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Does ESG performance promote ‘New Quality Productive Forces’ in China? From
efficiency-driven and innovation-driven perspectives

Sigi Li(® and Yangkai Jin

China Institute for WTO Studies, University of International Business and Economics, Beijing, China

ABSTRACT

With the rapid advancement of corporate Environmental, Social, and Governance (ESG) ratings, it is
crucial to examine their effects on China’s pursuit of ‘New Quality Productive Forces’ from both
efficiency-driven and innovation-driven perspectives. By utilizing panel data from Chinese listed
firms from 2009 to 2023, our empirical results indicate that ESG ratings significantly enhance both
total factor productivity (TFP) and the quantity and quality of green innovation, with the effect on
green innovation being more pronounced. This positive effect is achieved through multiple
mechanisms, including the alleviation of financing constraints and the mitigation of principal-
agent issues. Additionally, media attention serves as a positive moderating factor, strengthening
the beneficial impact of ESG ratings on both TFP and green innovation. We also explore the impact
of ESG ratings on corporate greenwashing and find that higher ESG ratings substantially lower the
likelihood of greenwashing. Heterogeneity analyses reveal that the impact of ESG ratings varies
across different regional policy environments, industry sectors, and firm characteristics. Notably,
the positive effects on TFP and green innovation are more pronounced in regions with Pilot Free
Trade Zones (PFTZs) and firms in technology-intensive and capital-intensive sectors, with the
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magnitude of these effects also being influenced by ownership structure.

I. Introduction

Within the context of global sustainable develop-
ment, the Environmental, Social, and Governance
(ESG) concept has profoundly reshaped the land-
scape of responsible investment. Recognized as key
non-financial indicators, ESG ratings provide
essential insights into corporate sustainability on
a worldwide scale.

ESG ratings have become central to guiding
corporate behaviour, playing a crucial role in
enhancing productivity and innovation by offering
a comprehensive framework for assessing sustain-
ability and operational efficiency. This framework
helps firms manage risks and identify opportunities
related to ESG practices, which, in turn, influence
their productivity and innovation capabilities.

In the context of China’s pursuit of high-quality
economic growth, understanding the linkage
between ESG ratings and productivity becomes
particularly  pertinent. The  sustainable

development principles embodied in ESG practices
align closely with the Chinese concept of New
Quality Productive Forces’. Introduced in
September 2023 and reaffirmed in subsequent poli-
tical sessions,' this concept emphasizes productiv-
ity advancements rooted in high technology,
efficiency, and quality, with a focus on sustainable
growth and reduced reliance on resource-intensive
practices.” Accordingly, we examine ESG ratings
within the Chinese economic context and explore
the associated theoretical implications of ‘New
Quality Productive Forces’.

On another note, the theoretical richness of
‘New Quality Productive Forces’ motivates us to
identify core indicators and investigate the
mechanisms through which ESG ratings influence
them. Progression in this area requires new princi-
ples that enhance resource allocation and total fac-
tor productivity (TFP). Given that green
innovation underpins high-quality growth, we
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adopt an integrated perspective of efficiency and
innovation, focusing on TFP and green innovation
as key components.

The body of literature on ESG ratings is rapidly
evolving, offering diverse perspectives on their eco-
nomic impact. One domain of research suggests
ESG ratings improve corporate performance by
enhancing valuation (Bofinger, Heyden, and Rock
2022; Huang 2022), reducing leverage ratios
(Asimakopoulos, Asimakopoulos, and Li 2023),
lowering equity capital costs (Y. Li et al. 2024),
easing financial constraints (Guo et al. 2024), and
managing earnings more effectively (Mao, Wang,
and Lin 2024), subsequently reducing overall
financial costs (Dimson, Karakas, and Li 2015)
and improving corporate financial performance
(Flammer 2015; Huang 2021). Improved ESG rat-
ings are linked to heightened productivity (X. Yu
and Chen 2024), increased capital inflows (Pastor,
Stambaugh, and Taylor 2021), and strengthened
stakeholder trust, enhancing long-term stability
(Lins, Servaes, and Tamayo 2017).

Research further examines ESG ratings’ impact
on corporate investment. Positive ESG ratings are
associated with improved investment returns
(Gehricke, Ruan, and Zhang 2024), investment
efficiency (Benlemlih and Bitar 2018), anticipated
profitability (Cui and Li 2024), and overall firm
value (Ghoul, Guedhami, and Kim 2017). ESG rat-
ings also influence outward foreign direct invest-
ment (Xie and Lyu 2022). However, studies
indicate a negative correlation between high social
performance scores and stock returns in the UK
market (Brammer, Brooks, and Pavelin 2006).

The role of ESG ratings in fostering corporate
innovation is well-documented, suggesting that
regulatory demands for environmental sustainabil-
ity propel firms to innovate, moving away from
high-pollution, high-energy consumption produc-
tion modalities. Evidence indicates robust ESG rat-
ings facilitate corporate innovation by relieving
financing constraints, enhancing employee innova-
tion efficiency, and encouraging corporate risk-
taking (Fang and Hu 2023).

Findings on the relationship between ESG rat-
ings and green innovation are mixed. Some studies
reveal a positive linear correlation between ESG
ratings and green innovation (J. Hu, Yu, and Han
2023), while others examine their impact on both

the quantity and quality of green innovation (H.
Zhang, Lai, and Jie 2024). Spillover effects are also
notable: improvements in downstream ESG ratings
significantly motivate midstream firms to engage
in green innovation (Yan, Cheng, and Wang 2024),
and core firms’ ESG ratings influence green inno-
vation across industry players (J. Li, Lian, and Xu
2023). Some research suggests a U-shaped relation-
ship in heavily polluting sectors (H. Li et al. 2022).
Conversely, U.S. studies indicate that oil, gas, and
energy firms - generally with lower ESG ratings
and often excluded from ESG investments - are
leading green patent innovators (Cohen, Gurun,
and Nguyen 2020).

One strand of literature explores the relationship
between ESG ratings and greenwashing. Some
research has shown that discrepancies in ESG rat-
ings might elevate greenwashing risks due to
inconsistent assessments weakening external
accountability (X. Hu et al. 2023). Other studies
suggest that ESG ratings can effectively mitigate the
risk of corporate greenwashing by reinforcing trust
in sustainability disclosures (De Meyst, Cardinaels,
and Van den Abbeele 2024; Ghitti, Gianfrate, and
Palma 2024; W. Xu et al. 2025).

Despite advances in ESG research, there remains
a gap in empirical studies examining the impact of
ESG ratings in emerging markets. This article aims
to address this gap through an empirical investiga-
tion in the Chinese context, employing the concept
of ‘New Quality Productive Forces” and focusing on
TFP and green innovation as key dimensions to
form a dual-dependent variable framework.

Our research design proceeds as follows: First,
we identify two key dimensions - efficiency-driven
and innovation-driven perspectives — relevant to
‘New Quality Productive Forces’ in China and
incorporate them into a comprehensive empirical
framework. Second, we apply a two-way fixed
effects model to assess the impact of ESG ratings
on these dimensions. We further conduct robust-
ness checks to ensure the reliability of our results.
Third, to mitigate endogeneity concerns, we utilize
an instrumental variable within a two-stage least
squares (2SLS) approach. Fourth, we develop two
mediating models to examine the roles of financing
constraints and principal-agent problems, as well
as the moderating influence of media attention in
the ESG ratings — ‘New Quality Productive Forces’



relationship. Finally, we analyse how ESG ratings
influence greenwashing behaviours and conduct
heterogeneity tests to explore the effects across
regional policy environments, industries, and firm
characteristics.

