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This study explores the relationship between ESG investments and carbon

emissions in China. Our results show that 1% increase in environmental

investments would cause 0.246% decrease in CO2 emissions and 0.558%

decrease in carbon emission intensity. The impact of ESG investment is

heterogeneous across the developed and underdeveloped regions.

Environmental investments in the advanced eastern region have significantly

improved carbon productivity. In contrast, environmental investments in the

central and western regions significantly reduced carbon emissions, but they

have little impact on carbon productivity.
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1 Introduction

Rapid economic development over the past century has led to a series of

environmental problems. The “high carbon, high development” model is not

sustainable because of the threat of impending climate change. According to Raggad

(2020), the greenhouse effect is particularly severe due to the large volume of carbon

emissions, which not only adversely affects the ecological balance but also diminishes the

health of the economy. In August 2021, the Intergovernmental Panel on Climate Change

stated, in its Sixth Assessment Report Group I Working Paper, that global temperatures

will rise by 1.5°C–2°C, which will affect agricultural activities and exceed critical the

tolerance thresholds of human health, unless carbon dioxide and other greenhouse gas

emissions are significantly reduced in the coming decades1.

To fight against climate change, the European Union has established the world’s

largest and most mature carbon emissions trading system, assigning a certain amount of

carbon emission permits to enterprises (Åihman and Zetterberg, 2005). In the United States,

energy security policies have been put forward; the feasibility of carbon tax is under progressive

discussion, and a net zero-carbon emission plan has been formulated (Brown and Li, 2019).
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Japan has made great efforts to improve environmental protection

technology, successfully reducing carbon emissions through material

recycling. In India, biomass energy, a kind of renewable energy, has

been utilized by the government to deal with their energy crisis and

minimize their carbon footprint. Although there are technological,

economic and infrastructure barriers to developing biomass energy,

this can be improved through research and development (Irfan et al.,

2022). Thailand also faces environmental challenges, as it relies on

non-renewable energy consumption to develop its economy, leading

to carbon emissions (Yue et al., 2021). China launched carbon

emissions trading pilots in seven provinces in 2013, and it set up

a national carbon emissions trading market in 2017. The

establishment of carbon emission trading markets in China is

crucial to boost ecological conservation and to stay committed to

its goal of carbon emission reduction (Wang et al., 2020). As China is

currently the world’s largest carbon emitter, the ability of domestic

companies to effectively reduce carbon emissions is one of the most

important factors in achieving global climate goals (Ding et al., 2021).

The world needs to consider the energy trilemma: accessible

energy affordability, energy security and environmental

sustainability. If the world only invests in energy use, the

resulting growth will eventually become unsustainable (Khan

et al., 2022a). Xie et al. (2022) shows that there is a relationship

between natural resources and economic performance. Achieving

carbon neutrality and peak emission targets is widely recognized as

the only way to achieve sustainable economic development.

Furthermore, governments should focus more on sustainable

resources since it is crucial to development.

As the concept of ESG has been developed in recent years,

increasing research attention focused on ESG development.

Rustam et al. (2019) found that higher financial leverage

limits the company’s ability to disclose ESG information.

Baldini et al. (2018) found that country-level characteristics

such as political system (legal framework and corruption),

labor system (labor protection and unemployment rate), and

cultural system (social cohesion and equal opportunities)

significantly influence companies s corporate ESG disclosure.

In addition, the role of the market also affects the disclosure of

comprehensive ESG information. Zhang et al. (2020) studied the

interactive effect of three dimensions of ESG information of

listed companies on firm value, and concluded that green

innovation, environment and ESG information disclosure can

positively affect firm value, and its substitution effect on firm

value gradually decreases with the increase of firm value.

