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Research on the impact of ESG 
performance on carbon emissions 
from the perspective of green 
credit
Xiangrong Kong 1*, Zhezhou Li 2 & Xiao Lei 3

Utilizing panel data from 30 Chinese provinces, this research examines the non-linear relationship 
between regional environmental, social, and governance (ESG) performance and carbon emissions 
(CE) from the viewpoint of green credit. The study reveals a single threshold effect between ESG 
performance and CE, with green credit acting as the threshold variable. When the amount of green 
credit in a region exceeds the threshold, the growth rate of CE in that region begins to decline with 
higher ESG scores. Furthermore, green credit acts as a catalyst, playing a negative moderating role 
between ESG performance and CE, validated by both threshold regression and fixed effects models on 
panel data. Green credit indirectly influences carbon emissions by supporting green innovation, thus 
facilitating the transition to a greener economic development framework. Lastly, regional disparities 
are found in the moderating influence of green credit between ESG performance and CE. In regions 
with high ESG performance, the moderating impact of green credit is smaller, while in regions with 
low ESG performance, the effect is more significant. The research findings offer theoretical backing 
for policymakers regarding the efficacy of ESG in achieving carbon neutrality objectives, and offer 
valuable strategic recommendations for the diversified formulation of green credit strategies on 
both national and provincial scales. Regional heterogeneity test results provide valuable support for 
formulating policies that encourage green credit in provinces with low ESG performance.
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According to the United Nations  definition1, carbon neutrality refers to achieving a balance between carbon 
dioxide emissions and absorption from human activities on a global scale over a certain period of time. By the end 
of 2020, over 100 countries worldwide had set carbon neutrality goals. In September 2020, China made a com-
mitment "Peak carbon dioxide emissions before 2030 and reach carbon neutrality before 2060". Given that China 
presently stands as the world’s foremost carbon emitter, the capacity to significantly curtail carbon emissions 
(CE) stands as a paramount variable in realizing carbon neutrality  objectives2. The notion of ESG was initially 
introduced in 2004 by organizations such as the UN Global Compact (UNGC). The ESG concept encourages 
investors to consider nonfinancial factors such as environmental management effectiveness and eco-friendly 
development  strategies3,4. ESG is regarded as an important lever for implementing carbon neutrality  goals5. ESG 
framework bring fresh prospects for promoting the sustainable growth of environmentally-friendly  economy6.

The relationship between CE and ESG effectiveness has garnered widespread  attention7. ESG performance 
is essential to drive CE reduction and achieve eco-friendly, low-emission, and sustainable  growth8,9. Schol-
ars have developed ESG evaluation metrics from various perspectives or by considering industry-specific 
 characteristics10,11. Standardized ESG reports using the Global Reporting Initiative (GRI) standards have played 
a soft substitution role in advancing the vision of carbon neutrality, especially in institutional environments 
lacking a strong awareness of global  warming12,13. Moreover, green credit plays a coordinating role between 
regional ESG performance and regional CE. Cong, et al.14 indicate that a 1% rise in ESG investment results in 
a 0.246% reduction in  CO2 emissions and a 0.558% decrease in carbon emission intensity. While green credit 
is considered a means to provide funding for sustainable development, the current implementation of reforms 
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requires further improvements to enhance its  effectiveness15. In this regard, China has implemented a range of 
eco-friendly financial measures, such as environmental taxes, green insurance, and green  credits16.

The beneficial effect of ESG performance on CE reduction has been widely recognized, but the specific nature 
of their relationship warrants further investigation. Yang et al.17 found a U-shaped connection between ESG 
performance and green innovation, and ESG performance determines whether government subsidies for green 
innovation exert a beneficial or detrimental influence. Due to the negative correlation between green innovation 
and  CE18, there theoretically exists a non-linear relationship similar to a reverse U-shaped relationship between 
CE and ESG performance. The following are the marginal contributions of this article. First, we confirmed the 
non-linear relationship between ESG performance and CE using a threshold regression model, with green credit 
acting as the threshold variable. Second, green credit acts as a catalyst, exerting a negative moderating influence 
on the relationship between ESG performance and CE. Green credit indirectly influences carbon emissions by 
supporting green innovation. Lastly, we observed regional disparities in the moderating effect of green credit 
between ESG performance and CE, providing theoretical support for green credit policies.

The arrangement of this paper is outlined below: "Literature review" provides an overview of the literature, 
and "Mechanism analysis" suggests a theoretical hypothesis. "Study design" provides a description of the research 
design, including the model construction, choice of variables, data origins, and statistical summary. The empiri-
cal analysis is depicted in "Empirical analysis", and the results, restrictions, and directions for further study are 
outlined in "Conclusions".

Literature review
Investigation into the connection between ESG performance and CE primarily includes the following aspects. 
First, empirical studies directly demonstrate the positive effect of ESG performance on CE  reduction19. Second, 
analyzing contribution of ESG performance to stimulating green innovation, and the inhibitory influence of green 
innovation on CE, indirectly validates the promotion effect of ESG performance on CE  reduction17,18. Third, 
from the perspectives of monetary regulation, green investment, green credit, bank stability, etc., analyzing the 
inhibitory influence of ESG on carbon  emissions14,20.

ESG’s impact on CE reduction
Research on the influence of ESG performance on CE reduction primarily focuses on the corporate level, with 
only a small number of studies at the provincial and regional levels. Cong, et al.14, based on empirical data from 
Chinese listed firms, found that the eastern region’s environmental investments greatly increased carbon produc-
tivity, while the western and central areas saw large reductions in CE, albeit with a minor impact on carbon pro-
ductivity. Guo et al.21 suggests that the impact of green credit on CE is more noticeable in Chinese coastal regions 
compared to inland areas, while green credit serves as a significant catalyst for regional ESG performance. ESG 
performance has a notable suppressive impact on CE, promoting CE reduction by easing the financial restric-
tions on corporations and solving agency  issues8. In companies operating under strict environmental regulations, 
the effect of ESG performance on CE reduction is more  significant22. Furthermore, a significant portion of ESG 
criteria is directly related to the environment and emissions, enabling to plan for carbon neutrality  targets23.