Our study makes several contributions to the
literature. First, it extends ESG research to the
Chinese context by analysing its effects on ‘New
Quality Productive Forces’ from efficiency-driven
and innovation-driven perspectives, using TFP and
green innovation as proxies. This enriches the the-
oretical understanding of ESG ratings’ role in pro-
moting productivity and innovation. Second, to
ensure robustness amidst divergent views, we
employ alternative measures of TFP and green
innovation, confirming that ESG ratings positively
influence both, particularly in terms of quantity
and quality of green innovation. Third, we examine
ESG ratings’ impact on corporate greenwashing,
finding that higher ESG ratings effectively reduce
such behaviours. Fourth, our analysis explores
mediating and moderating factors, revealing how
ESG ratings serve as an information channel shap-
ing corporate image and how media attention
interacts with ESG ratings. Finally, heterogeneity
analyses demonstrate how policy environments,
industry sectors, and firm characteristics influence
the ESG ratings-productivity-innovation relation-
ship, enhancing the practical relevance of our
findings.

The remainder of this article is organized as
follows: Section II develops the research hypoth-
eses. Section IIT discusses ESG ratings, TFP, and
green innovation among Chinese listed firms.
Section IV details the methodology, variables, and
data. Section V presents baseline results and
robustness checks. Section VI explores mechan-
isms, while Section VII offers further analyses.
Section VIII concludes.

Il. Research hypotheses

This study focuses on TFP and green innovation
within China’s ‘New Quality Productive Forces’,
a paradigm involving efficiency-driven growth —
shifting from input-based to efficiency-based mod-
els — and green innovation to integrate low-carbon
attributes, fostering sustainable economic growth
(Han, Zhang, and Zhao 2024; W. Liu 2024).
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ESG ratings and TFP

TFP is regarded as a key measure of overall firm
efficiency and productivity. Existing literature
associates higher ESG ratings with improved TFP,
highlighting the role of sustainable practices in
firm’s operations.

First, ESG ratings alleviate financing constraints
by signalling social responsibility, enhancing repu-
tation, and facilitating access to resources, subsi-
dies, and tax incentives (Eliwa, Aboud, and Saleh
2019; X. Yu and Chen 2024). Financing constraints
hinder productivity growth, with constrained firms
typically showing lower productivity (Caggese
2019; Levine and Warusawitharana 2021). Thus,
ESG ratings help reduce financing constraints,
thereby improving TFP.

Second, ESG ratings mitigate principal-agent
problems, thereby boosting TFP. The first argu-
ment pertains to reducing information asymme-
try. The ESG ratings lower stakeholders’ data
access costs and increase transparency, helping
shareholders understand financial and opera-
tional conditions and easing conflicts with man-
agers (J. Hu, Yu, and Han 2023). The second
argument focuses on strengthening oversight by
improving monitoring of managerial actions (H.
Li et al. 2022). The third argument involves cor-
recting managerial myopia. ESG ratings incenti-
vize managers to adopt a long-term view,
aligning their interests with firm value and redu-
cing short-sightedness (X. Yu and Chen 2024).
By addressing agency issues, ESG ratings enhance
efficiency and productivity (Biggerstaff, Cicero,
and Puckett 2017), encouraging managers to
prioritize sustainable development and long-
term improvements in TFP.

Based on these discussions, we propose the fol-
lowing hypothesis:

H1: ESG ratings positively affect corporate TFP.

ESG ratings and green innovation

Recently, ESG-focused sustainable development
has gained attention from governments, the public,
and markets, transforming corporate green
innovation.
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First, ESG ratings helps firms secure financing
for green innovation, which requires substantial
resources over extended periods. ESG ratings
reduce credit risks and build trust with financial
institutions, enabling better support, especially for
green projects. Firms with high ESG ratings signal
sustainable growth potential, boosting investor
confidence and attracting additional capital. This
increased investor interest supports green innova-
tion and the sustainable growth of firms (J. Hu, Yu,
and Han 2023).

Second, ESG ratings exert external pressure,
prompting governments and the public to encou-
rage green transformations. Regulatory pressures
and societal monitoring push firms to adopt
green technologies, reduce pollution, and prioritize
green innovation (H. Li et al. 2022).

Based on these discussions, we propose the fol-
lowing research hypothesis:

H2.1: ESG ratings positively affect corporate green
innovation.

Furthermore, ESG ratings serve as external con-
straints that mitigate greenwashing risks. Studies
show that ESG ratings reduce greenwashing by
promoting demand for rating management and
addressing principal-agent conflicts. Furthermore,
the spillover effects occur as high ESG ratings
reduce greenwashing risks not only within the
rated firm but also among its peers within the
same industry and region (W. Xu et al. 2025).
Public oversight further curbs greenwashing, as
stakeholder pressure discourages misleading

practices (E. P. Y. Yu, Van Luu, and Chen 2020).
Additionally, high ESG ratings enable firms to
access policy incentives such as green finance
(Fang and Hu 2023) and government subsidies,
providing low-cost funding that alleviates financial
barriers to green innovation.

Based on these discussions, we propose the fol-
lowing research hypothesis:

H2.2: ESG ratings negatively affect corporate
greenwashing.

Following the above arguments, we present the
following Figure 1 as the conceptual framework of
our study.

lll. Stylized facts

ESG practices are rapidly evolving in China and are
receiving increasing attention. An increasing num-
ber of third-party organizations have started to
assess and rate the ESG performance of firms.
Figure 2 shows the total number of Chinese listed
firms, the number of those with ESG ratings, and
the proportion of ESG-rated firms from 2009 to
2023. We observe that the proportion of ESG-rated
firms remains consistently high throughout the
sample period, indicating that the coverage of
ESG ratings closely tracks the growth in the num-
ber of listed firms.

Figure 3 compares ESG ratings in 2009 and
2023, revealing notable shifts. In 2009, about 80%
of ratings clustered between 3-4 and 4-5, with
some lower ratings still present. By 2023, higher

Mediating mechanisms

7

ESG Ratings

+— Financial constraints

problems

Principal-agent

Efficiency-driven
perspective: TFP

New Quality
Productive Forces

>

RV

Media attention

Moderating effect

Figure 1. Conceptual framework.

Innovation-driven
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Figure 2. Coverage of ESG ratings for Chinese A-share listed firms. Source: https://www.chindices.com/esg-data.html.
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Figure 3. Distribution of ESG ratings for Chinese A-share listed firms. Source: https://www.chindices.com/esg-data.html.

ratings became predominant, with over 50% in the
4-5 range and more than 20% in 5-6. Lower rat-
ings (1-3) have nearly disappeared. This trend
indicates an overall improvement in ESG ratings
in China, with reduced variability and
a concentration around higher ratings.

Figure 4 depicts the average TFP of Chinese listed
firms from 2009 to 2023. TFP steadily increased
from 7.98 in 2009 to 8.50 in 2018, then plateaued
between 2018 and 2021. A slight decline to 8.42

occurred from 2021 to 2023, likely due to COVID-
19’s economic impact. Despite this, the overall trend
remains upward, reflecting underlying growth.

