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Currently, environmental, social, and corporate governance (ESG) has become

an all-pervasive term in the industrial sector, owing to its significant impact

on corporate decision-making. While most of the studies provide evidence

that the ESG significantly improves a firm’s performance and value in the

long run, few studies quantitatively analyzed the linkage between ESG and

total factor productivity (TFP). Using the data of Chinese-listed companies

during 2010–2020, we found that there is a positive relationship between ESG

performance and TFP. ESG also improves the corporate TFP by reducing the

financial constraints and improving the innovation input. Our extended analysis

revealed that this beneficial e�ect tends to be stronger for SOEs (state-owned

enterprises) and industries with high pollution levels. This study also brought

to light some implications for Chinese firms in relation to their ESG practices

and sustainable development.
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Introduction

Environmental, social, and corporate governance are abbreviated as ESG, which

was proposed by the United Nations (UN) in 2004. In recent years, the issues of

sustainability and ESG activities are getting growing attention. For example, Lins et al.

(2017) investigated the performance of ESG firms during periods when the trust in

corporations was at its low ebb. They arrived at the conclusion that firms that have ESG

show higher performance and fetch higher returns than firms that lack ESG. Bruna et al.

(2022) and Huang et al. (2022) noted that the enterprise’s ESG strategies have a positive

and significant impact on the enterprise value and financial performance. In emerging

and developing countries, especially, ESG reduces the cost of capital and increases the

value of companies (Wong et al., 2021). Meanwhile, any adverse ESG information also

has a significant positive impact on the evaluation of enterprises (Wong and Zhang,

2022). ESG’s importance in enterprises is steadily increasing and is gradually being

applied to the process of enterprise governance, such as agency costs (Lambert et al.,

2007), investment efficiency (Zhong and Gao, 2017), financial constraints (Fafaliou et al.,

2022), cost of capital (Cheng et al., 2014; Capelle-Blancard and Petit, 2019), cost of debt

(Gerwanski, 2020), and innovation capabilities of enterprises (Broadstock et al., 2021).

The findings highlight the fact that the effect caused by firms’ ESG has a long provenance

in financial economics and enterprise governance.
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With a continuous implementation of China’s sustainable

development strategy, the economy is shifting to the stage of

high-quality development. Improving total factor productivity

(TFP) is the best way to promote high-quality economic growth

(Glawe and Wagner, 2019). TFP is an important indicator

of enterprise production efficiency (Schoar, 2002; Barth et al.,

2005) and a key determinant of the enterprise value (Tian

and Twite, 2011). As a pillar of economy, TFP plays a crucial

role in promoting corporate sustainable development. The

previous literature examined the factors influencing TFP from

the perspective of internal and external corporate governance.

TFP is mainly influenced by financial constraints (Caggese and

Cunat, 2013), R&D (Research and Development) (Sheu and

Yang, 2005; Chiang and Lin, 2007), uncertainty in economic

policies (Li et al., 2021), digital financial inclusion (Chen et al.,

2022), value-added tax reforms (Peng et al., 2021), and so on.

However, limited attention has been paid to the mechanism of

ESG performance and TFP. In this context, what exactly is the

impact of ESG on TFP? How does ESG affect TFP? The present

study discusses the above two aspects to explore the factors

affecting the change in total factor productivity (TFP).

We empirically studied the impact of ESG on TFP using data

from Chinese-listed companies. Our sample includes 15,757

firm-year observations from 2010 to 2020. The data are derived

from the China Stock Market & Accounting Research (CSMAR)

database. We investigated whether ESG is related to TFP or

not. We studied the potential channels whose technological

innovation and financial constraints have an effect on the TFP

by the mediating effect. We found that the ESG can significantly

increase the TFP. The analyses of endogeneity, self-selection

bias, and robustness tests support our conclusions further. From

the mediating effect analysis, ESG increases TFP by enhancing

the innovation capacity of enterprises and easing their financial

constraints. From further analyses, we found that this significant

effect is stronger among state-owned enterprises (SOEs) and

heavy pollution firms.

