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Abstract. This paper examines the relationship between ESG rating divergence 

and firms' green innovation using a sample of Chinese firms in the heavy-

polluting firms from 2009 to 2022. It is found that ESG rating divergence sig-

nificantly inhibits the level of exploratory green innovation of heavy-polluting 

firms. Mechanism analysis finds that increasing the cost of corporate debt fi-

nancing and decreasing corporate risk-taking are two ways ESG rating diver-

gence inhibits firms' exploratory green innovation. Heterogeneity analysis finds 

that the inhibitory effect of ESG rating divergence on firms' exploratory green 

innovation is more pronounced among firms with high public concern, while 

there is no significant difference among firms with different levels of internal 

control. 

Keywords: ESG rating divergence; heavy-polluting firms; exploratory green 

innovation. 

1 Introduction 

1.1 A Subsection Sample 

With the rapid development of industrialization and urbanization, human activities 

have caused serious damage to the natural environment. Now that China's economy 

has shifted from a phase of rapid growth to a phase of high-quality development, the 

‘dual-carbon’ goal has guided the direction of global green and low-carbon transfor-

mation, and the construction of ecological civilization has taken root in people's 

hearts. The report of the twentieth Party Congress states that it is necessary to actively 

promote green development and strive to realize harmonious coexistence between 

human beings and nature. In this context, enterprises, as major players in the social 

economy, play a key role in practicing the green concept and achieving joint growth 

in economic and environmental benefits. 

Since 2009, major organizations have conducted ESG evaluations of companies to 

more intuitively present their ESG performance to stakeholders, and ESG ratings have 

gradually become an important tool for measuring the non-financial performance of 

companies. However, the complexity and diversity in the field of ESG ratings have  
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led to significant differences in the evaluation of the same enterprise by different rat-
ing agencies[1]. In recent years scholars have also gradually questioned the reliability 
of ESG ratings, and the existence of rating disagreement as noise can interfere with 
investors' decisions[2]. Exploring the economic consequences of ESG rating diver-
gence has become an important part of academic research. Unfortunately, the existing 
research on the economic consequences of ESG rating divergence is mainly focused 
on the study of corporate capital market performance[3-6], and there is little research 
evidence on how the existence of divergence in ESG performance as a reflection of 
corporate sustainability affects corporate sustainability. 

Green innovation constitutes a key strategy for enterprises to move towards a sus-
tainable development path and is essential for China to reach its dual-carbon goals. 
Among them, exploratory green innovation goes beyond existing knowledge and 
technology, focusing on exploring new knowledge, discovering new opportunities, 
and developing new technologies, and is a higher-risk green innovation behavior [7]. 

The opinions of existing studies on the relationship between ESG rating divergence 
and corporate green innovation are not uniform. Some scholars believe that ESG rat-
ing divergence acts as an external pressure to prompt firms to increase the amount of 
green innovation [8]. While others believe that ESG rating divergence inhibits corpo-
rate green innovation [9-10]. Due to different industries having distinct characteris-
tics, the impact of ESG rating divergence with different industries is likely to be dif-
ferent. Heavily polluting enterprises are the main focus of environmental issues, so 
this paper selects heavily polluting enterprises as the research object to explore the 
impact of ESG rating divergence on their green innovation level. 

2 Theoretical Analysis and Research Hypothesis 

This divergence may lead to a reduction in the objectivity and accuracy of the infor-
mation on the attributes contained in the ratings. This situation can deepen the infor-
mation mismatch between firms and providers of finance, leading to a more cautious 
investment attitude on the part of providers of finance. This shift in attitude, in turn, 
can exacerbate the limitations and constraints faced by firms in the financing process 
and be reflected in lower levels of green innovation by firms. 

On the other hand, when it is difficult for various stakeholders to accurately identi-
fy trustworthy and investment-worthy enterprises, investors in the capital market may 
make erroneous investment decisions based on inaccurate information. This situation 
can lead to a decline in the investment efficiency of the capital market and a weaken-
ing of the profitability of the enterprise, which in turn reduces the enterprise's ability 
to bear risks. According to the threat rigidity theory, when enterprises face internal 
and external threats, managers prefer existing and sound decisions, so the level of 
risky green innovation will be reduced as a result. 