Figure 5 shows the proportion of green patent
applications among total patents for Chinese listed
firms from 2009 to 2023. The trend indicates
a significant rise in green innovation, especially
after the 2020 implementation of the ‘dual carbon
goals’, which has incentivized firms to focus on
green innovation.
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Figure 4. Trend in average TFP of Chinese A-share listed firms.
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Figure 5. Proportion of green patent applications among Chinese A-share listed firms.

Figure 6 shows a positive linear relationship
between ESG ratings and both TFP and green patents
among Chinese listed firms. Notably, the ESG rat-
ings-green patents plot has a slightly steeper trend
line, indicating that ESG ratings have a marginally
stronger impact on green innovation than on TFP.

IV. Empirical strategy
Model design and variable description

This article focuses on both efficiency-driven and
innovation-driven corporate development in the

Chinese context. Specifically, TFP is utilized as
a proxy variable for the efficiency (Balk 2010;
Dvoulety and Blazkova 2021). Following the previous
literature, we employ the Olley-Pakes (OP) method
and Levinsohn-Petrin (LP) method to calculate TFP.
The OP method addresses the simultaneity bias in
production function estimation by employing the
corporate investment as a proxy for the unobserved
productivity (Olley and Pakes 1996). The LP method
utilizes intermediate inputs as the proxy for the unob-
served productivity to mitigate the endogeneity pro-
blem and minimize sample loss when estimating the
production function (Levinsohn and Petrin 2003).
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Green patent (GP) applications (see Appendix A) are
utilized as a proxy variable for green innovation
(Kim, Pantzalis, and Zhang 2021; Xiang, Liu, and
Yang 2022).

We utilize TFP and GP as two dependent vari-
ables and construct the following baseline models.

TFP; = B, + B,ESGi + B,Controlsy + p, + A + & (1)

GPi; = 35 + B,ESGit + BsControlsi + y; + A¢ + €3t (2)

In Equations (1) and (2), i represents the sample
firm, and ¢ denotes the year. ESG serves as the pri-
mary explanatory variable, reflecting the firm’s ESG
ratings. As shown in Table 1, the ESG rating is
assigned on a scale from 1 to 9, corresponding to
grades C, CC, CCC, B, BB, BBB, A, AA, and AAA,
where higher scores indicate superior ESG perfor-
mance (J. Li, Lian, and Xu 2023; H. Zhang, Lai, and
Jie 2024). The ESG ratings are provided by Sino-
Securities Index Information Service (Shanghai) Co.
Ltd (see Appendix B).

Additionally, we include control variables that
reflect firm-specific characteristics. The control
variables are as follows:

Firm characteristics (Size and ListAge)

The size and listing age of a firm significantly
influence its TFP and green innovation, with larger
tirms typically exhibiting higher levels in both
areas. Firm age, as an indicator of maturity, may
influence both TFP and green innovation by allow-
ing for the accumulation of research and develop-
ment (R&D) experience over time (J. Hu, Yu, and
Han 2023; J. Liu and Xiao 2022; J. Xu and Cui
2020). Therefore, we include Size and ListAge as
control variables to account for these effects.

Table 1. Correspondence between ESG ratings and ESG scores.
ESG Rating Level ESG Rating Value Adjusted ESG Score

AAA 9 score > 95

AA 8 90 < score < 95
A 7 85 < score < 90
BBB 6 80 < score < 85
BB 5 75 < score < 80
B 4 70 < score < 75
CCC 3 65 < score < 70
CcC 2 60 < score < 65
C 1 score < 60

Financial performance (ROA, Lev, and Cashratio)

As key financial factors, a firm’s Return on Assets
(ROA), debt level, and cash holdings reflect its
profitability and value creation, creditworthiness
and access to external financing, and cash flow
status, respectively — all of which influence TFP
and green innovation (J. Liu, Liu, and Chao 2024;
J. Liu and Xiao 2022; X. Yu and Chen 2024).
Accordingly, ROA, Lev, and Cashratio are included
as control variables in the analysis.

Firm governance structure (Top1)
The governance structure of a firm significantly
influences TFP and green innovation (X. Yu and
Chen 2024). Thus, we include ownership concen-
tration (Topl) as a control variable to reflect the
corporate governance structure.

External variable (Subsidy)
Existing research indicates that government subsi-
dies, as financial incentives provided to firms, affect
TFP and green innovation (Y. Wang and Li 2023).
Therefore, we include government subsidies
(Subsidy) as a control variable.

Besides, y; and A; denote the fixed effects of the
firm and year, respectively. ¢, represents the
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Table 2. Variable measurements.

Table 3. Summary statistics for main variables.

Type Variable Definition
Dependent TFP_OP Total factor productivity calculated by the
variables OP method
TFP_LP Total factor productivity calculated by the
LP method
GP Natural logarithm of (1+number of green

patent applications)
Independent  ESG Sino-Securities ESG Rating Index

variable

Control Size Natural logarithm of number of employees
variables ListAge Natural logarithm of (current year - year of
listing + 1)
ROA Ratio of net income to total assets
Lev Ratio of total liabilities to total assets
Cashratio  Ratio of cash holdings to total assets
Top1 Shareholding ratio of the largest
shareholder
Subsidy Natural logarithm of the amount of

government subsidies

random disturbance term. The variable measure-
ments are shown in Table 2.

Data and sample construction

In this article, the data used to calculate TFP are
derived from China Stock Market and Accounting
Research (CSMAR) database. Data on GP and ESG
are obtained from the Chinese Research Data
Services (CNRDS) and WIND databases, respec-
tively. Control variables are also sourced from the
CSMAR database. Our dataset is composed of non-
financial firms that are publicly listed and traded
on the Shanghai, Shenzhen, or Beijing Stock
Exchanges. We specifically chose listed firms as
our sample due to their comprehensive and reliable
ESG information. To ensure the sample is unaf-
fected by events related to the global financial crisis
in 2008, we selected 2009 as the initial year for our
sample period. Additionally, we excluded observa-
tions with missing data or those classified as ‘spe-
cial treatment’ (ST) from the sample (see Appendix
C). To address issues pertaining to outliers, we also
winsorized certain variables at the 1st and 99th
percentiles. After these steps, we obtained a panel
dataset comprising 34,384 firm-year observations
for the period from 2009 to 2023.

Table 3 presents detailed descriptive statistics for
the main variables. The variable TFP_OP has
a mean of 7.417 and a standard deviation of
0.902, indicating moderate variability across obser-
vations. The variable TFP_LP exhibits a higher
mean of 8.441 and slightly greater dispersion,

(M 2 (3) 4 (5
Standard

Variables Observations Mean  deviation ~ Minimum Maximum
TFP_OP 34,384 7417 0.902 5.686 10.090
TFP_LP 34,384 8.441 1.042 6.194 11.449
GP 34,384 0.468 0.900 0 7.062
ESG 34,384 4.210 0.779 1 7.750
Size 34,384 7.669 1.211 5.088 11.193
ListAge 34,384 1.900 0.917 0 3.526
ROA 34,384 0.043 0.056 —-0.191 0.211
Lev 34,384 0.391 0.193 0.048 0.832
Cashratio 34,384 0.176 0.134 0.013 0.653
Top1 34,384 0.341 0.148 0.085 0.751
Subsidy 34,384 16.324 1.460 12.249 20.136

with a standard deviation of 1.042. Moreover, the
variable GP has a mean of 0.468, indicating that the
green innovation level of the sample firms is rela-
tively low. Its values range from 0 to 7.062, with
a standard deviation of 0.911, indicating consider-
able variation in green innovation among sample
firms. Finally, the variable ESG has a mean of 4.210
and a standard deviation of 0.779, suggesting nota-
ble variation in firms’ ESG ratings.