In this study, we investigated the impact of listed companies’

ESG investments on carbon emissions in China. Some studies

have focused on the impact of ESG investments on climate

change and environmental performance (Jinga, 2021; Peng

et al., 2021). Li and Xue (2020) has stated that the

implementation of carbon reduction goals relies heavily on

the participation by enterprises. A combination of the external

political environment, internal development motivation, and the

requirement for good community relations prompted companies

to focus on green transition. Dong et al. (2021) points out that, to

follow the carbon emission restrictions, companies resort to

short-term solutions with output control and slower

production, which does not conform to the real intention of

government policies. The long-term adjustment is what really

matters in achieving carbon neutrality. The country should strive

to have a low-carbon mechanism by implementing carbon tax,

continuous financial aid to lower carbon production,

commercializing low-carbon emission technology, etc., (Khan

et al., 2022b). Fukushima (2013) documents that reducing carbon

emissions is an integral part of corporate ESG investments,

regardless of company type. Addressing environmental issues

is necessary for conducting business activities. Using the

Dumitrescu-Hurlin technique, Ahmad et al. (2021) found that

the causality between energy-industry investment and economic

performance differs across the regional development levels.

Since China is currently the world’s largest carbon emitter,

domestic companies’ ability of carbon emissions reduction is one

of the most important factors in achieving global climate goals2.

The Hong Kong Exchange required listed companies to disclose

ESG reports in 2015, indicating that addressing environmental

concerns have become an obligation for enterprises.

Figure 1 shows the distribution of carbon emissions in China

in 2014 and 2019. The total carbon emissions remained relatively

stable, but their distribution changed significantly. Thus, it is

necessary to conduct an in-depth analysis of China’s efforts

towards the green transition of industries.

This paper contributes to the literatures by investigating

the relationship between the ESG investment and the

reduction of carbon emissions in China. We focus on the

role of regional differences in the relationship between ESG

investments and carbon emissions. Regional differences,

including both natural resource distribution and economic

differences, have significant influence on carbon emissions.

The distribution of coal, which is the major fossil fuel used in

China, is extremely uneven. However, the reduction in carbon

emissions in China is mainly achieved by reducing coal

consumption. Richer coal resources allow for a lower cost

of resource consumption attributable to local extraction,

leading to a weaker incentive for enterprises to develop

new technology, to use clear energy, and to improve energy

consumption efficiency. Additionally, the unbalanced and

inadequate development of regional economies has reduced

incentives of local governments for the green transition.

Therefore, it is important to analyze the impact of regional

differences on carbon emissions. We divide the whole sample

into three parts—Eastern, Central, and Western regions, and

study the effect of ESG investments on carbon emissions of

listed companies in each region, which increases the

2 See more details in Wu et al., 2018.
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credibility and applicability of the results. This study provides

relevant reference in the implementation of the policy, which

is in line with the current goal of green transformation and

sustainable economic growth.

The rest of the paper is structured as follows: Section 2

provides the data description and analysis; Section 3

introduces the proposed model; Section 4 presents the

empirical results; and Section 5 discusses the results and

conclusions of the study.

2 Data

2.1 Dependent variables

Based on a study by Wang et al. (2017) and Li and Xue

(2020), we selected carbon dioxide emission amount, carbon

productivity, and carbon emission intensity as dependent

variables. Because carbon emissions cannot be observed, we

focused on 14 types of energy: coal, coke, coke oven gas,

FIGURE 1
Regional distribution of carbon emissions in China in 2014 (top) and 2019 (bottom).
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natural gas, crude oil, gasoline, kerosene, diesel oil, fuel oil,

liquefied petroleum gas, blast furnace gas, converter gas,

liquefied natural gas, and other natural gas. We then

calculated their carbon dioxide emission indices according to

Liang et al. (2021). Specifically, we collected 180 balance sheets

from 2014 to 2019 and used the coal discount coefficient to

estimate carbon dioxide emission index. Data were obtained

from the China Energy Statistics Yearbook (2015–2020). Carbon

emissions were estimated as follows:

CO2 � ∑
14

i�1CO2,i � ∑
14

i�1Ei*NCVi*CEFi (1)

where CO2 represents the estimated carbon dioxide emission

amount; Ei is the combustion consumption of energy source i

(i � 1, 2, . . . , 14); NCVi is the net calorific value, represents for

the average low-calorific value used to convert various energy

consumptions into energy units; and CEFi is the carbon dioxide

emission factor of the various energy sources.

2.2 Independent variables

Our key independent variable is the ESG investment score.