The present study offers three major contributions to the

research on ESG, which are given as follows: first, our research

discusses the impact of ESG on TFP, enriching the existing

literature on the influence of ESG. The existing literature focuses

on the impact of ESG on the firm value (Azmi et al., 2021;

Wong et al., 2021; Bofinger et al., 2022), idiosyncratic risk (He

et al., 2022), financial risk (Shakil, 2021), cash flow (Gregory,

2022), default risk (Li et al., 2022), and costs of raising capital

(Luo, 2022). However, the impact of ESG on TFP has not

been given due attention. Second, our results indicate that ESG

has a positive impact on TFP through the mediating effect of

innovation capacity and financial constraints and contribute

to the understanding of TFP. Given the significant impact

of ESG on corporate governance, our research highlights the

importance of ESG in corporate sustainable development.

The remaining of the present study is organized as

follows. The next section shows a review of the literature

and the hypotheses proposed. In the third section of research

design, data, variables, and model design are described. In the

fourth section, the empirical results, the robustness tests, and

heterogeneity analysis are present. The final section presents the

conclusion of the present study.

Literature review and hypotheses
development

ESG performance and total factor
productivity

In recent years, environmental, social, and governance

(ESG) is increasingly involved in planning and implementing

corporate strategies (Durand et al., 2019; Huang et al., 2022).

Hence, an increasing number of scholars and managers are

beginning to pay extra attention to the impact of sustainability

strategy on corporate performance (Margolis and Walsh, 2003;

Shen and Chang, 2009; Fiandrino et al., 2019; Li et al., 2019).

In addition, several bodies of literature have documented the

positive impact of ESG strategies on a firm’s performance,

such as financial performance (Rettab et al., 2009; Hernández

et al., 2020), innovation (Inigo and Albareda, 2019), financial

constraints (Samet and Jarboui, 2017), and corporate reputation

(Liu et al., 2014). At the same time, these factors affect TFP even

further. TFP is an effective indicator to measure an enterprise’s

performance (Barth et al., 2005; Tian and Twite, 2011).

The existing literature suggests several possible channels

through which ESG performance has a positive impact on

total factor productivity. First, a high-quality ESG performance

helps a firm to increase the steps taken toward innovation in

the process of firm operation and development. The impact

of promoting corporate social responsibility (CSR) activities

on corporate performance originates from the enhancement of

R&D (Research & Development) efforts (Lioui and Sharma,

2012), which too has a significant positive impact on TFP (Sheu

and Yang, 2005; Chiang and Lin, 2007). A firm’s ESG strategy

initially enhances its ability to pursue innovative activities and

then ultimately and positively impacts its financial/operational

performance (Broadstock et al., 2021), thus improving the

TFP of enterprises (Chang and Tang, 2021). Second, firms

with a high-quality ESG performance are more effective in

mitigating financial constraints and increasing TFP. Firms with

a good performance of ESG have a lower default risk, lower

financing costs, and higher cash holdings of enterprises (Li

et al., 2022). For corporate managers, ESG is a good tool that

reduces the cost of raising capital in the capital markets (Luo,

2022), which in turn enhance the firm’s TFP. This leads to the

first hypothesis.

Hypothesis 1. There is a positive association between ESG

performance and total factor productivity (TFP).
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ESG performance, state ownership, and total
factor productivity

ESG has become an important standard for the international

community to measure the level of green and sustainable

development of enterprises. Some people believe that

environmental and social issues should be managed only

by governments, and not companies, because governments

alone are more capable of tackling such overwhelming

issues. There are some differences between state-owned

enterprises (SOEs) and non-state-owned enterprises with

regard to business operation, management structure, and

external environment. Hsu et al. (2021) considered firms

from 45 countries that include state ownership companies.

Their results showed that state-owned firms play a greater

role and are more engaged in environmental and social

issues than other firms and are even concentrated in energy

firms and firms in emerging economies. Franceschelli et al.