V. Baseline results
Baseline regressions

Table 4 reports the results of the baseline regressions.
Columns (1) and (2) show the impact of ESG ratings
on TFP, while column (3) presents the effect of ESG
ratings on green innovation. The regression coeffi-
cients are all significantly positive at the 1% level,
indicating that ESG ratings significantly enhance cor-
porate TFP and green innovation, thereby promoting
efficiency-driven and innovation-driven develop-
ment at the firm level. Notably, a comparison of the
results reveals that ESG ratings have a more pro-
nounced positive influence on green innovation.

In the examination of control variables, the coeffi-
cients of the ROA and Subsidy variables are signifi-
cantly positive in both regressions of TFP and green
innovation, indicating that firms with higher asset
efficiency and stronger government support tend to
exhibit higher levels of TFP and green innovation.

Robustness tests

Replacement of dependent variables
Columns (1) and (2) of Table 5 shows the regres-
sion results after replacing the dependent variable



Table 4. Baseline regression results.
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Table 5. Robustness test: replacement of dependent variables.

(1) ) (3) m ) 3) (4)
VARIABLES TFP_OP TFP_LP GP VARIABLES TFP_ACF  TFP_GMM  GP_grants  GP_citations
ESG 0.022%** 0.019%** 0.030*** ESG 0.022%**  0.017%** 0.027%** 0.027%**
(0.005) (0.005) (0.008) (0.005) (0.005) (0.007) (0.008)
Size 0.028 0.344*** 0.059*** Controls Yes Yes Yes Yes
(0.019) (0.017) (0.013) Observations 34,384 34,384 34,384 34,384
ListAge 0.075%** 0.014 0.007 R-squared 0.863 0.840 0.715 0.805
(0.012) (0.012) (0.015) Firm FE Yes Yes Yes Yes
ROA 2.996*** 3.017%** 0.158* Year FE Yes Yes Yes Yes
(0'08*92* (0'09:*)* (0.084) The data in parentheses are robust standard errors for firm-level clustering.
Lev 0.988 0.918 0.004 **% ** and * denote passing significance tests at the levels of 1%, 5%, and
(0.053) (0.054) (0.049) 10%, respectively.
Cashratio 0.162%** 0.2971%** —0.022
(0.041) (0.043) (0.048)
Top1 —0.262** —0.292%** —0.073
0.105) (0.099) (0.085) statistically significant at the 1% level, reinforcing
Subsidy 0.057%** 0.040*** 0.017%** h b f the baseline findi
(0.005) (0.005) (0.005) the robustness of the baseline findings.
Constant 5.577%%* 4,597**%* —0.387***
(0.141) (0.132) (0.132)
Observations 34,384 34,384 34,384 Replacement of explanatory variables
R-squared 001 022 01 We conduct robustness tests by replacing the key
Year FE Yes Yes Yes explanatory variable ESG. It is replaced with ESG

The data in parentheses are robust standard errors for firm-level clustering.
*** ** and * denote passing significance tests at the levels of 1%, 5%, and
10%, respectively.

TFP, as a part of robustness tests. The TFP for firms
is recalculated using the ACF correction method
(TFP_ACF) and generalized method of moments
(TFP_GMM). The ACF correction method
addresses identification issues in estimating vari-
able input coefficients by employing the inverse of
a ‘conditional’ input demand function and accom-
modating labour adjustment costs and dynamic
effects (Ackerberg, Caves, and Frazer 2015).
GMM method jointly estimates all parameters,
addressing endogeneity through instrumental vari-
ables, and provides robust standard error estimates
under serial correlation and heteroskedasticity,

thereby  enhancing  estimation efficiency
(Wooldridge 2009). The results remain consistent
with  the Dbaseline regressions, showing

a significantly positive impact of the ESG ratings
on TFP at the 1% level.

Moreover, since green patent applications
mainly reflect the quantity of green innovation,
we further utilize the number of green patent
grants (GP_grants) and green patent citations
(GP_citations) to assess the quality of green inno-
vation (Dong et al. 2025; Dou et al. 2025). This
enables us to examine whether ESG ratings sub-
stantively contribute to enhancing the quality of
corporate green innovation. As shown in
Columns (3) and (4) of Table 5, the results remain

scores measured on a 100-point scale.Table 6 pre-
sents the regression results, which reaffirm the sig-
nificantly positive impact of ESG ratings on both
corporate TFP and green innovation.

To gain further insights, we utilize the Sino-
Securities sub-ratings to examine the specific
effects of the environmental and social pillars of
ESG ratings on TFP and green innovation, while
including the governance pillar as a control vari-
able. As illustrated in Table 7, both the environ-
mental component (E_score) and the social
component (S_score) have a significantly positive
effect on TFP and green innovation.

Furthermore, we utilize the WIND ESG Ratings
(see Appendix D) as an alternative data source for
assessing corporate ESG performance. Table 8 pre-
sents the regression results using WIND ESG
Ratings (WIND_ESG) as the core explanatory vari-
able, further confirming the significantly positive
impact of ESG ratings on corporate TFP and green
innovation.

Consideration of external shocks

To address potential concerns about external
shocks, we conducted robustness checks by exclud-
ing the impact of the COVID-19 pandemic.
Specifically, we re-estimated our baseline regres-
sions after excluding observations from the pan-
demic-affected years from 2020 to 2022. As shown
in Table 9, the results remain robust. The effects of
ESG ratings on both TFP and green innovation
remain positively significant.
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Table 6. Robustness test: replacement of explanatory variables.

Table 8. Robustness test: alternative data.

m 2 ©)

m 2 @3

VARIABLES TFP_OP TFP_LP GP VARIABLES TFP_OP TFP_LP GP
ESG_score 0.003*** 0.002%** 0.006%** WIND_ESG 0.039*** 0.0371*** 0.032%**
(0.001) (0.001) (0.001) (0.006) (0.006) (0.008)
Controls Yes Yes Yes Controls Yes Yes Yes
Observations 34,172 34,172 34,172 Observations 23,249 23,249 23,649
R-squared 0.901 0.922 0.717 R-squared 0.928 0.941 0.800
Firm FE Yes Yes Yes Firm FE Yes Yes Yes
Year FE Yes Yes Yes Year FE Yes Yes Yes

The data in parentheses are robust standard errors for firm-level clustering.
**x ** and * denote passing significance tests at the levels of 1%, 5%, and
10%, respectively.

Table 7. Robustness test: ESG component variables.

M )] 3) (4) (5) (6)
VARIABLES TFP_OP  TFP_LP GP TFP_OP  TFP_LP GP
E_score 0.002***  0.001**  0.002**
(0.001) (0.001) (0.001)
S_score 0.002***  0.001***  0.002%**
(0.000) (0.000) (0.001)
G_score 0.001* 0.001 0.002***  0.001* 0.001 0.002%**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Controls Yes Yes Yes Yes Yes Yes
Observations 34,172 34,172 34,172 34,172 34,172 34,172
R-squared 0.901 0.922 0.717 0.901 0.922 0.717
Firm FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

The data in parentheses are robust standard errors for firm-level clustering.
*** ** and * denote passing significance tests at the levels of 1%, 5%, and
10%, respectively.