Green innovation activities of enterprises can be divided into two categories: utili-
tarian green innovation and exploratory green innovation. Leveraging green innova-
tion focuses on expanding the capabilities of existing technologies and iteratively 
upgrading existing baseline knowledge to reduce uncertainty. In contrast, exploratory 
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green innovation is more long-term orientated, exploring areas of high uncertainty 
and searching for new technological knowledge and market applications. Compared 
with utilization-based green innovation, exploratory green innovation is more risk-
elastic. Therefore, the following hypotheses are proposed in this paper: 

H1: When all else is equal, the greater the degree of corporate ESG rating diver-
gence, the lower its level of exploratory green innovation. 

H2: Corporate ESG rating divergence increases corporate debt financing costs, 
which in turn inhibits corporate exploratory green innovation. 

H3: Corporate ESG rating divergence reduces the level of corporate risk-taking, 
which in turn inhibits corporate exploratory green innovation. 

3 Research Design 

3.1 Sample Selection and Data Sources 

Heavy-polluting firms are one of the main sources of environmental pollution, and 
their green innovation has a stronger urgency, therefore, this paper takes heavily pol-
luting enterprises as the research object. Considering the availability of data, the time 
interval of green innovation data in this paper is 2010-2023, and the sample interval 
of ESG rating divergence data is 2009-2022. This paper treats all the samples as fol-
lows: (1) Excluding ST, *ST enterprises and financial industry samples. (2) Excluding 
samples with more missing data. (3) Shrinking the tail at 1% and 99% levels for all 
continuous variables. Finally, 7,889 valid observation samples were obtained. The 
green patent data from the China Data Service Platform (CNRDS), and other firm-
level data from the CSMAR. 

3.2 Models and Variables 

To test hypothesis H1, the following model is constructed in this paper. 

  ti,432ti,101ti, uFirmaYearaContorlsaESGdisaaEGI +++++==+  (1) 

Where the explanatory variable EGI is the exploratory green innovation level. In 
this paper, we refer to Ren Baoquan (2024) and use the natural logarithm of the num-
ber of green invention patent applications to measure enterprises' exploratory green 
innovation level [11]. Considering that green innovation has a certain lag, this paper 
selects the green innovation data of the lagged period to substitute into the model. The 
explanatory variable ESGdis is the ESG rating divergence. We select six rating agen-
cies, namely Sino-Securities Index, WIND, Syntao Green Finance, Ausallwave, FTSE 
Russell, and MSCI, convert their ratings into corresponding scores, and calculate their 
standard deviations and extreme deviations. The specific steps are as follows: (1) 
Sino-Securities Index, WIND, Ausallwave, and MSCI are divided into 9 grades, from 
low to high as C to AAA. Each of the 9 levels is assigned a value from 1 to 9. (2) 
Syntao Green Finance ESG is divided into 10 grades, from low to high as D to A+. 
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Each of the 10 levels is assigned a value from 0 to 9. (3) FTSE Russell ESG ratings 
are assigned a specific score of 250%. (4) Calculate the standard deviation and ex-
treme deviation of the above 6 institutional scores, defined as ESGdis and ESGrange, 
respectively. This paper also considers year and firm fixed effects. Please see Table 1 
for specific variable definitions and control variables: 

Table 1. List of variable descriptions. 

Variable Variable measurement 

EGI Natural logarithm of the total number of patent applications for green 
inventions filed by enterprises + 1 

ESGdis The standard deviation of 6 types of rating agencies 

Cost (interest expense + fee expense + other finance costs) / total debt at the end 
of the period 

Risk the standard deviation of annual-adjusted ROA from year t to t+2 
ESGrange The range of 6 types of rating agencies 
Size The natural logarithm of total assets + 1 
Age The natural logarithm of the year of listing + 1 
Lev The ratio of total liabilities to total assets 
Roa The ratio of net profit to total assets 

Growth Difference between the current and prior period's operating income over 
the prior period's operating income 

Top1 The shareholding ratio of the largest shareholder 
Soe 1 for state-owned enterprises, 0 for non-state-owned 
Board Number of Board of Directors 

4 Results and Discussion 

4.1 Benchmark results 

The results of the benchmark regression are presented in Table 2. 