(2019) confirmed that ESG has a positive effect on an SOE’s

financial performance. Thus, the beneficial effect tends to

be stronger for SOEs than for non-SOEs. This leads to the

second hypothesis.

Hypothesis 2. The effect of ESG on TFP tends to be more

evident for SOEs than for non-SOEs.

ESG performance, pollution, and total factor
productivity

Environment has a profound impact on TFP, which

serves as an important indicator of enterprise development.

Environmental regulation presents a positive effect on TFP (Ai

et al., 2020) and shows a much greater influence on heavy

pollution industries when compared with non-heavy pollution

industries (Yang et al., 2022). In heavy pollution industries,

environmental regulation reduces the ability of the enterprise

to introduce novel technological innovations (Shen et al., 2019).

In addition, Doshi et al. (2013) found that heavy pollution

enterprises face higher financing costs. In that case, better

ESG engagement alone encourages heavy pollution enterprises

to pursue R&D investment and decrease consequent financial

constraints. Besides, for sustainable development, enterprises

will further increase the disclosure of ESG information.

Resource disclosure of ESG information will increase the

free cash flow of an enterprise, decrease the financing cost

(Plumlee et al., 2015), and increase the ability to bring in

technological innovation. Thus, the beneficial effect of linking

environmental regulation and TFP, which entails a decrease in

cost factor, tends to be stronger for heavy pollution enterprises

than for non-heavy pollution enterprises. This leads to the

third hypothesis.

Hypothesis 3. The effect of ESG on TFP tends to be even

more evident for heavy pollution enterprises than for non-heavy

pollution enterprises.

Data and research design

Data

In our study, we used the data of Chinese A-share-listed

firms during the period 2010–2020. All financial data, ESG data,

and TFP data were obtained from the China Stock Market

and Accounting Research (CSMAR) database. The year 2010

was chosen as the beginning year of the sample period. The

samples were screened according to the following criteria: (1)

Financial firms and insurance firms were excluded from the

sample; (2) the special treatment (ST and ST∗) firms were

excluded; and (3) the variables were winsorized at both the

top and bottom 1% quantiles to reduce the potential impact

of outliers. Following these criteria, the final sample comprised

15,757 firm-year observations.

Empirical design

To investigate the effect of ESG performance on TFP, we

used the following model:

TFPi,t = α + β1ESGi,t +
∑

Controli,t + Industry

+Year + εi.t , (1)

where for firm i and year t, the dependent variable is total

factor productivity TFP, which is measured by the LP method

(Levinsohn and Petrin, 2003). We also followed the method of

Olley and Pakes (1996) to calculate the (log) level of TFP of firm

i at year t using the non-parametric method to proxy TFP in the

robustness test. The independent variable is ESG performance.

Following Lin et al. (2021), we employed the ESG index to proxy

ESG performance and transfer the ESG rating from AAA to C to

numbers 1 to 9. A higher number in ESG rating means a higher

ESG performance. This index has been developed by the Sino-

Securities Index Information Service (Shanghai) Co. Ltd. for all

listed firms in China.

The control variables Control include firm size (Size), return

on assets (ROA), leverage (Lev), growth opportunity (Growth),

and firm age (FirmAge). To compute the characteristics

of corporate governance, we included the percentage of

independent directors (Indep), duality of the chairman and CEO

(Dual), the shareholding ratio of the top shareholder (Top1), and

whether the firm is a state-owned firm (SOE). In addition, the

industry and year are included in the model.

To test the mediating effect of financial constraint and R&D

on the relationship between the ESG and the TFP, we estimated

the following regression:

KZ(RD)i,t = α + β1ESGi,t +
∑

Controli,t + Industry

+Year + εi.t (2)
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TABLE 1 Summary statistics.