ESG’s promotion of green innovation
Scholars have pointed out that green innovation supports the "dual carbon"  goals24,25. Differences in ESG ratings 
have a favorable influence on corporate eco-innovation, more pronounced in companies with higher independent 
director resources and greater media  attention26. The enhancement of the country’s ESG performance consider-
ably stimulates green invention, especially in nations with less robust green innovation  potential27. Third-party 
ESG assessments can effectively stimulate corporate green innovation, with corporations rated by ESG agencies 
showing a notable 3.9% surge in green invention  output28. Some research has verified that green innovation sup-
presses carbon emission intensity, with more significant effects observed in regions with elevated CE intensity 
via "targeted accountability" and "reverse compulsory systems"18.

The role of green credit
Currently, research on the role of green credit in relate with ESG mainly focuses on the effect of CE reduction. 
Wu, et al.20 indicate a nonlinear beneficial correlation between the level of money supply and CE. Green credit, 
as a significant component of money supply, should exert some form of nonlinear impact on carbon emis-
sions. The government has implemented the Green Credit Guidelines to steer corporate behavior towards more 
environmentally friendly  practices29,30. Several scholars have examined the influence of China’s policies on CE 
by manually identifying regional green credit measures enacted by different  municipalities31,32. Some scholars 
investigated the connection between ESG activities and banking value and found a non-linear relationship 
between  them33. It becomes apparent that green credit policies play a crucial role in shaping corporate behavior 
towards more sustainable practices, ultimately adding to the broader goal of reducing CE and promoting envi-
ronmental sustainability.

In general, there is a scarcity of studies on the nonlinear correlation between ESG performance and CE, with 
most current studies not specifying the specific form of interaction between the two. Existing research often 
focuses solely on the individual analysis of external factors such as green credit in promoting CE reduction, 
without considering green credit as a threshold variable to moderate the effects of ESG performance on CE. This 
paper contributes to existing studies by demonstrating the establishment of a non-linear association between 
ESG performance and CE. Green credit not only influences the growth rate of CE as a threshold variable but 
also acts as a detrimental moderator between ESG performance and CE, expanding the scope of prior research.
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Mechanism analysis
The Porter hypothesis suggests that achieving a win–win situation for both economic and ecological concerns 
is contingent upon a continual rise in Total Factor  Productivity34. In a growing economy, fast-paced economic 
growth often comes to the detriment of the environment in the short  term35. Whether it was the industrializa-
tion period in Europe and the United States over a century ago, or the past three decades in China, the rapid 
development of industrial economies has led to an increase in pollutant emissions and a significant rise in carbon 
emissions (CE) during specific periods. At the enterprise level, carbon emissions also increase rapidly as com-
panies experience rapid  growth36. When ESG evaluation criteria are introduced, companies strive to improve 
their ESG performance by reducing emissions of pollutants such as nitrogen oxides and greenhouse gases. In the 
long run, this action will lead to a decline in a company’s own CE and subsequently impact the regional carbon 
 emissions37. However, this process is not  linear38. ESG performance consists of three dimensions: Environmen-
tal, Social, and Governance. Improvements in the Social and Governance dimensions can enhance the overall 
ESG score but may not immediately reduce a company’s carbon emissions. As the Environmental dimension 
improves and the overall emission reduction effect of ESG increases, a company’s CE will experience a decrease 
in growth rate. The total CE will initially increase and then decrease until reaching carbon neutrality. Similarly, 
as more representative companies in a region implement ESG standards, the total regional carbon emissions 
will also undergo a non-linear decline.

Green credit is a key initiative to enable the conversion and development of finance resources towards the 
green industry, aiming to incentivize green innovation and stimulate the economy’s transition to low-carbon 
 development39. The advancement of green finance synergizes with the improvement of ESG  performance40. Green 
credit measures optimizes financial resource distribution, encourages green innovation activities by enterprises, 
enhances their ESG performance, and simultaneously influences the regional carbon emission level. As the level 
of green credit increases, ESG performance exhibits a similar trend, and the total carbon emissions also show 
an initial increase followed by a decrease, eventually leading to a trend towards carbon neutrality. Due to the 
nonlinear characteristic of the decline in carbon emissions, there may exist a threshold for green credit level, 
which triggers a transformative change in the influence of ESG performance on CE, Fig. 1 illustrates this trend.

Meanwhile, the three dimensions of ESG performance have different impacts on CE. The Environmental 
dimension (E dimension) requires companies to improve energy efficiency, reduce energy consumption, develop 
clean energy sources, and implement proper waste disposal and recycling. The influence of the E dimension on 
CE is direct and significant. The Social dimension (S dimension) emphasizes the company’s social responsibility 
towards employees, who are important stakeholders. Fulfilling social responsibilities towards employees, such as 
ensuring their health and safety, can contribute to better social performance for the company. The Governance 
dimension (G dimension) focuses on optimizing internal governance structures and establishing a "green culture" 
that integrates energy-saving and emission reduction practices into various departments and project manage-
ment, thus affecting  CE41. The impact of the S and G dimensions on carbon emissions is indirect and lagging.

Hypothesis 1: There exists a non-linear correlation between overall ESG performance and CE. When the 
green credit level in a region exceeds the threshold, a rise in ESG scores result in a decline in the growth 
rate of CE within the region. The E, S, and G sub-indicators have different effects on CE.

ESG performance driven by green innovation has stronger environmental externalities and requires higher 
 investment42. It is necessary for green companies to acquire stable and long-term capital. The core of green credit 
is to allocate credit resources based on the assessment of a company’s ESG performance, aiming to channel more 
funds into green industries and non-polluting companies to promote their green  innovation43.On one hand, 
regions with higher levels of green credit and better development of green finance impose more environmental 
and social performance constraints on companies when applying for loans. Therefore, companies with good 
ESG performance receive benefits and obtain more loan support, allowing them to allocate more funds to green 
innovation activities, further enhancing their ESG performance, establishing their technological competitive 
 advantage44. On the other hand, companies with poor ESG performance face difficult situations and realize that 
they need to improve their ESG performance in order to alleviate loan constraints and obtain more loan support, 
which supports their long-term development and independent innovation. In both cases, green credit acts as a 
catalyst by providing more loan support to companies with outstanding ESG performance, thereby enhancing 

Green credit

Carbon emission

ESG

CE Growth Rates
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Figure 1.  The non-linear correlation between Green credit, ESG and CE.
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regional green innovation level. In other words, green credit strengthens the influence of ESG performance on 
green innovation levels, leading to a reduction in regional CE and playing a moderating role between regional 
ESG performance and CE in a negative direction.