Table 2.  Benchmark regression results 

 EGI EGI 
ESGdis -0.0444*** -0.0425*** 
 (-4.17) (-3.95) 
_cons 0.2050*** -0.0247 
 (31.25) (-0.08) 
Control variables NO YES 
Firm/Year fe YES YES 
N 7886 7886 
adj. R2 0.568 0.569 

t statistics in parentheses    * p < 0.1, ** p < 0.05, *** p < 0.01 
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The correlation coefficient between ESG rating divergence and firms' exploratory 
green innovation is -0.0425 and significant at the 1% level. This indicates that ESG 
rating divergence inhibits firms' exploratory green innovation and the hypothesis of 
this paper is valid. 

4.2 Robustness Tests 

4.2.1 PSM Method 
This paper applies the propensity score matching (PSM) method to deal with the 

omitted variable problem. In this paper, the samples are divided into two parts accord-
ing to the median of ESGdis, and the samples higher than the median of ESGdis are 
set as the treatment group, while the other part is used as the control group. In addi-
tion, this paper selects the control variable as the characteristic variable and uses the 
PSM method for regression. The results are shown in Table 3, the regression results 
are still significantly negative and the conclusions of this paper are robust. 

4.2.2 Substitution of Explanatory Variables 
This paper selects the range of ESG scores as a proxy for the explanatory variables. 

As shown in Table 3, the regression results in the previous section are consistent. 

Table 3.  PSM regression results and ESGrange regression results 

 
 

PSM 
EGI 

ESGrange 
EGI 

ESGdis 
 

-0.0231* 
(-1.66) 

 
 

ESGrange  -0.0152** 
  (-2.56) 
_cons 0.0730 -0.0214 
 (0.21) (-0.07) 
Control variables YES YES 
Firm/ Year fe YES YES 
N 4755 7886 
adj. R2 0.549 0.568 

t statistics in parentheses    * p < 0.1, ** p < 0.05, *** p < 0.01 

4.2.3 Instrumental Variable Approach 
To alleviate the endogeneity problem of mutual causality, this paper selects the in-

dustry's annual means of ESG rating divergence as instrumental variables to validate 
the findings. Its industry annual mean is correlated with ESG rating divergence but is 
not directly affected by internal company characteristics, satisfying the correlation 
and exogeneity requirements for instrumental variables. Table 4 presents the results of 
the two-stage instrumental variables regression. It can be seen that the results of this 
paper are robust. 



  (3.63)  (-1.99)  

    (2.00) 
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Table 4.  Results of two-stage regression 

  first stage second stage 
VARIABLES 
IV：meanESGdis 
  

ESGdis 
1.0675*** 

(0.030) 

EGI 
 
 

ESGdif 
  

 
 

-0.0752*** 
(-3.10) 

_cons 
  

-3.9804*** 
(0.145) 

-2.4690*** 
(-16.22) 

Control variables YES YES 
Firm/ Year fe YES YES 
N 7886 7886 
R-squared 0.220 0.076 

t statistics in parentheses    * p < 0.1, ** p < 0.05, *** p < 0.01 

4.3 Analysis of the Mechanism 

This paper argues that increasing the cost of corporate debt financing and decreasing 
corporate risk-taking are two ways ESG rating divergence inhibits firms' exploratory 
green innovation. The results are shown in Table 5. Column (1) shows that ESG rat-
ing divergence is significantly and positively associated with the cost of debt financ-
ing at the 1% level, and column (3) shows that ESG rating divergence is significantly 
and negatively associated with corporate risk-taking at the 5% level. Columns (2) and 
(4), present the correlation between the cost of debt financing and the level of risk-
taking with firms' exploratory green innovation. In summary, the results show that 
ESG rating divergence inhibits firms' exploratory green innovation by increasing the 
cost of corporate debt financing and decreasing corporate risk-taking. 