Variable N mean sd min median max

TFP_lp 15,757 16.317 1.086 12.954 16.2 20.518

ESG 15,757 6.444 1.131 1 6 9

Size 15,757 22.24 1.249 19.525 22.068 26.398

ROA 15,757 0.041 0.07 −0.398 0.041 0.244

Lev 15,757 0.416 0.198 0.027 0.41 0.925

Growth 15,757 0.177 0.401 −0.66 0.117 4.33

Cash 15,757 0.049 0.066 −0.2 0.047 0.257

FirmAge 15,757 2.84 0.351 1.099 2.89 3.555

Indep 15,755 0.376 0.054 0.273 0.364 0.6

Dual 15,757 0.311 0.463 0 0 1

Top1 15,757 0.336 0.146 0.083 0.315 0.758

SOE 15,757 0.257 0.437 0 0 1

TFPi,t = α + β1ESGi,t + β2KZ(RD)i,t +
∑

Controli,t

+Industry+ Year + εi.t , (3)

where KZ(RD)i,t represents the mediating variable. KZ is the

mediating variable, and we used the KZ index as a quantitative

indicator to measure the degree of financial constraint of the

listed firm. The other mediating variable is the R&D intensity

RD, which is measured by the ratio of R&D investment

to operating income. Appendix A provides definitions of all

variables that are used in our analysis.

Empirical results and analysis

Descriptive statistics

Table 1 presents the descriptive statistics for the key

variables. The mean value of TFP is 16.317, the standard

deviation is 1.086, the maximum value is 20.518, and the

minimum value is 12.954, which demonstrate that TFP is

different among sample firms, but it is a normal distribution. The

mean value of ESG is 6.444, which demonstrates that the level of

ESG is between BBB and A. From Table 1, the average firm has a

level of total assets (Size) of 22.24, ROA has an average (median)

of 4.1% (4.1%), while the leverage (Lev) has a mean (median) of

0.416 (0.41). In addition, the firms of the sample have an average

annual sales growth (Growth) of 0.177 and an average sum of

cash scaled by total assets (Cash) of 0.049.

Basic regression results

The impact of ESG on TFP

First, the main results, which show the influence of ESG

on TFP, are discussed in Table 2. The control variables, year

and industry effects, were added in eq. (1). The coefficient

of ESG is 0.289 at the 1% significance level in Column

(1), indicating that the ESG increases the TFP significantly.

When we added the control variables only, Column (2)

shows that the coefficient of ESG is 0.0.019 at the 1%

significance level. After controlling for both the year and

industry effects, as shown in Column (3) of Table 2, the

coefficient of ESG is 0.023 at the 1% significance level in

Column (3), indicating that the ESG increases the TFP

significantly. This proves Hypothesis 1. For the control

variables, the results in Table 2 show that firm’s size, ROA,

Lev, Growth, and Cash are significantly and positively related

to TFP.

Heterogeneity analysis

SOEs vs. non-SOEs

In China, the actual situation in which state-owned

enterprises (SOEs) are different from non-state-owned

enterprises in terms of ESG needs to be taken into consideration.

The state-owned firms are more engaged in environmental

and social issues than other non-state-owned firms (Hsu

et al., 2021). Meanwhile, ESG has a positive influence

on a firm’s financial performance (Franceschelli et al.,

2019).

The sample is divided into SOEs and non-SOEs. From

the regression model (1), we established whether the impact

of ESG on the TFP is going to be relatively different

in different ownership types. In Columns (1) and (2) of

Table 3, the regression results demonstrate that ESG in

SOEs can play a much better role in increasing TFP than

those in non-SOEs. From the above results, Hypothesis 2

is verified.
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TABLE 2 The e�ect of environmental, social, and corporate

governance (ESG) on total factor productivity (TFP).

Variable TFP_lp

(1) (2) (3)

ESG 0.289*** 0.019*** 0.023***

(39.620) (4.308) (5.192)

Size 0.640*** 0.636***

(136.342) (131.860)

ROA 1.823*** 1.867***

(23.243) (23.715)

Lev 0.941*** 0.947***

(32.215) (32.316)

Growth 0.110*** 0.121***

(9.409) (10.288)

Cash 0.632*** 0.569***

(8.566) (7.648)

FirmAge 0.024* −0.003

(1.778) (−0.225)

Indep −0.147* −0.159*

(−1.772) (−1.919)

Dual −0.019* −0.025**

(−1.908) (−2.455)

Top1 0.166*** 0.171***

(5.179) (5.330)

SOE 0.009 0.014

(0.735) (1.177)

Constant 14.455*** 1.383*** 1.516***

(302.977) (13.824) (14.234)

Year No No Yes

Indu No No Yes

N 15,757 15,755 15,755

r2 0.091 0.738 0.801

The t-statistics reported in parentheses are based on standard errors clustered at the firm

level. *** , ** , and * denote significance at the 1, 5, and 10% levels, respectively.