ESG scores are estimated based on the announcement of ESG

investment and performance of listed firms. These scores can be

used to evaluate corporate investment behavior and their

contribution to promoting sustainable economic development

and fulfilling social responsibilities. We also used environmental,

social, and governance scores as independent variables to

examine their impact on carbon emissions. We calculate our

provincial ESG data as the average ESG investment score of listed

firms in each province. The scores were obtained from the

SynTao database.

2.3 Control variables

We selected the scientific and technological level, economic

development level, primary energy consumption, and degree of

openness as control variables. Progress in science and technology

plays a vital role in the development of new energy sources, and

improvement in new energy processing and conversion efficiency

changes the energy consumption structure. The data were

obtained from the official website of the State Intellectual

Property Office.

We used GDP per capita to represent the level of regional

economic development. The Kuznets curve shows the inverted

“U” relationship between GDP per capita and environmental

degradation (Spangenberg, 2001). China’s regional economic

development level is unbalanced, which leads to a difference

in the time required to cross the turning point among regions.

These data were obtained from the China City Statistical

Yearbooks.

The consumption of primary energy directly affects carbon

emissions (Bertinelli et al., 2007). The lower the energy

processing conversion rate (i.e., the greater the proportion of

primary energy), the greater the impact on environmental

damage and carbon emissions. The data were obtained from

the China Energy Statistics Yearbook.

Developed and developing countries are deeply involved in

the global value chain and profoundly affect the international

carbon transfer network through the trade-clustering effect

(Wang et al., 2021). To retain the competitive advantage,

some countries relax environmental regulations and the

behavior of “race to the bottom line” appears (Revesz, 1997).

These results show that the degree of openness significantly

affects a country’s carbon emissions. We collect these data

coms from China Statistical Yearbook. The definitions of the

TABLE 1 Variable definition.

Types Variables Definition

Dependent variables CO2 The carbon dioxide emission amount

CP Carbon productivity. The ratio of GDP to carbon dioxide emission amount

CEI Carbon emission intensity. Carbon dioxide emission amount per unit of GDP, which is the reciprocal of carbon productivity

Independent variables ESG Environmental, social and governance investment aggregate score

Environment Environmental investment score

Social Social investment score

Governance Corporate governance investment score

Control variables TEC The scientific and technological level proxied by the number of patents

PGDP GDP per capita, represent for the economic development level

COMs Primary energy consumption, including the coal, oil, natural gas, primary power and other energy

Open The openness degree of certain region, proxied by the total imports and exports of regional trade
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variables are listed in Table 1 and the summary statistics are

shown in Table 2.

3 Methodology

We employ a panel regression model for the empirical

analysis. We used the logarithm form of the variables to

alleviate the effects of heteroscedasticity. As mentioned above,

we chose carbon dioxide emission amount, carbon productivity,

and carbon emission intensity as dependent variables. Since the

provincial and time effect could hardly be considered as random

experiment, we conducted a two-way fixed effect model to

evaluate the relationship. The result of Hausman test also

support this selection. The model is constructed as follows:

Yti � β0 + β1lnESGti + β2lnTECti + β3lnPGDPti

+ β4lnCOMsti + β5lnOpenti + λt + μi + ϵ (2)

where Yti is lnCO2ti or lnCPti or lnCEIti, which refers to carbon

dioxide emissions, carbon productivity, or carbon emission

intensity in province i in year t, respectively; and λt and μi
represent the time and individual fixed effects, respectively. The

definitions of variables are listed in Table 1.

Firstly, we test multicollinearity and stationary of the

variables. According to Table 3, the VIF values of the

explanatory variables are all less than 5, suggesting that

there is no serious multicollinearity problems. Table 4

provide the results of unit root test for logarithmic and log

first-order difference of the variables. It is clear that most of

the variables are first-order stationary. Consequently, the

cointegration test should be performed to determine

whether there is a stable relationship between the

variables. We employ the Kao test to investigate panel

cointegration on the variables. Table 5 shows that the

cointegration relationships stand in all cases, indicating

that our model is not misspecifie.