Additionally, there might be a positive moderating influence of green credit between ESG performance and 
CE. The phenomenon of "green washing" refers to companies exaggerating their ESG levels through various 
means to mislead investors and gain more  profits45. This phenomenon is becoming increasingly prevalent in ESG 
reports and is a significant issue that cannot be ignored. Companies rely on inflated ESG performance to obtain 
loan support from banks. However, in pursuit of profits, these companies may not invest significant costs in 
green innovation research for long-term development. Instead, they use the loans to expand their industrial scale 
or develop new products that yield quick  returns46. In such cases, green credit fails to allocate credit resources 
effectively, and it weakens the influence of regional ESG performance on reducing CE. The moderating effect of 
green credit between regional ESG performance and CE depends on the reliability of ESG performance. It relies 
on whether the ESG evaluation criteria are appropriate. The accuracy and relevance of data, valuation models, and 
methods will affect the ability to identify and avoid "green washing" risks, and rationally allocate credit resources.

Hypothesis 2: The association between ESG performance and CE is moderated by green credit.
Hypothesis 2a: Green credit has a positive moderating effect between ESG performance and CE.
Hypothesis 2b: Green credit has a negative moderating effect between ESG performance and CE.

Green credit plays a moderating role between ESG performance and CE, but its effectiveness vary due to 
regional development disparities. Regions with better ESG performance are typically more economically devel-
oped, with higher profitability, making it easier to access abundant green finance  resources47. However, due to 
the non-linear relationship between ESG performance and carbon emissions and the negative moderating effect 
of green credit, as regions with high ESG performance start to experience a decline in CE, a significant influx 
of green credit may not proportionally reduce regional carbon emissions. Conversely, the utility of green credit 
resources for CE mainly comes from the E dimension. In economically developed regions, there is already a 
strong capacity for green technological  innovation48, green credit support cannot have a greater impact because 
the high performance in the S and G dimensions contributes to the overall ESG performance. In contrast, in 
regions with low ESG performance, which are often characterized by lower levels of economic development and 
greater environmental damage during the economic development, green credit resources can have a greater 
moderating effect. In these regions, the E dimension has a stronger impact on CE, and the availability of green 
credit resources can directly drive improvements in E dimension.

Hypothesis 3: Regional disparities exist in the moderating influence of green credit between corporate 
ESG performance and CE. In regions exhibiting high ESG performance, the moderating influence of green 
credit is small. In regions exhibiting low ESG performance, the moderating influence of green credit is 
more pronounced.

Study design
The non-linear relationship between variables is better captured by the threshold regression model. The relation-
ship between ESG performance and CE may go through several stages or have significant influencing factors 
that a linear model is unable to adequately capture. To more precisely identify this non-linear link, a threshold 
regression model is constructed following.

Selection of variables
Explained variables
This article chooses the data source of CE from 30 Chinese provinces during the time frame of 2011–2020 as 
explained variables. The CE coefficients issued by the Intergovernmental Panel on Climate Change (IPCC) in 
2006 are used in conjunction with the consumption of the top ten fossil fuels, comprising natural gas, liquefied 
petroleum gas, coal, coke, and more, to estimate  CE49. The calculation formula is as follows:

where CE represents the total carbon emissions of each province, Ei represents the total consumption of fossil 
fuels i, LHi denotes the average low heating value of fuel i, CHi  stands for the carbon content per unit of heat of 
fuel i, and CORi represents the carbon oxidization rate of fuel i.

Explanatory variables
The corporate ESG performance. The ESG scores of A-share listed companies from 2011 to 2020 were obtained 
from the Bloomberg ESG  database50, including overall score, E-score, S-score, and G-score. Data were collected 
for companies with valid ESG scores (excluding records with missing scores). In 2011, there were over 800 
included companies, while the number increased to over 1300 from 2020 onwards. Considering the availability of 
actual ESG scores, the ESG performance of listed companies was aggregated at the provincial level to investigate 
its impact on provincial CE intensity. The computation formula is given below:

where δi symbolizes the ratio of the annual output of company i to the total annual output of all listed companies 
in the province in that year, ESGi represents the ESG score of company i, n stands for the quantity of all listed 
companies in the province in that year, and ESGtotal represents the ESG performance of the province.

(1)CE =

∑
8
i=1Ei × LHi × CHi × CORi

(2)ESGtotal =

∑
n
i=1ESGi × δi
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Threshold variable
Green credit (Gcredit) is the threshold variable. In this study, a panel data threshold effect framework is utilized to 
examine the nonlinear influence of ESG on CE under different levels of green credit. Currently, research on ESG 
and green credit is mainly focused on the banking industry, so we use the ratio of eco-friendly loans provided 
by banks to represent the level of green credit. The ratio of interest costs of the six largest, most energy-intensive 
industries to the total industrial interest costs is  calculated51. The six industries include chemicals, petroleum, 
electricity and heat power, non-metallic minerals, ferrous metals, and non-ferrous metals, and the data comes 
from the "China Industrial Statistics Yearbook." At the same time, green credit serves as the moderating variable 
between ESG performance and CE.

Control variables
Choosing appropriate control variables can enhance the accuracy and reliability of research findings. Referring to 
Zhang, et al.52and Liu, et al.53 studies, this article chooses the proportion of GDP spending on pollution preven-
tion to indicate environmental regulation (Regu). Government financial strength (Gov)54is a crucial metric to 
show the degree of economic development in a province, expressed as the ratio of total state budget expenditure 
to GDP. Per capita GDP (Pgdp)55 is also a significant variable affecting the level of regional economic develop-
ment. In areas with high per capita GDP, the per capita consumption of resources is higher, which can easily 
result in CE increase. Population density (Popu)56 is also a dimension affecting carbon emissions. In areas with 
high population density, the consumption of environment and resources is greater. The overall electricity usage 
(Ele)57of the entire community, representing the total amount of electricity consumed by a province in a year, is 
an important indicator of industrial economic development and has an indirect influence on CE.