Heavy pollution enterprises vs. non-heavy
pollution enterprises

Environment has a significant impact on TFP. Heavy

pollution enterprises have a lower ability of introducing

technological innovations in their enterprises (Shen et al., 2019)

and thereby face higher financing costs, according to Doshi

et al. (2013). Heavy pollution enterprises have to first strengthen

the disclosure of ESG information so as to alleviate financial

constraints (Luo, 2022), promote technological innovation

(Broadstock et al., 2021), and thus have a positive impact on

TFP. From Columns (3) and (4) of Table 3, the regression results

show that ESG in heavy pollution enterprises has to play a more

important role in increasing TFP than non-heavy pollution

enterprises. Therefore, hypothesis 3 is verified.

TABLE 3 Heterogeneity analysis.

Variable TFP_lp

nonSOE SOE non heavy pollu heavy pollu

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

ESG 0.006* 0.022*** 0.004 0.015***

(1.669) (3.652) (1.096) (3.107)

Size 0.553*** 0.595*** 0.580*** 0.445***

(69.170) (45.953) (70.730) (36.671)

ROA 0.688*** 1.997*** 0.787*** 1.132***

(12.734) (16.781) (14.157) (12.650)

Lev 0.360*** 0.363*** 0.459*** 0.215***

(11.451) (6.680) (13.840) (4.874)

Growth 0.171*** 0.166*** 0.166*** 0.194***

(23.489) (12.690) (22.197) (16.890)

Cashflow 0.758*** 0.364*** 0.637*** 0.724***

(14.078) (4.244) (11.536) (9.812)

FirmAge 0.263*** 0.118 0.282*** 0.299***

(5.596) (1.488) (6.046) (4.333)

Indep −0.107 0.069 0.069 −0.186

(−1.204) (0.604) (0.807) (−1.635)

Dual −0.025*** −0.007 −0.028*** 0.000

(−2.674) (−0.387) (−2.833) (0.006)

Top1 −0.076 −0.178** −0.147*** −0.050

(−1.397) (−2.273) (−2.612) (−0.708)

SOE 0.012 0.020

(0.540) (0.618)

_cons 3.075*** 2.446*** 2.440*** 5.271***

(15.397) (7.118) (11.928) (17.810)

Year Yes Yes Yes Yes

Indu Yes Yes Yes Yes

N 11,701 4,054 11,274 4,481

r2 0.658 0.646 0.658 0.622

The t-statistics reported in parentheses are based on standard errors clustered at the firm

level. *** , ** , and * denote significance at the 1, 5, and 10% levels, respectively.

Mechanism analysis

The mediating e�ect of financial constraints
and technological innovation

With the continuous implementation of the sustainable

development strategy, the disclosure of ESG information

becomes particularly important from the enterprises’ value point

of view. ESG can alleviate the financial constraints of enterprises

(Samet and Jarboui, 2017), improve the innovation ability of

enterprises (Inigo and Albareda, 2019), and then augment

the TFP. Furthermore, we examined the mediating role of

technological innovation and financial constraints underlying

the effect of ESG on TFP. In Table 4, from Column (1), the

coefficient of ESG is 0.023 at the 1% significance level, which is
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TABLE 4 Mechanism analysis.