Consideration of lagged effects

Given that green innovation involves longer devel-
opment cycles — such as R&D investments and the
integration of sustainable practices — which inher-
ently take time to mature and fully realize their
benefits, we apply both one-period (LagESG) and
two-period (Lag2ESG) lagged treatments to the
ESG variable to re-examine its effect on corporate
green innovation. As shown in Table 10, after
incorporating these lagged effects, the regression
coefficients of ESG ratings remain positively sig-
nificant. This suggests that the impact of ESG rat-
ings on green innovation tends to be more
prolonged, with effects materializing over multiple
subsequent periods as these ongoing efforts bears
fruit. These findings are consistent with existing
literature (Feng, Ma, and Wu 2025; Wu et al.
2024; H. Zhang, Lai, and Jie 2024).

Consideration of green patent classifications

The GP variable includes applications for both
green utility model patents and green invention
patents. Columns (1) and (2) of Table 11 present
the results when the GP variable is replaced by
applications for green utility model patents

The data in parentheses are robust standard errors for firm-level clustering.
**% ** and * denote passing significance tests at the levels of 1%, 5%, and
10%, respectively.

Table 9. Robustness test results: consideration of external
shocks.

m 2 3)

VARIABLES TFP_OP TFP_LP GP
ESG 0.020%*** 0.014%** 0.030***
(0.005) (0.005) (0.008)
Controls Yes Yes Yes
Observations 22,306 22,306 22,306
R-squared 0.901 0.921 0.712
Firm FE Yes Yes Yes
Year FE Yes Yes Yes

The data in parentheses are robust standard errors for firm-level clustering.
**% ** and * denote passing significance tests at the levels of 1%, 5%, and
10%, respectively.

(Green utility) and green invention patents
(Green invention), respectively (see Appendix E).
The results indicate that the effects of ESG ratings
on applications for both green utility models and
green inventions are significantly positive at the 1%
level, with a stronger effect on green invention
patents.

Endogenous processing

To address the potential endogeneity concerns, we
employ the instrumental variable (IV) approach to
enhance robustness. We use the value of a firm’s
ESG fund holdings as an instrumental variable
(denoted as VESGF). On one hand, as institutional
investors that prioritize ESG practices, ESG funds
not only hold shares but also engage actively in
corporate governance, thereby influencing firm’s
ESG performance and establishing a positive cor-
relation with their ESG ratings (Dyck et al. 2019),
which satisfies the relevance criterion. On the other
hand, the establishment and scale of ESG funds are
determined externally by fund management com-
panies (Xie and Lyu 2022) and are unlikely to
directly affect firm-level TFP or green innovation,
which are primarily driven by internal scientific
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Table 12. Endogenous test results: instrumental variable.

m @)

(1 (2) (3) 4

VARIABLES GP GP VARIABLES ESG  TFP_OP TFP_LP GP
LagESG 0.016** ESG 0.321%**  0.247%** (.312%**
(0.008) (0.060) (0.047)  (0.082)
Lag2ESG 0.015% VESGF 0.273%**
(0.008) (0.002)
Controls Yes Yes Controls Yes Yes Yes Yes
Observations 29,428 25,289 Observations 34,384 34,384 34384 34,384
R-squared 0.732 0.738 R-squared 0.212 0.333 0.008
Firm FE Yes Yes Firm FE Yes Yes Yes Yes
Year FE Yes Yes Year FE Yes Yes Yes Yes
The data in parentheses are robust standard errors for firm-level clustering. Kleibergen-Paap rk LM statistic 1429 1429 14.29
= *x and * denote passing significance tests at the levels of 1%, 5%, and Cragg-Donald Wald F statistic 64496 64496 64496
10%, respectively. Kle;bs‘i;gti?'faap rk Wald 31511 31511 31511
isti

Table 11. Robustness test: consideration of green patent
classifications.

(1 v

VARIABLES Green utility Green invention
ESG 0.020%** 0.024***
(0.006) (0.007)
Controls Yes Yes
Observations 34,384 34,384
R-squared 0.661 0.700
Firm FE Yes Yes
Year FE Yes Yes

The data in parentheses are robust standard errors for firm-level clustering.
*** ** and * denote passing significance tests at the levels of 1%, 5%, and
10%, respectively.

knowledge and engineering expertise (Fang and
Hu 2023). Therefore, the ESG fund holdings fulfill
the exogeneity requirement for our analysis.

Table 12 shows the results of the instrumental
variable tests. The Kleibergen-Paap rk LM sta-
tistics reject the under-identification hypothesis,
while the Cragg-Donald Wald F statistics and
Kleibergen-Paap rk Wald F statistics reject the
weak identification hypothesis. These findings
indicate the validity and reliability of the instru-
mental variable. Even when considering the
endogeneity issue, the coefficients of ESG vari-
able remain significantly positive.

VI. Mechanism analyses
Mediating mechanisms

In this section, drawing upon Wen and Ye
(2014), we further explore the mechanisms
through which ESG ratings affect corporate
TFP and green innovation by constructing the
mediation effect model (see Appendix F).

The data in parentheses are robust standard errors for firm-level clustering.
**% ** and * denote passing significance tests at the levels of 1%, 5%, and
10%, respectively.

Financing constraints

Financing constraints are a critical factor affecting
corporate performance. To boost production effi-
ciency and innovation capabilities, firms need sub-
stantial capital investments and access to external
financing. However, information asymmetry signifi-
cantly hinders the acquisition of such financing. This
section explores whether financing constraints serve
as a mechanism through which ESG ratings affect
TFP and green innovation.

Building on the research conducted by Hadlock
and Pierce (2010), we utilize the SA index to mea-
sure financing constraints, with the SA index cal-
culated using Equation (3). The variable Size is
consistent with the previous definition, while Age
represents the years of establishment of the firm.

SA = —0.737 x Size + 0.043 x Size* — 0.040
X Age 3)

Table 13 reports the regression results for the
financing constraint mechanism tests. Column (1)
shows the regression of the absolute value of the SA
index on ESG, suggesting that ESG ratings help
alleviate financing constraints faced by firms.
Furthermore, the estimation results in Columns
(2) to (4) provide evidence of a partial mediation
effect related to firms’ financing constraints. These
findings confirm that ESG ratings can ease firms’
financing constraints and thus promoting their
TFP and green innovation.
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Table 13. Mediating mechanism results: easing financial
constraints.

Table 14. Mediating mechanism results: mitigating principal-
agent problems.

(M 2 @) 4) m ) 3) 4)
VARIABLES SA TFP_OP TFP_LP GP VARIABLES Agencycost TFP_OP TFP_LP GP
SA —0.870*** —0.608*** —0.726*** Agencycost —4,513%** —4,539%** -0.261*
(0.158) (0.153) (0.152) (0.149) (0.145) (0.141)
ESG —0.004*** 0.019%** 0.017*** 0.027*** ESG —0.003*** 0.007 0.004 0.029***
(0.001) (0.005) (0.005) (0.008) (0.001) (0.005) (0.005) (0.008)
Controls Yes Yes Yes Yes Controls Yes Yes Yes Yes
Observations 34,376 34,376 34,376 34,376 Observations 34,384 34,384 34,384 34,384
R-squared 0.984 0.902 0.922 0.717 R-squared 0.761 0.923 0.939 0.716
Firm FE Yes Yes Yes Yes Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Year FE Yes Yes Yes Yes

The data in parentheses are robust standard errors for firm-level clustering.
*** ** and * denote passing significance tests at the levels of 1%, 5%, and
10%, respectively.

