1396) (0.0339) (0.0225) (0.0329) (0.0328) 

ESG2 -0.0009 -0.0066*** -0.0011** -0.0006 -0.0001 0.0006 

 (0.0007) (0.0021) (0.0005) (0.0004) (0.0006) (0.0005) 

AGE 0.0524*** -0.0110 0.0215* 0.0231*** 0.0293** 0.0613*** 

 (0.0176) (0.0430) (0.0121) (0.0082) (0.0116) (0.0154) 

LEV 5.0254*** 8.0325*** 7.6742*** 7.0167*** 8.9590*** 10.9932*** 

 (1.0679) (2.0121) (0.5509) (0.2301) (0.4482) (0.6465) 

NPM 62.5593*** 62.0863*** 52.9954*** 56.9921*** 60.1616*** 51.2355*** 

 (1.8532) (2.6183) (0.7689) (0.4140) (0.4395) (1.5565) 

OEG 5.3392*** 3.9366*** 1.8854*** 2.7582*** 6.0009*** 14.3870*** 

 (0.5389) (0.5276) (0.1844) (0.2989) (0.5991) (1.3441) 

SIZE 0.4983*** 0.5973** 0.0639 0.1097** 0.2162*** 0.0765 

 (0.1288) (0.2696) (0.0730) (0.0460) (0.0739) (0.0852) 

Constant -17.0292*** -33.0682*** -8.5705*** -6.4514*** -7.3054*** -1.9564 

 (2.7161) (5.6385) (1.5595) (1.0338) (1.6057) (1.9180) 

Observations 5,551 5,551 5,551 5,551 5,551 5,551 

Industry fixed Yes Yes Yes Yes Yes Yes 

Year fixed Yes Yes Yes Yes Yes Yes 

Adjusted R-

squared/ 

Pseudo-R2 

0.581 0.342 0.286 0.307 0.317 0.314 

Slope at lower 

bound XL 

(β1+2*β2*XL) 

— 0.4275*** 0.0920*** — — — 

Slope at 

upper bound 

XH 

(β1+2*β2*XH) 

— -0.2209** -0.0161 — — — 

Sasabuchi 

(1980) test 

statistic 

— 2.15** 0.67 — — — 

95% 

confidence 

interval 

(Fieller 

method) 

— [34.97,52.42] [37.48,331.92] — — — 

Inflection 

point 
— 39.4 48.82 — — — 

Note: * statistical significance at 10%; ** statistical significance at 5%; *** statistical significance at 1%. 

  



Table 8. Curvilinear ESGG-CSD nexus 

 

Variable 

CSD (proxied by SGR) 

OLS 
Lower quantiles  Median Upper quantiles 

10th  25th 50th 75th 90th 

ESG -0.1895 -1.9111*** -0.1390 0.0180 0.3602** 0.4515*** 

 (0.2779) (0.4752) (0.1455) (0.1208) (0.1788) (0.1696) 

ESG2 0.0026 0.0225*** 0.0023 0.0003 -0.0037* -0.0054*** 

 (0.0031) (0.0051) (0.0015) (0.0013) (0.0020) (0.0019) 

AGE 0.0504*** -0.0093 0.0096 0.0098 0.0148 0.0648*** 

 (0.0181) (0.0443) (0.0102) (0.0083) (0.0121) (0.0136) 

LEV 4.8801*** 5.2854** 7.5416*** 7.1128*** 9.2179*** 11.8866*** 

 (1.0598) (2.1929) (0.4984) (0.3261) (0.5014) (0.6622) 

NPM 62.8440*** 59.9841*** 53.1695*** 56.9112*** 60.6608*** 53.1996*** 

 (1.8164) (2.2104) (0.6384) (0.5317) (0.6617) (1.0681) 

OEG 4.6961*** 3.5153*** 1.7446*** 2.4053*** 5.4440*** 12.6610*** 

 (0.5042) (0.5197) (0.1363) (0.2966) (0.6406) (1.1320) 

SIZE 0.5596*** 0.8558*** 0.0587 0.1060** 0.2083*** 0.1183 

 (0.1327) (0.2973) (0.0630) (0.0508) (0.0784) (0.0744) 

Constant -13.6167** 10.5223 -4.7047 -6.7865** -15.2882*** -13.0112*** 

 (6.7469) (11.7681) (3.8716) (3.0246) (4.4168) (4.2427) 