Variable TFP_lp KZ TFP_lp TFP_lp RD TFP_lp

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

ESG 0.023*** −0.020** 0.022*** 0.023*** 0.001*** 0.016***

(5.192) (−1.999) (5.104) (5.192) (8.415) (3.802)

KZ −0.020***

(−5.872)

RD 4.292***

(21.743)

Size 0.636*** −0.254*** 0.631*** 0.636*** −0.003*** 0.651***

(131.860) (−22.300) (128.934) (131.860) (−17.969) (135.553)

ROA 1.867*** −5.433*** 1.759*** 1.867*** 0.023*** 1.770***

(23.715) (−29.242) (21.787) (23.715) (7.201) (22.782)

Lev 0.947*** 6.740*** 1.080*** 0.947*** −0.006*** 0.972***

(32.316) (97.494) (29.146) (32.316) (−4.982) (33.634)

Growth 0.121*** −0.294*** 0.115*** 0.121*** 0.001 0.118***

(10.288) (−10.618) (9.767) (10.288) (1.197) (10.234)

Cashflow 0.569*** −14.744*** 0.277*** 0.569*** 0.023*** 0.472***

(7.648) (−83.936) (3.097) (7.648) (7.653) (6.424)

FirmAge −0.003 0.214*** 0.001 −0.003 −0.007*** 0.027*

(−0.225) (6.154) (0.063) (−0.225) (−12.008) (1.845)

Indep −0.159* 0.674*** −0.146* −0.159* 0.008** −0.192**

(−1.919) (3.446) (−1.759) (−1.919) (2.366) (−2.357)

Dual −0.025** −0.110*** −0.027*** −0.025** 0.002*** −0.033***

(−2.455) (−4.652) (−2.673) (−2.455) (4.690) (−3.302)

Top1 0.171*** −0.713*** 0.156*** 0.171*** −0.015*** 0.234***

(5.330) (−9.438) (4.880) (5.330) (−11.587) (7.386)

SOE 0.014 0.285*** 0.020* 0.014 −0.000 0.014

(1.177) (10.179) (1.649) (1.177) (−0.043) (1.202)

Constant 1.516*** 3.851*** 1.592*** 1.516*** 0.103*** 1.073***

(14.234) (15.326) (14.856) (14.234) (24.350) (10.038)

Year Yes Yes Yes Yes Yes Yes

Indu Yes Yes Yes Yes Yes Yes

N 15,755 15,755 15,755 15,755 15,755 15,755

r2 0.741 0.703 0.742 0.741 0.098 0.749

The t-statistics reported in parentheses are based on standard errors clustered at the firm level. *** , ** , and * denote significance at the 1, 5, and 10% levels, respectively.

consistent with the basic regression results. From Column (2),

the coefficient of ESG is −0.020 at the 1% significance level.

In Column (3), we added the ESG and financial constraints in

our model and found that the coefficient of ESG is positive and

significant at the 1% significance level and that the coefficient

of financial constraints is negative and significant at the 1%

significance level. It shows that ESG increases TFP by easing

financial constraints. Columns (4)–(6) show the results that the

mediating variable is a technological innovation. From Column

(5), the coefficient of ESG is 0.001 at the 1% significance

level. In Column (6), the ESG and technological innovation

are added to our model, and the coefficient of ESG and

technological innovation are positive and significant at the 1%

significance level. It shows that ESG increases TFP by promoting

technological innovation.

Endogeneity issues and robustness test

In the present study, an investigation on the relationship

between ESG and TFP showed that it may be affected by

other unobservable factors, which may result in endogeneity

problems. To address the potential endogeneity issue, we

performed TFP lags by one-stage, propensity score matching
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TABLE 5 Endogeneity issues.