4 Empirical results

Table 6 reports the primary results of Eq. 2. In case 1, the

primary energy consumption is significant at the 1% significance

level because the energy consumption is directly related to carbon

emissions. After controlling for the effect of energy consumption,

we observe that ESG investment has a significantly negative

impact on carbon dioxide emissions. A 1% increase in ESG

investment reduces carbon emissions by 0.262%, indicating that

ESG investment significantly contributes to alleviating climate

change in China.

In Case 2, we adopt carbon productivity as the dependent

variable. GDP per capita is highly significant and positive,

indicating that carbon productivity is much better in well-

developed regions. As energy consumption is significantly

negative, suggesting that the under developed regions have

not achieved the balance of economic development and

environmental protection. However, we observe that ESG

investment is positive but not significant, indicating that ESG

investments by Chinese enterprises have not achieved progress in

relevant green technologies at the current stage. In Case 3, we

adopt carbon emission intensity as the dependent variable and

obtained similar results. ESG investment is significant and

TABLE 2 Descriptive statistics.

Unit N Mean SD Min Max

CO2 Thousand tons 180 36,054 24,559 3,453 110,603

CP Hundred million yuan/thousand tons of carbon dioxide 180 3.303 5.941 1.176 58.94

CEI Thousand tons of carbon dioxide/100 million yuan 180 24.79 68.24 1.278 483.0

ESG 1 180 47.21 2.085 38.75 52.88

Environment 1 180 46.33 2.913 37.66 56.51

Social 1 180 52.20 2.364 42.54 62.69

Governance 1 180 43.08 2.974 31.84 50.72

TEC 1 180 60,339 83,460 619 527,390

PGDP yuan 180 53,823 23,917 25,202 156,587

COMs Ten thousand tons of standard coal 180 15,405 8,906 1,820 41,390

Open Billion yuan 180 618.6 1,165 0.0415 5,888

TABLE 3 VIF test for explanatory variables.

Variable VIF 1/VIF

TEC 4.45 0.224558

Open 2.98 0.335388

COMs 1.77 0.564112

PGDP 1.76 0.569293

ESG 1.1 0.907685

Mean VIF 2.41 0.414938
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negative, indicating that an increase in ESG investment tends to

reduce or inhibit carbon emissions intensity.

We then distinguish between environmental, social, and

governance investments and investigate their impact on carbon

emissions. The empirical results are presented in Table 7. Clearly,

environmental investment significantly reduced carbon emissions

but had no significant impact on carbon productivity. These results

are similar to those in Table 6. However, social and governance

investments had no significant impact on carbon emissions.

To further analyze the impact of environmental

investment on carbon emissions in different regions of

China, we refer to the regional division method of the

National Bureau of Statistics and divide the sample into

three sub-samples: the eastern, central, and western

regions3. The results are presented in Table 8.

According to Table 8, environmental investments have

significant impact on carbon emissions in each region.

Specifically, environmental investments significantly

increase carbon productivity in the eastern region, and

decrease the CO2 emissions and carbon emission intensity

in the western and central region. For better understanding,

the results of Table 8 are visualized in Figure 2. Clearly, the

impact of environmental investments on carbon emissions

differs across regions. These results suggest that

environmental investments by enterprises in eastern

regions mainly focus on improving carbon productivity,

and companies in western and central regions concentrate

on reducing carbon emissions.

As the eastern region is the most advanced economy in China, we

can conclude that enterprises in the eastern region focus on green

innovations in the productionprocess. Compared to the eastern region,

the environmental investments of enterprises in the central and west

regions significantly reduce carbon emissions. However, such

investments do not improve carbon productivity. These results

suggest that advanced provinces in China have achieved balance

between economic development and environmental protection.

China is undergoing a green transition in its industries, and it has

obtained substantial positive results from ESG investment. Since the

TABLE 4 Unit root test for variables and their first difference.

Variables p-value

lnco2 0.5795

FD.lnco2 0.0000

C1 1.0000

FD.C1 0.0000

C2 0.0000

FD.C2 0.0000

ESG 0.8962

FD.ESG 0.0000

TEC 0.7121

FD.TEC 0.0000

PGDP 0.7846

FD.PGDP 0.0000

COMs 0.9998

FD.COMs 0.0000

Open 0.0005

FD.Open 0.0000

TABLE 5 Cointegration test.