Observations 5,698 5,698 5,698 5,698 5,698 5,698 

Industry 

fixed 

Yes Yes Yes Yes Yes Yes 

Year fixed Yes Yes Yes Yes Yes Yes 

Adjusted R-

squared/ 

Pseudo-R2 

0.575 0.334 0.282 0.303 0.312 0.307 

Slope at 

lower bound 

XL 

(β1+2*β2*XL) 

— -0.3843*** — — 0.1091*** 0.0851** 

Slope at 

upper bound 

XH 

(β1+2*β2*XH) 

— 0.6603*** — — -0.0627 -0.1656*** 

Sasabuchi 

(1980) test 

statistic 

— 2.86*** — — 1.18 2.18** 

95% 

confidence 

interval 

(Fieller 

method) 

— [38.42,44.56] — — 
(-∞,45) 

∪(-23.4,∞) 
[36.30,44.92] 

Inflection 

point 
— 42.47 — — 48.68 41.81 

Note: * statistical significance at 10%; ** statistical significance at 5%; *** statistical significance at 1%. 

  



Table 9. Curvilinear nexus between ESG and CSD (proxied by SGR1) 

 

Variable 

CSD (proxied by SGR1) 

OLS 
Lower quantiles  Median Upper quantiles 

10th  25th 50th 75th 90th 

ESG 0.1590** 0.6884*** 0.2016*** 0.0735* -0.0795 -0.3461*** 

 (0.0667) (0.1322) (0.0541) (0.0422) (0.0730) (0.0927) 

ESG2 -0.0017 -0.0093*** -0.0022** -0.0005 0.0020 0.0058*** 

 (0.0013) (0.0024) (0.0010) (0.0008) (0.0014) (0.0018) 

AGE 0.0411** -0.0374 0.0060 0.0111 0.0197 0.0983*** 

 (0.0169) (0.0245) (0.0108) (0.0103) (0.0161) (0.0217) 

LEV 7.1894*** 4.5000*** 6.7806*** 6.9562*** 9.5007*** 11.7396*** 

 (0.9236) (1.0615) (0.4812) (0.4367) (0.6604) (1.0569) 

NPM 55.3754*** 51.5604*** 52.2653*** 59.1941*** 60.6156*** 51.9952*** 

 (1.3009) (1.2214) (0.6013) (1.0383) (0.8602) (1.1428) 

OEG 4.7071*** 2.9385*** 1.9075*** 2.9405*** 8.2615*** 19.7428*** 

 (0.4726) (0.5504) (0.1696) (0.3843) (0.8728) (1.2987) 

SIZE 0.2465** 0.3681** -0.0505 0.0644 0.2251** 0.2140 

 (0.1184) (0.1745) (0.0672) (0.0683) (0.1075) (0.1437) 

Constant -11.0358*** -25.1292*** -6.3423*** -5.5364*** -5.9331** -0.6232 

 (2.5637) (3.8562) (1.4905) (1.4636) (2.3974) (3.1933) 

Observations 5,698 5,698 5,698 5,698 5,698 5,698 

Industry 

fixed 

Yes Yes Yes Yes Yes Yes 

Year fixed Yes Yes Yes Yes Yes Yes 

Adjusted R-

squared/ 

Pseudo-R2 

0.557 0.386 0.318 0.316 0.310 0.309 

Slope at 

lower bound 

XL 

(β1+2*β2*XL) 

— 0.5193*** 0.1616 — — -0.2406*** 

Slope at 

upper bound 

XH 

(β1+2*β2*XH) 

— -0.1340* 0.0071 — — 0.1668** 

Sasabuchi 

(1980) test 

statistic 

— 1.49* NA — — 2.30** 

95% 

confidence 

interval 

(Fieller 

method) 

— [32.56,48.84] [35.87,193.25] — — [26.21,39.11] 

Inflection 

point 
— 37.01 45.82 — — 29.84 

Note: * statistical significance at 10%; ** statistical significance at 5%; *** statistical significance at 1%. 