Model construction
This paper primarily examines the non-linear relationship between ESG performance and CE, and investigates 
the varied influence of the three sub-dimensions of ESG on CE. Moreover, the moderating influence of green 
credit is analyzed using a threshold effect model and a fixed effects model, considering regional variations within 
the moderating impact. Following the threshold effect model proposed by  Hansen58, we construct a single 
threshold effect model for corporate ESG and carbon emissions as follows:

where CEit represents the explained variable of carbon emissions, i stands for province, t stands for year. ESGit 
stands for the explanatory variable, the overall ESG performance of province i in year t, which can be further 
decomposed into three dimensions: E, S, and G. Gcreditit is the threshold variable, reflecting the non-linear cor-
relation, also serves as the moderating variable, θ1, · · · θq is the threshold value of the model. Gov , Regu , Pgdp , 
Popu , Ele are control variables. lnAi0 denotes the model intercept, ai,βi,γi,δi,φi and �i are the coefficients, and εit 
denotes the error term.

To examine the moderating effect of green credit, we formulated the following fixed effects model:

Among them, lnESGit ∗ ln Gcreditit represents the interaction term. Equation (4) analyzes the impact of ESG 
performance on CE. Equation (5) examines the effect of green credit on CE. Equation (6) analyzes the impact of 
ESG performance and green credit on CE simultaneously. Equation (7) adds the interaction term between ESG 
performance and green credit, which is the pivotal aspect of the test. If the interaction term and the main effect 
of ESG performance on CE are both significant, it indicates that green credit plays a moderating role. If the signs 
of both variables are the same, the moderating effect is positive; otherwise, it is negative.

Similarly, we can verify the impact of the interaction term using the threshold effect model, as shown in the 
following equation:

We also consider the effects of interaction terms for the social, environmental, and governance dimensions 
separately by setting the threshold variables as ln Eit ∗ ln Gcreditit , ln Sit ∗ ln Gcreditit and ln Git ∗ ln Gcreditit , 
for comprehensive comparative analysis.

(3)

lnCEit = ln Ai0 + ai1 ln ESGit(lnGcreditit ≤ θ1)+ ai2 ln ESGit(θ1 ≤ Gcreditit ≤ θ2)+ · · ·

+ai3 ln ESGit(lnGcreditit ≥ θq)+ βi lnGovit + γi ln Reguit + δi ln Pgdpit + φi ln Popuit + �i ln Eleit + εit ,

(4)lnCEit = αi + �i ln ESGit +

∑
controlit + µit

(5)lnCEit = αi + ρi ln Gcreditit +
∑

controlit + µit

(6)lnCEit = αi + �i ln ESGit + ρi ln Gcreditit +
∑

controlit + µit

(7)lnCEit = αi + �i ln ESGit + ρi ln Gcreditit + ωi ln ESGit ∗ ln Gcreditit +
∑

controlit + µit

(8)

lnCEit = ln Ai0 + ai1 ln ESGit(ln ESGit ∗ ln Gcreditit ≤ θ1)+ ai2 ln ESGit(θ1 ≤ ln ESGit ∗ ln Gcreditit ≤ θ2)+ · · ·

+ai3 ln ESGit(ln ESGit ∗ ln Gcreditit ≥ θq)+ βi ln Gcreditit +
∑

controlit + εit ,
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Sources of data and descriptive statistics
Using samples from 30 Chinese provinces or regions (excluding Tibet, Hong Kong, Macao, and Taiwan) spanning 
from 2011 to 2020, we analyze the impact of ESG performance on CE from the perspective of green credit. The 
CE data originate from the "China Energy Statistical Yearbook", including the consumption of nine industries: 
coal, coke, crude oil, gasoline, kerosene, diesel, fuel, liquefied petroleum gas, and natural gas, converted into total 
carbon dioxide emissions. The ESG performance data come from Bloomberg’s ESG database of listed enterprises 
on the A-share market of China, the environmental regulation data originate from the "China Environmental 
Statistical Yearbook", and the rest of the data come from the China Statistical Yearbook. The main characteristics 
of descriptive statistics are shown in Table 1.

Empirical analysis
Regression results of ESG performance and carbon emissions
The outcomes of the threshold regression test indicate a single threshold effect between corporate ESG per-
formance and CE, with a significance level of 1.43%. However, the double and triple threshold regressions 
are not statistically significant. This suggests that the critical change between corporate ESG performance and 
regional carbon emissions is stable and does not exhibit multiple reversals. The threshold variable, green credit 
(lnGcredit), has a threshold value of -1.2324, calculated value of Gcredit is 0.2923, indicating that when the 
fraction of green credit exceeds 0.2923 in a province, the correlation between corporate ESG performance and 
CE in the region undergoes a significant change. Table 2 displays the test results.

Based on the baseline regression model’s findings, as displayed in Table 3, the regression coefficient between 
ESG performance and CE is generally positive, showing that the advancement in corporate ESG does not imme-
diately play a crucial role in CE reduction. Despite the improvement in ESG performance, the total CE in the 

Table 1.  Variables’ descriptive statistics. N represents the sample size, collected from 30 provinces over a 
continuous period of 10 years.

Variable N Mean SD Min Max

CE 300 43,202 30,599 4880 151,500

ESG 300 29.18 7.256 15.76 48.28

Gcredit 300 0.480 0.153 0.094 0.808

Gov 300 0.264 0.115 0.120 0.758

Regu 300 0.0152 0.0105 0.0001 0.0936

Pgdp 300 53,837 27,036 16,024 164,200

Popu 300 472.8 704.3 8 3925

Ele 300 2008 1438 185.3 6940

ESG 300 29.18 7.256 15.76 48.28

Table 2.  Threshold effect test and threshold value of ESG and CE.