Principal-agent problems

The separation of ownership and control within
firms leads to principal-agent problems, resulting in
divergent interests and goals between owners and
managers. This often gives rise to agency conflicts
and associated agency costs (Jensen and Meckling
1976), which negatively affect corporate manage-
ment and strategic decision-making. Specifically,
firm managers may prioritize short-term perfor-
mance and their personal interests, often overlook-
ing high-risk investments that could enhance the
firm’s long-term value (He and Tian 2013).

In this section, we investigate whether ESG rat-
ings can mitigate principal-agent problems and
thereby promote TFP and green innovation within
firms. Building on the research by X. Yu and Chen
(2024), we utilize the ratio of management
expenses to operating income as an indicator of
the extent of agency costs (Agencycost), reflecting
potential conflicts of interest between shareholders
and executives.

Table 14 shows the regression results for the
principal-agent mechanism tests. Higher ESG rat-
ings are associated with lower agency costs, while
lower agency costs are positively linked to higher
TFP and green innovation. This pattern supports
the idea that reducing agency costs through better
ESG performance can promote corporate TFP and
green innovation.

Moderating effect

Media attention

Media serves as a pivotal channel between the
public and firms, playing a crucial role in
attracting public attention, influencing public

The data in parentheses are robust standard errors for firm-level clustering.
**% ** and * denote passing significance tests at the levels of 1%, 5%, and
10%, respectively.

opinion, and establishing corporate social
image (Miller 2006). Through news reporting,
the media disseminates information and influ-
ences the public’s attention and focus on firm-
specific issues, such as sustainability and green
innovation (Burke 2022). This agenda-setting
role of the media triggers stakeholder percep-
tions and reactions that affect corporate sustain-
able performance (Pollach 2014). Additionally,
the media reduces the information acquisition
costs for stakeholders, enhances transparency,
and fosters increased public oversight (Dyck
and Zingales 2004). For the public, media cover-
age provides an alternative source for obtaining
information about firms, supplementing the
proactive disclosures made by those firms (Y.
Liu et al. 2023).

Both media coverage and ESG ratings function
as informal institutional mechanisms that
enhance transparency and strengthen public
oversight. This raises an important question: do
ESG ratings and media attention function as
complements or substitutes in promoting TFP
and green innovation? Therefore, in this section,
we examine whether media attention moderates
the impact of ESG ratings on corporate TFP and
green innovation.

Following the methodology of Y. Liu et al.
(2023), we construct the Media variable by employ-
ing the number of news reports on firms — specifi-
cally, the total number of mentions of a firm in
online news headlines and financial articles from
newspapers — as a proxy for media attention. This
data is sourced from the CNRDS database.
Equations (4) and (5) incorporate the interaction
term Media; X ESGj to investigate the moderating



impact of media attention in the positive correla-
tion between the ESG variable and the two depen-
dent variables TFP and GP.

TFPit = oy + 0(1M€diait X ESG,'t + azESGit
+ asMedia;; + ayControls; + p. + Ay + €

4)

GP,'t = a5 + oc6Media,~t X ESGit + OC7ESG,‘t
+ agMedia;; + agControlsy + u, + Ay + €

(5)

Table 15 presents the regression results for
Equations (4) and (5), which evaluate the moderat-
ing effect of media attention. Due to the consider-
able differences in scales between the variables of
Media and ESG, we standardized the individual
variables of ESG and Media to ensure comparability.
The results indicate that the coefficients of the inter-
action term Media; x ESG; are all significantly
positive for both TFP and GP. Specifically, the coef-
ficients of the interaction term Media; X ESG;; can
be interpreted as the expected change in TFP and
GP associated with a one standard deviation
increase in both variables of Media and ESG.

VIl. Further analyses
Greenwashing issue

Greenwashing is a deceptive practice in which
organizations misrepresent their environmental
practices or the ecological benefits through exag-
gerated claims about environmental benefits and

Table 15. Moderating effect results: media attention.

M vl (3)

VARIABLES TFP_OP TFP_LP GP
Media x ESG 0.009%** 0.008*** 0.009*

(0.003) (0.003) (0.005)
ESG 0.015%** 0.013*** 0.022%**

(0.004) (0.004) (0.006)
Media 0.034%** 0.029%** 0.023%**

(0.005) (0.005) (0.008)
Controls Yes Yes Yes
Observations 33,104 33,104 33,104
R-squared 0.902 0.923 0.718
Firm FE Yes Yes Yes
Year FE Yes Yes Yes

The data in parentheses are robust standard errors for firm-level clustering.
*** ** and * denote passing significance tests at the levels of 1%, 5%, and
10%, respectively.
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by overstating overall environmental performance.
Such practices can mislead consumers and inves-
tors, diverting attention and resources away from
genuinely sustainable initiatives.

Building on existing literature (X. Hu et al. 2023),
we quantitatively measure greenwashing (see
Appendix G). Table 16 presents the regression
results of the Greenwashing variable on ESG ratings.
The coefficient for ESG variable is significantly
negative at the 1% level, indicating that higher ESG
ratings tend to mitigate corporate greenwashing.
Firms with high ESG ratings exhibit stronger align-
ment between their environmental claims and actual
practices. These firms are typically subject to stricter
external monitoring, transparency requirements,
and reputational risks, which reduce their inclina-
tion to make false or exaggerated environmental
claims. Moreover, their incentive to protect reputa-
tional capital encourages consistency between stated
commitments and  actual
performance.

environmental

Heterogeneity analyses

Policy environment

The impact of ESG ratings on high-quality and
sustainable development may vary depending on
the regional policy environment. The establish-
ment of pilot free trade zones (PFTZ)® represents
a major strategic initiative in China’s pursuit of
reform and opening-up in the new era. PFTZs
have facilitated the accelerated development of
emerging industries, new business forms, and
innovative models, progressively becoming
demonstrators and leaders of high-quality

Table 16. Greenwashing.

(M V)

VARIABLES Greenwashing Greenwashing
ESG 0.011** —0.014%**

(0.004) (0.004)
Controls No Yes
Observations 34,126 34,126
R-squared 0.001 0.459
Firm FE No Yes
Year FE No Yes

The data in parentheses are robust standard errors for firm-level clustering.
**% ** and * denote passing significance tests at the levels of 1%, 5%, and
10%, respectively.

3The State Council, People’s Republic of China. Expanding Development Space for Chinese Modernization: High-Level Opening-Up Through Pilot Free Trade
Zones and Free Trade Ports. (in Chinese). https://www.gov.cn/yaowen/liebiao/202409/content_6975044.htm.
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development in China and advancing ‘New
Quality Productive Forces’. To examine this, we
divide firms into two subsamples based on their
geographical location: those in provinces with
Pilot Free Trade Zones (the PFTZ-located group;
see Appendix H) and those outside these zones
(non-PFTZ-located group).

As shown in Table 17, the results indicate
a significant difference in the impact of ESG ratings
on TFP and green innovation between the two
groups. Specifically, ESG ratings have a notable
positive effect within the PFTZ-located group.

First, PFTZs have introduced a series of plans
and regulations focused on ecological and environ-
mental protection, making considerable efforts to
implement these measures effectively (C. Zhang
et al. 2024). Moreover, PFTZs facilitate firms in
aligning with international operational and ESG
standards. By expanding market access, PFTZs
attract substantial foreign investment and intro-
duce global investment concepts, assisting local
firms in better adhering to international ESG stan-
dards and further incentivizing their sustainability
improvements (Zeng, Zhang, and Li 2024). Serving
as a pivotal initiative for institutional opening-up,
PFTZs have delivered substantial benefits, creating
an environment conducive to enhancing ESG rat-
ings among local firms.