Panel A: The One-phase-lagged of Total Factor Productivity

(TFP)/Firm fixed effects model/ Propensity score matching

(PSM)

Variable L.TFP_lp TFP_lp TFP_lp

(1) (2) (3)

ESG 0.020*** 0.008*** 0.012***

(4.340) (2.663) (2.911)

Size 0.639*** 0.546*** 0.641***

(118.380) (80.750) (130.209)

ROA 1.434*** 0.902*** 2.248***

(17.002) (18.994) (25.830)

Lev 0.911*** 0.368*** 0.875***

(28.001) (13.790) (28.733)

Growth −0.510*** 0.172*** 0.107***

(−37.697) (27.383) (9.115)

Cashflow 0.677*** 0.642*** 0.743***

(8.063) (14.283) (9.903)

FirmAge −0.003 0.303*** 0.017

(−0.204) (7.763) (1.144)

Indep −0.196** −0.092 −0.258***

(−2.150) (−1.328) (−3.189)

Dual −0.016 −0.016** −0.034***

(−1.419) (−2.034) (−3.430)

Top1 0.183*** −0.141*** 0.192***

(5.124) (−3.190) (6.123)

SOE 0.008 0.007 0.066***

(0.611) (0.365) (5.799)

Constant 1.586*** 3.117*** 1.083***

(13.139) (12.438) (8.496)

Year Yes Yes Yes

Indu Yes Yes Yes

N 12,473 15,755 12,842

r2 0.744 0.677 0.810

Panel B: Instrumental variables (IV) approach

ESG TFP_lp

(1) (2)

ESG 0.039***

(2.935)

IV 0.866***

(75.614)

Control Yes Yes

Year Yes Yes

Indu Yes Yes

N 15,755 15,755

F-statistics 80.451

The t-statistics reported in parentheses are based on standard errors clustered at the

firm level. *** , ** , and * denote significance at the 1, 5, and 10% levels, respectively.

(PSM) procedure, firm fixed-effects model, and instrumental

variables (IV) approach.

The one-phase-lagged of TFP

To solve the endogeneity issue, the present study adopted

the method of lagging the dependent variable by one period.

Column (1) of Table 5 show that the coefficient of ESG is 0.020

at the 1% significance level. The results are consistent with those

given previously.

Firm fixed-e�ect model

To mitigate potential problems that arise from omitting

time-invariant firm-specific characteristics, we reestimated the

regressions of model (1) using the firm fixed effects model, when

TFP is adopted as the dependent variable. The regression results

of the fixed effects model are shown in Panel A of Table 5. In

Column (2), the coefficient of ESG is 0.008 at the 1% significance

level. It implies that our results are not driven by any time-

invariant firm-specific characteristic, and the results are robust

for endogeneity issues.

Propensity score matching procedure

Propensity score matching (PSM) procedure was used

to reduce the influence of sample firms’ characteristics

on conclusions. The firm size (Size), return on assets

(ROA), leverage (Lev), growth opportunity (Growth),

firm age (FirmAge), year, and industry were matched

one to one. The mean ESG performance was taken as

the critical value to construct the experimental group

and the control group. After the ESG was matched and

from Column (3) of Panel A of Table 5, the estimated

coefficient of ESG is still positive and significant at

the 1% significance level, which does not change the

original conclusion.

Instrumental variables approach

Next, we used the method of instrumental variables to solve

the endogeneity problem. We attempted to construct a group of

instrumental variables (IV). In the previous literature, the ESG

level at the industry or region level was used as the instrumental

variable (IV) of ESG of the firm (Breuer et al., 2018).

To solve the endogeneity issue further, we chose the

average value of ESG in the same region or industry as

the instrumental variable. From Panel B of Table 5, Column

(1) shows that the coefficient of IV is 0.866 at the 1%

significance level. It indicates that the IV we selected is

highly correlated with ESG. The results of Column (2) showed

that the coefficient of IV is 0.039 at the 1% significance

level. It indicates that, after controlling for the endogeneity
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TABLE 6 Robustness tests.