Threshold quantity F value P value Threshold value

Single 27.59 0.0143 -1.2324

Double 3.78 0.8571 -0.8358

Triple 7.18 0.5514 -0.7667

Table 3.  The threshold regression results of ESG and CE. Asterisk notation denotes P < 0.1 for *, 0.05 for **, 
and 0.01 for ***.

Variable Regression coefficient Standard error

lnESG (lnGcredit ≤ θ1) 0.0857** 0.0397

lnESG (lnGcredit > θ1) 0.0439 0.0408

lnRegu 0.0158* 0.0085

lnGov −0.1144** 0.0545

lnPgdp −0.3364*** 0.0489

lnPopu 0.2319 0.1627

lnEle 0.6657*** 0.0524

_cons 7.6188*** 0.8156

R2 0.537

F 43.5166
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region continue to rise. This result is not contradictory to the conclusion of Li and  Xu8, which suggests that 
ESG ratings exert a pronounced inhibiting effect on CE. This paper extends the analysis of ESG to the regional 
level and also takes into account the lagged effect of ESG improvement on most high-emission companies. At 
the regional level, the improvement in ESG performance may coexist with an increase in CE in the short term, 
followed by an accelerated decline process, resembling an inverted U-shaped pattern. This corresponds with the 
conclusions of Yang, et al.17 regarding the U-shaped correlation between ESG performance and green innovation, 
as green innovation has a negative relationship with  CE18, reversing the U-shaped curve.

Within the selected sample period from 2011 to 2020, China’s economic evolution pattern still relies on the 
consumption of resources and environmental damage. The rapid growth of the industrial has led to a rise in 
pollutant emissions, and CE have continued to rise during specific periods. It is encouraging to find that there 
is a non-linear relationship between corporate ESG performance and CE. The regression results indicate that 
when the level of regional green credit is high and exceeds the threshold value, the impact of provincial ESG 
performance on CE is significantly enhanced, resulting in a significant decrease in the growth rate of CE in the 
region. This finding confirms Hypothesis 1.

The coefficient between government environmental Regu and CE is positive, indicating that in regions with 
higher carbon emissions, the government is more proactive in implementing environmental regulations and 
allocating resources to environmental control. The coefficients of Gov and Pgdp are negative, suggesting that 
provinces with higher government fiscal income and stronger per capita economic strength have lower levels of 
CE. It can be inferred that regions with strong per capita economic capacity, such as Beijing and Shanghai, have 
achieved economic development without relying on environmental degradation to some extent. The coefficients 
of Popu and Ele are positive, suggesting that regions with higher population density and higher electricity con-
sumption levels have higher carbon emissions.

Furthermore, this study conducted threshold regression analyses between the three sub-dimensions of ESG 
and CE. The regression outcomes, as depicted in Table 4, indicate that all three dimensions exhibit significant 
first-order threshold effects on CE, but their coefficients differ. Regarding the Environmental dimension, when 
the level of green credit represented by Gcredit is below the threshold value, the E dimension is positively related 
to CE with a coefficient of 0.0295, at the 1.25% significance. However, when Gcredit surpasses the threshold value, 
the relationship between the E dimension and CE reverses and becomes negative, with a coefficient of -0.0256, 
at the 1.19% significance. This indicates that in regions where the green credit level exceeds the threshold, a rise 
in the E dimension score leads to a decline in CE, providing strong theoretical support for local governments to 
develop green credit and promote the attainment of carbon neutrality goals.

Conversely, the Social and Governance dimensions do not exhibit such pronounced reversal effects. The 
regression coefficients remain positive, but when the S and G dimension scores surpass the threshold value, 
their coefficients decrease in absolute value, consistent with Hypothesis 1. This suggests that when the level of 
green credit in an area is higher and the proportion of green credit exceeds the threshold value, higher S and 
G dimension scores correspond to a decrease in the growth rate of CE. Therefore, it can be observed that the 
influence of the E dimension on CE is direct and significant. This is because an increase in the E dimension 
score requires companies to directly improve energy efficiency and achieve a direct reduction in CE. However, 
the effects of the S and G dimensions on CE are indirect and lagged. This finding is consistent with our analysis 
and inference in Hypothesis 1.

In terms of control variables, the coefficients of Regu, Popu, and Ele are positive, while the regression coef-
ficients of Gov and Pgdp are negative. These outcomes align with the coefficients noted in the baseline regression, 
thus validating the stability of the model.

Table 4.  The threshold regression results of environmental, social, governance and CE. Asterisk notation 
denotes P < 0.1 for *, 0.05 for **, and 0.01 for ***

Variable lnCE lnCE lnCE

lnE (lnGcredit ≤ θ1) 0.0295** (0.0125)

lnE (lnGcredit > θ1) −0.0256** (0.0119)

lnS (lnGcredit ≤ θ1) 0.0649** (0.0286)

lnS (lnGcredit > θ1) 0.0053 (0.0292)

lnG (lnGcredit ≤ θ1) 0.0881** (0.0353)

lnG (lnGcredit > θ1) 0.0559 (0.0360)

lnRegu 0.0070 (0.0082) 0.0128 (0.0081) 0.0157* (0.0083)

lnGov −0.0906* (0.0529) −0.0996* (0.0525) −0.1232** (0.0543)

lnPgdp −0.2982*** (0.0430) −0.3055*** (0.0413) −0.3356*** (0.0448)

lnPopu 0.2361 (0.1632) 0.2125 (0.1625) 0.2421 (0.1628)

lnEle 0.7119*** (0.0534) 0.6677*** (0.0524) 0.6609*** (0.0525)

_cons −2.1641*** (0.6818) −0.5639 (0.4829) −1.5939*** (0.5978)

N 300 300 300

R2 0.529 0.536 0.536

F 42.2091 43.4599 43.4424
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The moderating effect of green credit
This study employed both fixed effects models and threshold effects models to verify the moderating influence 
of green credit. The test outcomes of the fixed effects regression are presented in Table 5. Column (1) examines 
the correlation between ESG performance and CE, revealing a positive relationship, a coefficient of 0.0895, and 
significant level below 5%. This suggests that the advancement in ESG performance does not immediately impact 
CE, and short-term economic development still involves sacrificing a portion of the environment and resources. 
Column (2) examines the relationship between Gcredit and CE, demonstrating a negative relationship with a 
coefficient of -0.0275. This implies that the growth of green credit contributes to the reduction of CE, in line 
with the results of Jiang, et al.32 and Hu, et al.31. However, this paper goes further to discuss the function of green 
credit by extensively examining the interaction between green credit and ESG.