Second, PFTZs support firms in enhancing pro-
duction efficiency and fostering green innovation.
On one hand, the establishment of PFTZs fosters
an open and dynamic economic environment that
facilitates the frequent mobility of human capital,
facilitating knowledge spillovers that improve
firms’ production efficiency. Additionally, PFTZs

Table 17. Heterogeneity analysis: policy environment.

(1) ) ®3) (4) (5) (6)
VARIABLES TFP_OP TFP_LP GP: Green Utility
non- non- non-
PFTZ PFTZ PFTZ PFTZ PFTZ PFTZ
ESG 0.023*** 0,004 0.020*** 0.000 0.021***  0.002
(0.005) (0.018) (0.005) (0.016) (0.006) (0.013)
Controls Yes Yes Yes Yes Yes Yes
Observations 32,370 2,013 32370 2,013 32370 2,013
R-squared 0.901 0.915 0.922 0.936 0.662 0.625
Firm FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

The data in parentheses are robust standard errors for firm-level clustering.
*** ** and * denote passing significance tests at the levels of 1%, 5%, and
10%, respectively.

promote the liberalization of China’s capital mar-
ket and facilitating the efficient circulation of inter-
national capital, granting firms access to abundant
external financial resources. This supports their
investment in productivity-enhancing activities
and improves their TFP (J. Chen, Yang, and Wu
2024). On the other hand, policy incentives in
PFTZs - such as tax reductions - reduce opera-
tional costs and support long-term R&D in green
technologies. Improved access to green finance
alleviates financial constraints and incentivizes
firms to engage in green innovation and adopt
innovation-driven strategies (Lei and Xie 2024).
Firms operating within these zones benefit from
a more flexible regulatory environment and
increased financial support, which facilitate their
growth and innovation. Specifically, our findings
indicate that PFTZs have a significant promoting
effect on the application of firms’ green utility
patents.

Industry factor intensity
The characteristics of an industry can lead to var-
iations in how ESG ratings influence TFP and
green innovation. Based on the research of Lu
and Dang (2014), industries are divided into three
categories according to their factor intensity:
labour-intensive, capital-intensive, and technol-
ogy-intensive (see Appendix I), in line with the
industry classification by the China Securities
Regulatory Commission (CSRC).

As indicated in Table 18, ESG ratings have
a more significantly positive effect on TFP and
green innovation among firms in technology-
intensive and capital-intensive  industries.
Technology-intensive industries thrive on innova-
tion and prioritize R&D expenditures (Yin, Sheng,
and Li 2018). These sectors require significant tech-
nological resources during production processes to
maintain competitiveness. On the other hand, capi-
tal-intensive industries necessitate substantial capi-
tal investments in production and rely heavily on
advanced equipment and technology (F. Wang and
Li 2005). Companies in these industries typically
face sizable initial investment requirements and
prolonged payback periods.

ESG ratings play a crucial role in both sectors by
alleviating financing constraints and emphasizing
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Table 18. Heterogeneity analysis results: industry factor intensity.

(M ) @3) 4 (5) (6) 7) (8) 9)
VARIABLES TFP_OP TFP_LP GP
Capital- Labour- Capital- Labour-  Technology-  Capital- Labour-
Technology-intensive  intensive  intensive  Technology-intensive  intensive intensive intensive intensive  intensive
ESG 0.057%** 0.030%** 0.013* 0.044** 0.029%** 0.010 0.035* 0.037%** 0.014
(0.022) (0.006) (0.008) (0.022) (0.007) (0.007) (0.018) (0.014) (0.011)
Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 2,232 14,483 13,820 2,232 14,483 13,820 2,232 14,483 13,820
R-squared 0.950 0.932 0.909 0.960 0.947 0.933 0.782 0.752 0.664
Firm FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes

The data in parentheses are robust standard errors for firm-level clustering.
respectively.

Table 19. Heterogeneity analysis: ownership structure.

*** ** and * denote passing significance tests at the levels of 1%, 5%, and 10%,

M (2)

®3) (4) (5) (6)

VARIABLES TFP_OP TFP_LP GP

State- Non-State- State- Non-State- State- Non-State-

owned owned owned owned owned owned
ESG 0.021** 0.029*** 0.017* 0.026*** 0.017 0.032%**

(0.010) (0.006) (0.009) (0.006) (0.015) (0.009)
Controls Yes Yes Yes Yes Yes Yes
Observations 9,991 23,949 9,991 23,949 9,991 23,949
R-squared 0.911 0.902 0.936 0.920 0.767 0.714
Firm FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

The data in parentheses are robust standard errors for firm-level clu
5%, and 10%, respectively.

long-term corporate development. Consequently,
the positive effects of ESG ratings substantially
enhance TFP and foster green innovation within
both capital-intensive and technology-intensive
firms.

Ownership structure

The impact of ESG ratings on TFP and green
innovation may vary depending on ownership
structure, warranting an investigation into its het-
erogeneity. As shown in Table 19, the positive
impact of ESG ratings on TFP is significant for
both state-owned enterprises (SOEs) and non-
state-owned enterprises (non-SOEs). For both
types, better ESG ratings is associated with greater
improvements in TFP. However, the impact of ESG
ratings on green innovation is only statistically
significant within the non-SOEs group.

SOEs often bear broader policy responsibilities
that shape their ESG performance to be primarily
compliance-oriented rather than innovation-
driven. Their environmental actions are typically
guided by top-down mandates rather than market
competition, limiting their proactive engagement

stering. ***, ** and * denote passing significance tests at the levels of 1%,

in green technological advancement. In contrast,
operating in a competitive market environment,
non-SOEs are more motivated to strengthen their
competitiveness through investments in R&D
activities and improvements in ESG performance
(F. Wang 2024). This motivation helps them main-
tain competitiveness by continuously adopting and
applying new green technologies, driving green
transformation, and elevating their level of green
innovation.

Furthermore, the managerial incentives within
SOEs are tightly constrained by their political
responsibilities and operate under specific regu-
latory frameworks, often prioritizing predefined
objectives. SOE managers, typically appointed by
the government, face strong political pressures in
green transition efforts, frequently without cor-
responding financial incentives. This reduces
their motivation and makes them more risk-
averse regarding innovation (R. Liu et al. 2024).
Therefore, SOEs tend to be less responsive to
improvements in ESG performance, and such
improvements are often insufficient to prompt
meaningful adjustments in internal decision-
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making processes (Hussain et al. 2024). Their
bureaucratic structures and slow decision-
making further limit their capacity to prioritize
green innovation, thus hindering their ability to
contribute significantly to low-carbon green
transformation efforts. In contrast, non-SOEs
demonstrate greater flexibility in capital deci-
sion-making and operational management,
enabling them to align their ESG ratings more
effectively with sustainability goals. This flexibil-
ity results in a more significant impact on green
innovation. Additionally, non-SOEs allocate
a larger proportion of their revenues to R&D
investments, enabling them to focus more effec-
tively on green innovation initiatives.

VIIl. Conclusions

This article conceptualizes ‘New Quality
Productive Forces” within the Chinese context by
integrating TFP and green innovation into
a unified framework, enabling a comparative ana-
lysis of ESG ratings from efficiency-driven and
innovation-driven perspectives. Findings show
that ESG ratings significantly enhance both TFP
and green innovation, with a stronger effect on
green innovation. Robustness tests using alterna-
tive indicators confirm that ESG ratings positively
influence TFP and both the quantity and quality of
green innovation.