TFP_op TFP_lp

(1) (2)

ESG 0.096***

(20.326)

ESG_dum 0.020**

(2.251)

Size 0.408*** 0.647***

(88.385) (144.423)

ROA 2.645*** 1.914***

(30.401) (27.246)

Lev 1.738*** 0.816***

(57.904) (30.278)

Growth 0.143*** 0.123***

(11.027) (11.783)

Cashflow 0.420*** 0.704***

(5.023) (10.502)

FirmAge −0.002 0.011

(−0.110) (0.796)

Indep −0.076 −0.320***

(−0.818) (−4.326)

Dual −0.073*** −0.037***

(−6.593) (−4.176)

Top1 0.230*** 0.201***

(6.366) (6.947)

SOE 0.187*** 0.059***

(13.906) (5.438)

Constant 12.284*** 1.077***

(120.980) (9.018)

Year Yes Yes

Indu Yes Yes

N 15,748 15,755

r2 0.501 0.801

The t-statistics reported in parentheses are based on standard errors clustered at the firm

level. *** , ** , and * denote significance at the 1, 5, and 10% levels, respectively.

problems of ESG, the conclusion of the present study

still holds.

Other robustness checks

Alternative methods of identifying independent
variables

We confirm the robustness of our results by two alternative

approaches. First, the alternative methods of identifying

independent variables for ESG are used. Following (Lin et al.,

2021), the proportional variable (ESG_dum) is used as a new

identifying method for ESG. Column (2) of Table 6 shows that

the coefficient of ESG_dum is still significantly positive at the

level of 1%. After changing the independent variable identifying

method, we find that ESG increases TFP significantly.

Alternative methods of identifying dependent
variables

From Column (2) of Table 6, the new regression analysis

results of changing the dependent variable TFP calculation

method are obtained. Following Olley and Pakes (1996), we

recalculated the TFP. The regression analysis results prove that

the results of the above mentioned basic regression analysis

are robust.

Conclusion

The present study details various factors as to whether

and how ESG affects TFP. Using the data of Chinese-listed

companies from 2010 to 2020, it has been proved that ESG

has a significantly positive impact on TFP. Through the

mediating effect analysis, we found that the positive impact

of ESG on TFP is mainly brought about by promoting

technological innovation and easing financial constraints,

which are consistent with previous studies. At the same

time, we also found that ESG has a more significant

impact on TFP for state-owned enterprises (SOEs) and heavy

pollution enterprises. The robustness test also further supports

our conclusion.

Our research emphasizes the importance of ESG to

the TFP of enterprises and shows that increasing the

R&D investment of listed companies in ESG is conducive

to promoting the sustainable growth and development

of enterprises. Based on our research, we propose the

following three suggestions. First, enterprises should promote

the implementation of ESG responsibilities as a strategy

to drive the long-term value of enterprises. We should

further strengthened the awareness of ESG responsibility

and placed the improvement of environmental protection,

social responsibilities, and corporate governance in an

important position to promote the sustainable development

of enterprises. Second, the government should improve the

mechanism of evaluation and information disclosure for

an enterprise’s ESG, provide effective data to support the

decision-making of stakeholders, and further promote the

high-quality development of economy and enterprises. Third, in

the context of sustainable development, institutional investors

and individual investors, who are outside the enterprise,

should not only pay attention to the financial performance

of the enterprise but also focus on the ESG performance of

the enterprise in the process of investment so as to obtain

greater benefits.
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Appendix

TABLE A1 Variable definitions.

Variable Definition

TFP Total factor productivity measured by the LP method (Levinsohn and Petrin, 2003), defined as the (log) level of TFP of firm i at year t.

TFP_op TFP is measured using Olley and Pakes (1996) non-parametric method.

ESG ESG index developed by Sino-Securities Index Information Service (Shanghai) Co. Ltd. for all listed firms in China, following Lin et al. (2021).

Size The natural logarithm of total assets

ROA The company’s net profit divided by the total assets

Lev The value of liabilities divided by total assets

Grow The annual growth rate of sales

Cash The sum of cash scaled by total assets

FirmAge The log value of firms’ age.

Indep The total number of shares traded in a year, divided by the total number of shares outstanding at the end of the fiscal year

Dual 1 if the CEO is also the chairman of the board, and 0 otherwise.

Top1 The first largest shareholder equity ratio

SOE 1 if the firm is a state-owned firm, and 0 otherwise

RD R&D intensity, which is measured by the ratio of R&D investment to operating income

KZ Financing Constraints index of firm i at year t, following Kaplan and Zingales (1997).
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