Table 5.  Mechanism test regression results 

 (1) (2) (3) (4) 
  Cost EGI Risk EGI 
ESGdif 0.001***  -0.001**  

Cost 
  

 
 

-1.073** 
(-2.18) 

 
 

 
 

Risk    0.496** 

_cons 0.0170** 0.0842 0.0369*** -0.0942 
  (2.18) (0.27) (2.59) (-0.33) 
Control variables YES YES YES YES 
Firm/Year fe YES YES YES YES 
N 7817 7817 7733 7733 
adj. R2 0.655 0.568 0.439 0.528 
t statistics in parentheses    * p < 0.1, ** p < 0.05, *** p < 0.01 
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4.4 Heterogeneity Analysis 

4.4.1 Heterogeneity Analysis Based on Public Concern 
This paper is based on the WSVI, a web search index of listed companies from the 

CNRDS database, and takes its natural logarithm as a proxy variable for the public 
attention of companies. The sample was divided into two samples of high and low 
public concern based on the mean value of public concern. The results find that ESG 
rating divergence is significantly and negatively associated with green exploratory 
innovation among firms with higher public concern. There is no significant correla-
tion between the two in firms with low public concern. 

4.4.2 Heterogeneity Analysis Based on Internal Control 
This paper uses the internal control index as a proxy variable for the level of inter-

nal control in firms. The mean value of internal control is used to divide it into two 
samples, high internal control, and low internal control, and group regression is per-
formed. The regression results are shown in Table 6. ESG rating divergence is signifi-
cantly and negatively related to firms' exploratory green innovation level at the 1% 
level for both the high and low internal control groups. This suggests that external 
characteristic factors more influence the relationship between the two. 

Table 6.  Results of heterogeneity analysis 

 
 

high concern 
EGI 

low concern 
EGI 

high IC 
EGI 

Low IC 
EGI 

ESGdis -0.0454*** -0.0104 -0.0594*** -0.0421***

 (-3.42) (-0.39) (-3.50) (-2.60) 
_cons -0.2908 0.3683 -0.9907* -0.851** 

 (-0.70) (0.70) (-0.03) (-0.14) 
Control variables YES YES YES YES 
Firm/Year fe YES YES YES YES 
N 5450 2113 3825 3637 
adj. R2 0.580 0.573 0.616 0.496 

t statistics in parentheses    * p < 0.1, ** p < 0.05, *** p < 0.01 

5 Conclusions and Recommendations 

5.1 Research Conclusion 

This paper studies the relationship between ESG rating divergence and firms' green 
innovation. It is found that ESG rating divergence significantly inhibits the level of 
exploratory green innovation of heavy-polluting firms. The mechanism analysis finds 
that increasing the cost of corporate debt financing and reducing the level of corporate 
risk-taking are two ways in which ESG rating divergence inhibits firms' exploratory 
green innovation. Heterogeneity analysis finds that the inhibitory effect of ESG rating 
divergence on firms' exploratory green innovation is more pronounced among firms 
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with high public concern, and there is no significant difference among firms with 
different levels of internal control. 

5.2 Policy Recommendations 

First, government regulators should promote developing and unifying ESG rating 
standards to reduce differences in rating results. It is also possible to draw on the in-
ternational advanced ESG rating system and combine it with China's actual situation 
to formulate ESG rating standards in line with China's national conditions. Second, 
the debt financing environment needs to be optimized. The government and financial 
institutions should increase green financial support for enterprises in the heavy pollu-
tion industry. A special green fund can also be set up to support green innovation and 
technological transformation of enterprises. Third, enterprises should strengthen ESG 
information disclosure and transparency. Ensure the authenticity, accuracy and com-
pleteness of information. At the same time, strengthen communication and coopera-
tion with stakeholders to enhance investor confidence. 
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        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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