Table 10. Endogeneity problem tests 

 

Variable 
Firm-level Fixed PSM 2SLS 

SGR Treat (1) SGR (2) ESG SGR 

ESG 0.1954***  0.2343***   

 (0.0723)  (0.0718)   

ESG2 -0.0023*  -0.0029**   

 (0.0013)  (0.0013)   

ESG_IV    -0.9635***  

    (0.0038)  

ESG_hat     0.3748*** 

     (0.0803) 

ESG_hat2     -0.0056*** 

     (0.0015) 

AGE 0.0221 -0.0195*** 0.0460*** 0.0842*** 0.1546 

 (0.0170) (0.0033) (0.0178) (0.0035) (0.0179) 

LEV 5.9817*** -1.8959*** 5.5153*** -2.3577*** 5.8972*** 

 (1.0503) (0.1460) (1.0583) (0.1512) (1.0567) 

NPM 63.5744*** -2.8422*** 63.5125*** -0.7512*** 63.6508*** 

 (1.8191) (0.1970) (1.8129) (0.1961) (1.8194) 

OEG 4.7657*** 0.1448* 4.7955*** -0.4242*** 4.8086*** 

 (0.4879) (0.0759) (0.5012) (0.0692) (0.4887) 

SIZE 0.3422*** -0.1620*** 0.4129*** 0.4213*** 0.3171** 

 (0.1311) (0.0196) (0.1328) (0.0237) (0.1304) 

Constant -14.5974*** 5.5147*** -17.1840*** 11.7041*** -15.5392*** 

 (2.803) (0.4160) (2.8656) (0.5211) (2.9491) 

Firm fixed Yes No No No No 

 Industry fixed No Yes Yes Yes Yes 

Year fixed Yes Yes Yes Yes Yes 

Observations 5698 9732 5,695 5698 5698 

Adjusted R-

squared/ Pseudo 

R-squared 

0.5735 0.0560 0.5783 0.9409 0.5767 

Note: * statistical significance at 10%; ** statistical significance at 5%; *** statistical significance at 1%. 

 

 



Table 11. Curvilinear model using SGR: ES industries 

 

Variable 

CSD (proxied by SGR) 

OLS 
Lower quantiles  Median Upper quantiles 

10th  25th 50th 75th 90th 

ESG 0.0605 0.6318* 0.0215 -0.0182 -0.0094 -0.1207 

 (0.1502) (0.3476) (0.1156) (0.0415) (0.0762) (0.0923) 

ESG2 0.0002 -0.0119* 0.0016 0.0017** 0.0018 0.0036** 

 (0.0028) (0.0063) (0.0019) (0.0007) (0.0014) (0.0015) 

AGE 0.0939*** 0.1040* 0.0811*** 0.0319*** 0.0451*** 0.0780*** 

 (0.0352) (0.0542) (0.0224) (0.0115) (0.0153) (0.0269) 

LEV 0.5513 -7.9181*** 8.2949*** 5.6933*** 8.2023*** 10.9975*** 

 (1.8850) (2.8629) (1.1620) (0.4083) (0.6894) (1.0582) 

NPM 74.4101*** 75.3809*** 76.8821*** 74.4037*** 74.5983*** 60.4023*** 

 (3.5986) (3.6722) (1.5008) (0.4959) (1.4516) (1.9834) 

OEG 6.1082*** 4.1505*** 2.8078*** 2.6921*** 6.4087*** 13.6076*** 

 (0.9503) (0.4001) (0.4901) (0.4333) (1.0046) (1.4657) 

SIZE 0.1664 1.2241*** -0.2037 -0.2085*** -0.4407*** -0.6059*** 

 (0.2556) (0.3404) (0.1567) (0.0647) (0.0874) (0.1515) 

Constant -8.2793 -42.6258*** -4.0084 1.1147 6.6799*** 12.9636*** 

 (5.8979) (8.2930) (3.5597) (1.3987) (2.0313) (3.2512) 

Observations 1,822 1,822 1,822 1,822 1,822 1,822 

Industry fixed Yes Yes Yes Yes Yes Yes 

Year fixed Yes Yes Yes Yes Yes Yes 

Adjusted R-

squared/ 

Pseudo-R2 

0.616 0.420 0.340 0.361 0.374 0.373 

Slope at lower 

bound XL 

(β1+2*β2*XL) 

— 0.4154** — — — — 

Slope at upper 

bound XH 

(β1+2*β2*XH) 

— -0.4205** — — — — 

Sasabuchi 

(1980) test 

statistic 

— 1.77** — — — — 

95% confidence 

interval (Fieller 

method) 

— (-∞,∞) — — — — 

Inflection point — 26.55 — — — — 

Note: * statistical significance at 10%; ** statistical significance at 5%; *** statistical significance at 1%. 