The positive effects operate through several
mechanisms. Specifically, ESG ratings promote
TFP and green innovation by alleviating financing
constraints and mitigating principal-agent issues.
Additionally, media attention positively moderates
the beneficial impact of ESG ratings on TFP and
green innovation.

Further analysis reveals that higher ESG ratings
substantially limit greenwashing behaviour.
Heterogeneity analyses indicate that ESG ratings’
effectiveness varies by regional policy, industry
sector, ownership structure, and firm characteris-
tics, with more pronounced effects in PFTZs and in
technology- and capital-intensive sectors.

This study contributes both empirically and pol-
icy-wise by demonstrating that high ESG ratings
support firms in achieving ‘New Quality
Productive Forces’. Firms that embrace corporate

social responsibility can enhance their corporate
image, attract stakeholder support, and promote
sustainable development.
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Appendices

Appendix A: Categories of green patent

The CNRDS identifies green patents according to the World Intellectual Property Organization’s (WIPO) standards for green
patents, which relate to Environmentally Sound Technologies (ESTs). ESTs are dispersed across a diverse range of technical fields
within the International Patent Classification (IPC), specifically including seven categories: alternative energy production;
transportation; energy conservation; waste management; agriculture/forestry; administrative, regulatory or design aspects, and
nuclear power generation.

Appendix B: Sino-Securities ESG rating index

The Sino-Securities ESG Rating Index employs a top-down structure, extensively incorporating core international ESG principles
while aligning with China’s information disclosure practices and firm characteristics. This index evaluates three dimensions. The
Environmental (E) dimension includes five themes: climate change, resource utilization, environmental pollution, environmental
friendliness, and environmental management. The Social (S) dimension comprises human capital, product responsibility, supply
chain, social contribution, and data security and privacy. The Governance (G) dimension covers shareholder rights, governance
structure, credit quality, governance risk, external handling, and business ethics.

The ESG Ratings Index assigns scores to the individual indicators within the three dimensions mentioned above. The overall
ESG score is standardized on a 0 to 100 scale, with higher scores indicating better ESG performance. Correspondingly, the index
uses a nine-tier rating scale ranging from ‘AAA to C. As shown in Table 1, each rating level corresponds to a specific score range
within the ESG score spectrum. Enhanced by AI capabilities such as semantic analysis and natural language processing (NLP),
this comprehensive ESG big data platform encompasses almost all A-share listed firms.

Appendix C: Special treatment

‘Special treatment’ firms refer to listed firms that are experiencing financial distress or operational irregularities. Stocks labelled as
‘Special Treatment’ typically indicate underlying financial problems, and investors are advised to exercise caution due to the
associated risks.

Appendix D: Wind ESG rating system

The Wind ESG Rating system comprises two key components: the evaluation of management practices and the assessment of
controversial events. This system evaluates firms by considering the ESG risks and opportunities inherent in their respective
industries, as well as their performance relative to peers. Firms are rated on a scale from AAA to CCC, based on their score range.

Appendix E: Green patent classifications

Green utility model patents relate to modifications or improvements of existing technologies, primarily emphasizing practical
applicability. These patents typically involve enhancements in aspects such as shape, structure, or form, and are generally
considered to require a lower level of inventive step.

In contrast, green invention patents are characterized by a high degree of innovation and technological advancement. They
involve novel technical solutions for products, processes, or their improvements, emphasizing technological novelty and
creativity. These patents reflect a firm’s substantive capabilities in green technological innovation and are usually associated
with a higher level of inventive effort.

Appendix F: Mediation effect model

TFPy = B, + B,ESGi: + B,Controlsyy + p; + A + & Al
GP;; = B, + B,ESGj; + B Controlsyy + p; + A + i A2
Mit = 6() + 91ESG,‘1 + 92Controls,-t + U; + /\t + &ir A3
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TFPy = p, + p,ESGit + ¢, My, + p,Controlsy + p;, + A + & A4

GP;; = py + p,ESGiy + 9, M + p-Controlsy + p; + A + & A5
Equations (A.1) and (A.2) mirror the baseline regression analyses, assessing the total impact of the explanatory variable, ESG
ratings, on the dependent variables TFP and GP, respectively. Equations (A.3), (A.4), and (A.5) introduce the intermediate
variable My, which serves to capture the pathways through which ESG ratings influence TFP and GP.

Initially, we test the significance of the coefficients 8, in Equation (A.1) and 8, in Equation (A.2), which has already been
conducted in our baseline regressions. Following this, we estimate Equation (A.3). If the coefficient 6, is significant, it indicates
a positive correlation between explanatory variable ESG and intermediate variable M;,. Next, we proceed to test Equations (A.4)
and (A.5). If the coefficients p, and ¢, in Equation (A.4) are all significant, along with the coefficients p, and ¢, in Equation (A.5),
this suggests a partial mediation impact of the intermediate variable M;, in the regressions of TFP and GP. In contrast, if
coefficients p, and p, for the connections from ESG ratings to TFP and GP are not significant while coefficients ¢, and ¢, for the
connections from intermediate variable M;; to TFP and GP are significant, this indicates a complete mediation impact of the
intermediate variable M;;.

Appendix G: Steps for measuring greenwashing

First, we conduct a textual analysis of the Management Discussion and Analysis (MD&A) sections in firms’ annual
reports. Specifically, we calculate the frequency of environment-related terms including ‘green’, ‘environmental protec-
tion’, low-carbon’, and ‘environment’. If the frequency for a given firm-year observation exceeds the median level
within the same industry and year, a dummy variable is set to 1, indicating a high level of environmental rhetoric.
Second, actual environmental performance is assessed by identifying whether the firm was subject to environmental
penalties during the same year; if so, a dummy variable is assigned a value of 1. Then, a firm is considered to be
engaging in greenwashing if it employs strong environmental rhetoric while simultaneously facing environmental
penalties in the same year. This suggests that the firm emphasizes environmental claims in its disclosures but fails
to meet corresponding environmental standards in practice. This methodology allows for a systematic and quantifiable
assessment of greenwashing behaviours across firms and industries.

Appendix H: Provinces with PFTZ

Provinces with Pilot Free Trade Zones include Shanghai, Guangdong, Tianjin, Fujian, Liaoning, Zhejiang, Henan, Hubei,
Chonggqing, Sichuan, Shaanxi, Hainan, Shandong, Jiangsu, Guangxi, Hebei, Yunnan, Heilongjiang, Hunan, Anhui, Beijing,
and Xinjiang.

Appendix I: Classifications of industry factor intensity

Labour-intensive industries include agriculture, forestry, animal husbandry, and fishery(A); mining(B); food and beverages(C0);
textiles, clothing, and leather(C1); timber and furniture (C2); electricity, gas, and water production and supply(D); construction-
(E); transportation and storage(F); wholesale and retail trade(H); broadcasting and cultural industries(L); comprehensive
industries(M). Capital-intensive industries include paper and printing(C3); petroleum, chemical, rubber, and plastics(C4); metals
and non-metals(C6); real estate(]); social services(K). Technology-intensive industries include electronics(C5); machinery,
equipment, and instruments(C7); pharmaceuticals and biological products(C8); other manufacturing industries (C9); informa-
tion technology(G).
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