Column (3) includes both ESG performance and Gcredit in the model, and the results align with columns 
(1) and (2), suggesting the stability of the previous outcomes. In column (4), the interaction term is introduced, 
aiming to examine whether green credit considerably influences the connection between ESG performance and 
CE. The outcomes reveal that the coefficient of the interaction term is negative, contrary to ESG performance 
in column (1). This indicates that green credit exerts a negative moderating role in the correlation between ESG 
performance and CE, suggesting that it facilitates the reduction of CE based on ESG performance. Hypothesis 
2b is confirmed.

The findings of the threshold effects model are presented in Table 6. Column (1) examines the relationship 
between the interaction term and CE, revealing a negative relationship, at a significant level below 1%. This aligns 
with the results of column (4) in the fixed effects model in Table 4. Columns (2), (3), and (4) represent the rela-
tionships between the interaction terms and CE under the E, S, and G dimensions, respectively, all demonstrating 
significant negative relationships. This also confirms Hypothesis 2b. Notably, column (2) exhibits a noticeable 
"U-shaped" turning point in the relationship between the E dimension’s interaction term and CE, similar to the 
relationship between ESG and CE discussed earlier. When green credit exceeds a certain threshold, an increase in 
the E dimension score may lead to an increase in CE, thereby showing the "green washing" effect. The precision 
and efficiency of the data will influence the bank’s identification and mitigation of "green washing" risks, thereby 
affecting the rational allocation of credit resources and having adverse effects on carbon CE.

In terms of control variables, the coefficients of the fixed effects model in Table 5 and the threshold effects 
model in Table 6 exhibit similar characteristics to the baseline regression coefficients. The variables of environ-
mental Regu, Popu, and Ele have positive coefficients, while government Gov and Pgdp have negative coefficients 
in relation to CE. This further confirms the stability of the model.

Endogeneity and robustness
Panel data regressions commonly suffer from endogeneity issues, primarily stemming from three sources: meas-
urement errors, omitted explanatory variables, and reverse causality. The empirical model in this paper faces 
these challenges as well. For instance, regional CE levels may, in turn, affect the implementation of green credit 
policies. Consequently, the estimation results of the baseline model may be biased. There are several methods to 
address endogeneity problems. Fixed effects models for panel data can partially address estimation errors caused 
by individual effects. Additionally, the most effective method is to use the Heckman two-stage estimation method 
with instrumental variables. Drawing on the research of Zhao, et al.59 , Zhang and  Kong60, this paper constructs 
instrumental variables using the ratio of provincial GDP to financial institution deposits.

Table 7 reports the results of instrumental variable regression. The weak identification test results show that 
the mean of the Cragg-Donald Wald F statistic exceeds the 10% critical value of the Stock-Yogo test, passing the 
weak instrumental variable test. The LM statistic of the underidentification test rejects the null hypothesis at the 
1% level, satisfying the instrument’s identifiability. After considering endogeneity issues, the coefficients of the 

Table 5.  The fixed effects regression results of the moderating effect. Asterisk notation denotes P < 0.1 for *, 
0.05 for **, and 0.01 for ***.

Variable

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

lnCE lnCE lnCE lnCE

lnESG 0.0895** (0.0415) 0.0868** (0.0424) −0.0870 (0.0618)

lnGcredit −0.0275 (0.0376) −0.0126 (0.0381) 0.5832*** (0.1620)

lnESG_Gcredit −0.1742*** (0.0461)

lnRegu 0.0156* (0.0089) 0.0092 (0.0085) 0.0152* (0.0090) 0.0115 (0.0088)

lnGov −0.1365** (0.0567) −0.0975* (0.0561) −0.1323** (0.0582) −0.0649 (0.0596)

lnPgdp −0.3705*** (0.0506) −0.2956*** (0.0419) −0.3647*** (0.0536) −0.3739*** (0.0524)

lnPopu 0.2937* (0.1694) 0.2731 (0.1705) 0.2958* (0.1698) 0.3407** (0.1661)

lnEle 0.6713*** (0.0547) 0.6727*** (0.0564) 0.6673*** (0.0562) 0.7029*** (0.0556)

_cons 7.4418*** (0.8511) 7.0405*** (0.8486) 7.4006*** (0.8616) 7.6667*** (0.8436)

N 300 300 300 300

R2 0.493 0.485 0.493 0.519

F 42.7122 41.3852 36.5025 35.3393
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key explanatory variables, threshold variables, and moderating terms are consistent with the baseline regression 
coefficients, indicating a certain degree of stability in the estimation results of the baseline model.

Regional heterogeneity
To validate the regional heterogeneity of the moderating effect of green credit, this study employed two grouping 
methods: categorized by ESG level and by green credit level. Before conducting grouped regressions, we utilized 
two heterogeneity testing methods: Seemingly Unrelated Estimation (Suest) and Fisher’s Combination Test. The 
test results yielded similar conclusions, indicating that the regional disparities induced by ESG level were more 
pronounced. The test results are presented in Table 8.

The regression results for the full sample, High ESG group, and Low ESG group are presented in Table 9 for 
comparison. The findings indicate that in regions with higher ESG performance, as in column (2), the coeffi-
cient cannot be tested for significance at the chosen level. In contrast, in regions with lower ESG performance, 
presented in column (3), the coefficient of the interaction term is −0.3596, with its absolute value even larger 
than the full sample regression coefficient −0.1742. These results indicate significant differences between the 
two groups, supporting Hypothesis 3.