  



Table 12. Curvilinear model using SGR: NES industries 

 

Variable 

CSD (proxied by SGR) 

OLS 
Lower quantiles  Median Upper quantiles 

10th  25th 50th 75th 90th 

ESG 0.2794*** 1.0576*** 0.2795*** 0.0752* -0.0790 -0.2608*** 

 (0.0823) (0.1610) (0.0574) (0.0398) (0.0720) (0.0746) 

ESG2 -0.0039*** -0.0148*** -0.0039*** -0.0009 0.0010 0.0035*** 

 (0.0015) (0.0028) (0.0010) (0.0007) (0.0014) (0.0013) 

AGE 0.0311 -0.0597* -0.0013 -0.0006 0.0099 0.0626*** 

 (0.0199) (0.0321) (0.0118) (0.0100) (0.0164) (0.0199) 

LEV 8.2022*** 14.1250*** 9.6699*** 8.5645*** 11.1862*** 13.0460*** 

 (1.2689) (1.6793) (0.5882) (0.3437) (0.6874) (1.0177) 

NPM 59.1416*** 58.6995*** 47.3483*** 50.1531*** 54.7832*** 49.4610*** 

 (2.1499) (1.6745) (0.8768) (0.5503) (0.7943) (1.4434) 

OEG 3.6473*** 2.5961*** 1.8621*** 1.9711*** 3.9363*** 10.5864*** 

 (0.5517) (0.5132) (0.2149) (0.2537) (0.6015) (1.1689) 

SIZE 0.6194*** -0.0804 -0.0919 0.2151*** 0.4537*** 0.5674*** 

 (0.1475) (0.1862) (0.0666) (0.0712) (0.1139) (0.1184) 

Constant -22.6947*** -25.0500*** -7.4299*** -8.9931*** -11.2137*** -9.8734*** 

 (3.0482) (4.1243) (1.4729) (1.5811) (2.5005) (2.2928) 

Observations 3,876 3,876 3,876 3,876 3,876 3,876 

Industry 

fixed 

Yes Yes Yes Yes Yes Yes 

Year fixed Yes Yes Yes Yes Yes Yes 

Adjusted R-

squared/ 

Pseudo-R2 

0.583 0.335 0.282 0.295 0.297 0.289 

Slope at 

lower bound 

XL 

(β1+2*β2*XL) 

0.2085*** 0.7885*** 0.2086*** — — -0.1972*** 

Slope at 

upper bound 

XH 

(β1+2*β2*XH) 

-0.0655 -0.2512*** -0.0654** — — 0.0487 

Sasabuchi 

(1980) test 

statistic 

1.27 2.64*** 1.79** — — 1.08 

95% 

confidence 

interval 

(Fieller 

method) 

[30.50,61.83] [33.06,40.80] [32.69,45.7] — — [32.59,61.60] 

Inflection 

point 
35.82 35.73 35.83 — — 37.26 

Note: * statistical significance at 10%; ** statistical significance at 5%; *** statistical significance at 1%. 

 

 

 

 

 

 



Figure 1. OLS and QR estimates plotted 

 

 

 
 

 

 



Figure 2. The half-inverted U-shaped ESG-CSD nexus for the OLS method (A), 

inverted ESG-CSD in the 10th quantile (B), half-inverted U-shaped ESG-CSD nexus 

in the 25th quantile (C), U-shaped ESG-CSD nexus in the 90th quantile (D) 

 

  

  
 

 

Figure 3. The inverted U-shaped ESGE-CSD nexus in the 10th quantile (A), the half-

inverted ESGE-CSD nexus in the 25th quantile (B), and in the 50th quantile (C) 

 

  
 

 

 

 

 



Figure 3. Continued  

 

 
 

 

Figure 4. The inverted U-shaped ESGS-CSD nexus in the 10th quantile (A), and the 

half-inverted ESGS-CSD nexus in the 25th quantile (B) 

 

  
 

 

Figure 5. The U-shaped ESGG-CSD nexus in the 10th quantile (A), the half-inverted 

ESGG-CSD nexus in the 75th quantile (B), and inverted ESGG-CSD nexus in the 

90th quantile (C) 

 

  
 

 



Figure 5. Continued  

 

 
 

 