Guo, et al.21 suggests that the influence of green credit on CE in Chinese coastal areas is more significant 
than that in inland areas, thus indicating spatial variations in the influence of green credit on CE. The conclu-
sion is not contradictory to the findings of this study. Coastal areas do not necessarily represent high ESG per-
formance. In China, coastal provinces such as Hebei, Liaoning and Hainan have ESG performance lower than 
most inland provinces. This difference arises from that in regions with higher ESG performance, the overall 
economic development level is higher and there is no shortage of credit funds. Therefore, the promoting effect of 

Table 6.  The findings of the moderating effect. Asterisk notation denotes P < 0.1 for *, 0.05 for **, and 0.01 for 
***.

Variable

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

lnCE lnCE lnCE lnCE

lnESG_Gcredit (lnGcredit ≤ θ1) −0.1175*** (0.0300)

lnESG _Gcredit (lnGcredit > θ1) −0.0891*** (0.0311)

lnE_Gcredit (lnGcredit ≤ θ1) −0.0163** (0.0076)

lnE _Gcredit (lnGcredit > θ1) 0.0296** (0.0114)

lnS_Gcredit (lnGcredit ≤ θ1) −0.1049*** (0.0252)

lnS _Gcredit (lnGcredit > θ1) −0.0654** (0.0266)

lnG_Gcredit (lnGcredit ≤ θ1) −0.1061*** (0.0292)

lnG _Gcredit (lnGcredit > θ1) −0.0837*** (0.0300)

lnGcredit 0.3479*** (0.1146) −0.0626 (0.0388) 0.1885** (0.0739) 0.4051*** (0.1372)

lnRegu 0.0169** (0.0082) 0.0076 (0.0083) 0.0129 (0.0081) 0.0159* (0.0082)

lnGov −0.1057** (0.0528) −0.0976* (0.0544) −0.1004* (0.0529) −0.1137** (0.0531)

lnPgdp −0.3880*** (0.0470) −0.3004*** (0.0422) −0.3457*** (0.0419) −0.3727*** (0.0456)

lnPopu 0.2759* (0.1619) 0.2103 (0.1661) 0.2292 (0.1611) 0.2714* (0.1625)

lnEle 0.6952*** (0.0533) 0.7096*** (0.0555) 0.6763*** (0.0532) 0.6913*** (0.0536)

_cons 7.9223*** (0.8176) 7.1528*** (0.8251) 7.8293*** (0.8167) 7.7961*** (0.8165)

N 300 300 300 300

R2 0.547 0.523 0.545 0.543

F 39.5003 35.9079 39.2752 38.8366

Table 7.  The instrumental variable and Heckman two-stage estimation results. Asterisk notation denotes 
P < 0.1 for *, 0.05 for **, and 0.01 for ***.

Variable

IV (2SLS) FE

lnCE lnCE

lnESG −0.3746* (0.2086) −0.0870 (0.0618)

lnGcredit 1.5387** (0.6311) 0.5832*** (0.1620)

lnESG_Gcredit −0.4398** (0.1737) −0.1742*** (0.0461)

Cragg–Donald Wald F statistic 19.344 (16.380)

Anderson canon. corr. LM statistic 19.038 (0.000)

R2 0.467 0.519

N 300 300
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green credit may not effectively impact CE reduction and may even lead to negative effects due to the potential 
"green washing" phenomenon. On the other hand, in regions with lower ESG performance, the overall economic 
development level is lower and there is a scarcity of credit funds. Thus, the support from green credit can drive 
companies to improve green technologies, enhance resource recycling, and promote carbon reduction activities 
more effectively.

Furthermore, we divided the sample data into High Gcredit group and Low Gcredit group, as illustrated in 
Table 10, but the outcomes did not exhibit significant differences. It is evident that the level of credit allocation in 
the regions does not affect the conclusions significantly, indicating that Gcredit is suitable as a threshold analysis 
variable. As for the control variables, the regression coefficients for the High ESG group and Low ESG group 
remained consistent with the baseline regression, further confirming the stability of the model.

Table 8.  Heterogeneity test results.

Test Variable

Group by ESG Group by Gcredit

P value P value

Suest lnGcredit 0.048 0.197

lnESG_Gcredit 0.026 0.079

Fisher’s Combination lnGcredit 0.090 0.440

lnESG_Gcredit 0.050 0.460

Table 9.  The moderating effect in provinces with different ESG levels. Asterisk notation denotes P < 0.1 for *, 
0.05 for **, and 0.01 for ***

Variable

(1)All (2)High ESG (3)Low ESG

lnCE lnCE lnCE

lnESG −0.0870 (0.0618) −0.1092 (0.0923) −0.2589 (0.0920)

lnRegu 0.0115 (0.0088) 0.0124 (0.0102) 0.0014 (0.0148)

lnGov −0.0649 (0.0596) 0.0311 (0.0866) 0.0023 (0.0844)

lnPgdp −0.3739*** (0.0524) −0.1713*** (0.0711) −0.4884*** (0.0832)

lnPopu 0.3407** (0.1661) −0.4310 (0.3074) 0.4810*** (0.2064)

lnEle 0.7029*** (0.0556) 0.7062*** (0.0596) 0.8078*** (0.1162)

lnGcredit 0.5832*** (0.1620) 0.0919 (0.2799) 1.0537*** (0.2162)

lnESG_Gcredit −0.1742*** (0.0461) −0.0173 (0.773) −0.3596*** (0.0638)

_cons 7.6667*** (0.8436) 10.1686*** (1.7046) 8.0284*** (0.9897)

N 300 150 150

R2 0.5190 0.6841 0.4652

F 35.34 34.37 13.81

Table 10.  The moderating effect in provinces with different green credit levels. Asterisk notation denotes 
P < 0.1 for *, 0.05 for **, and 0.01 for ***.

Variable

(1)All (2)High Gcredit (3)Low Gcredit

lnCE lnCE lnCE

lnESG −0.0870 (0.0618) −0.1189 (0.1376) −0.0711 (0.0920)

lnRegu 0.0115 (0.0088) 0.0173 (0.0109) −0.0044 (0.0163)

lnGov −0.0649 (0.0596) 0.0399 (0.0768) −0.1792* (0.0960)

lnPgdp −0.3739*** (0.0524) −0.3905*** (0.0897) −0.3943*** (0.0739)

lnPopu 0.3407** (0.1661) 0.1476 (0.2095) 0.5806* (0.2955)

lnEle 0.7029*** (0.0556) 0.8868*** (0.1209) 0.6759*** (0.0703)

lnGcredit 0.5832*** (0.1620) 0.2296 (0.7081) 0.5599** (0.2384)

lnESG_Gcredit −0.1742*** (0.0461) −0.0646 (0.2024) −0.1737** (0.0691)

_cons 7.6667*** (0.8436) 7.8101*** (1.1474) 6.8313*** (1.3065)

N 300 150 150

R2 0.519 0.386 0.615

F 35.3393 9.9818 25.3486
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Conclusions
From the perspective of green credit, this research looks into the connection between company ESG performance 
and CE. Using sample data from 30 Chinese provinces, spanning from 2011 to 2020, a threshold model is con-
structed to verify the non-linear correlation between corporate ESG performance and CE. A fixed-effects model 
and threshold regression model are employed to compare the moderating effect of green credit on the correlation 
between ESG and CE, further discussing the regional heterogeneity of the moderating effect.

The study’s findings lead to the following conclusions: Firstly, there is a non-linear correlation between 
ESG performance and CE. When the ESG performance of companies in a region exceeds a certain threshold, 
an increase in ESG scores leads to a downturn in the growth rate of regional CE. While all three dimensions—
Environmental, Social, and Governance—exhibit single-threshold effects on CE, the impact of the E dimension 
is direct and significant, while the impacts of the S and G dimensions are indirect and lagging. Secondly, green 
credit exerts a negative moderating role between corporate ESG performance and carbon emissions. As a catalyst, 
green credit provides more loan support to companies with outstanding ESG performance, enabling them to 
invest significant funds in green innovation research for long-term development. This, in turn, enhances regional 
green innovation and contributes to a decline in CE. Lastly, the moderating effect of green credit between ESG 
performance and CE varies across regions. In regions with low ESG performance, green credit has a greater 
moderating effect.

Theoretical implication
This paper has several theoretical implications. Firstly, it contributes to existing studies by demonstrating the 
establishment of a non-linear correlation between ESG performance and CE. Yang, et al.17 found a U-shaped 
correlation between ESG performance and green innovation, although some studies have suggested a negative 
correlation between green innovation and CE, there has not been an in-depth analysis of the specific functional 
form of ESG performance on CE. This paper empirically confirms the non-linear correlation between ESG per-
formance and CE, contributing a new perspective to regional ESG performance studies. Secondly, we re-evaluate 
the role of green credit. Several academics have examined the facilitating effect of green credit on CE reduction, 
and Wu, et al.20 also pointed out the non-linear relationship between green credit and CE. Our research find-
ings reveal that green credit not only influences CE growth rate as a threshold variable but also plays a negative 
moderating role between ESG performance and CE, expanding the scope of prior research. Thirdly, this paper 
concludes on the regional heterogeneity of the moderating effect of green credit, different from the findings of 
Guo, et al.21 regarding the differences in coastal areas. We believe that the moderating effect of green credit is 
greater in low ESG performance regions, exploring the moderating effect of green credit from diverse angles.

Policy implications
Drawing from the empirical conclusions, the following policy recommendations are suggested by this study. 
Firstly, the government can transfer the responsibility of achieving carbon neutrality to enterprises through ESG 
performance evaluations. Each region needs to propose policies tailored to its own developmental characteristics 
based on the scores in the E, S, and G dimensions, focusing more on policies that directly optimize the environ-
ment and enhance administrative efficiency to reduce carbon emissions. The impact of the E dimension on CE is 
direct and rapid. For provinces with stringent environmental protection tasks, such as Hebei and Shanxi, which 
are heavily industrialized and suffer from severe air pollution, the government can impose higher requirements 
on enterprises from the E dimension to expedite and effectively promote carbon reduction.

Secondly, there is a need to vigorously develop green credit and leverage its role in promoting green innova-
tion and its moderating effect on corporate ESG performance and carbon emissions. Local governments should 
establish reasonable ESG evaluation criteria to avoid the risk of "green washing" and enable commercial banks to 
allocate resources adequately for green credit. Only when green credit resources are directed towards companies 
with clear objectives in green technology and strong innovation capabilities can their intended effects be real-
ized. Local governments and commercial banks should collaborate to formulate differentiated credit policies to 
ensure a more scientific allocation of green credit funds.

Thirdly, the government should pay more attention to providing green credit support in regions with low 
ESG performance, especially in economically underdeveloped areas, to channel financial resources to areas in 
greater need of funding. Economically underdeveloped regions often exhibit lower ESG performance, as their 
economic development heavily relies on environmental degradation and resource exploitation. By increasing 
green credit support in these regions, improvements in the E dimension of enterprises can be accelerated. Even 
in coastal areas, there are provinces with low ESG performance, such as Hebei, Liaoning and Hainan, which still 
require additional green credit resources to overcome the limitations of not meeting threshold values.

Restrictions and upcoming studies
This study has various restrictions. Firstly, the sample is sourced from provinces in China, which are components 
of developing markets characterized by their distinct features differing from those of developed countries. Sec-
ondly, there are variations in existing ESG assessments. This study relies on unofficial ESG assessments institution, 
and despite conducting various robustness tests in the analysis, the outcomes could still be impacted. Addition-
ally, not all listed companies participated in ESG disclosure, and listed companies only represent a portion of the 
provincial economy. Therefore, using the ESG performance of listed companies as a proxy for ESG performance 
in each province may introduce some errors.

Many suggestions for future research directions are made in light of the limitations of this study. First, in 
order to examine the stability of the experimental outcomes and draw more broadly applicable conclusions, we 
may broaden the sample of nations to include major economies like the US and Europe. Second, it would be 
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possible to lessen errors related to dependent variable selection by combining assessment results from several 
ESG rating agencies and using a more sensible approach for comprehensive ESG evaluation. Thirdly, taking into 
account the use of alternative panel regression models for analysis and testing; for instance, using the Difference-
in-Differences (DID) approach to compare the effects of CE before and after green credit policies are put into 
place (Supplementary Information).

Data availability
Data is provided within the supplementary information files.
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