Method Inspection form Statistic p-value

Dependent variable: CO2

Modified Dickey–Fuller t 3.8493 0.0001

Kao test Dickey–Fuller t 2.3227 0.0101

Augmented Dickey–Fuller t 2.6959 0.0035

Dependent variable: CP

Method Inspection form Statistic p-value

Modified Dickey–Fuller t 4.9670 0.0000

Kao test Dickey–Fuller t 5.9080 0.0000

Augmented Dickey–Fuller t 5.5962 0.0000

Dependent variable: CEI

Method Inspection form Statistic p-value

Modified Dickey–Fuller t 4.3822 0.0000

Kao test Dickey–Fuller t 2.8662 0.0021

Augmented Dickey–Fuller t 4.5282 0.0000

TABLE 6 The effect of ESG total investments on carbon emissions.

CO2 CP CEI

ESG −0.262** 0.247 −0.519*

(−2.14) (0.74) (−1.87)

TEC 0.016 −0.208** −0.145**

(0.55) (−2.55) −2.16)

PGDP −0.083 1.519*** −0.825***

(−0.83) (5.55) (−3.65)

COMs 0.852*** −0.632** 1.042***

(9.29) (−2.52) (5.04)

Open −0.001 −0.061 −0.060*

(−0.09) (−1.60) (−1.92)

Constant 3.926*** −8.122** 4.639*

(3.32) (−2.51) (1.74)

Individual FE Yes Yes Yes

Time FE Yes Yes Yes

Observations 180 180 180

R-square 0.580 0.602 0.775

Notes: *, **, and *** indicate significance level at the 10%, 5%, and 1% respectively.

3 China National Bureau of Statistics Information Disclosure (stats.
gov.cn)
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TABLE 7 The effect of Environmental, Social, and Governance investments on carbon emissions.

CO2 CP CEI CO2 CP CEI CO2 CP CEI

Environment −0.246*** 0.243 −0.558***

(−2.83) (1.01) (−2.86)

Social −0.111 0.067 −0.176

(−1.05) (0.24) (−0.69)

Governance −0.034 −0.041 −0.013

(−0.44) (−0.55) (−0.07)

TEC 0.022 −0.213*** −0.133** 0.018 −0.165** −0.184*** 0.017 −0.008 −0.185***

(0.74) (−2.62) (−2.01) (0.62) (−2.20) (−2.65) (0.57) (−0.27) (−2.65)

PGDP −0.076 1.512*** −0.804*** −0.089** 0.712*** −0.136 −0.094** −0.094** −0.144

(−0.77) (5.53) (−3.62) (−2.36) (7.31) (−1.50) (−2.50) (−2.57) (−1.61)

COMs 0.856*** −0.636** 1.056*** 0.896*** −0.788*** 0.927*** 0.883*** 0.890*** 0.910***

(9.45) (−2.54) (5.19) (9.69) (−3.30) (4.19) (9.55) (9.91) (4.12)

Open 0.001 −0.063* −0.057* 0.006 −0.075** −0.078** 0.007 0.001 −0.075**

(0.04) (−1.66) (−1.85) (0.42) (−2.12) (−2.35) (0.48) (0.06) (−2.28)

Constant 3.688*** −7.919** 4.301* 2.889*** 2.884 −2.554 2.749*** 5.226*** −2.958

(3.25) (−2.52) (1.68) (3.22) (1.24) (−1.19) (2.98) (5.84) (−1.34)

Individual effect Yes Yes Yes Yes Yes Yes Yes Yes Yes

Time effect Yes Yes Yes Yes Yes Yes Yes Yes Yes

Observations 180 180 180 180 180 180 180 180 180

R-squared 0.590 0.604 0.782 0.585 0.649 0.751 0.582 0.632 0.750

Notes: *, **, and *** indicate significance level at the 10%, 5%, and 1% respectively.

TABLE 8 The effect of regional environmental investments on carbon emission in the East, Middle, and West regions.

East Middle West

CO2 CP CEI CO2 CP CEI CO2 CP CEI

Environment −0.104 1.730** 0.118 −0.329* −0.013 −1.044** -0.411*** 0.296 −0.631*

(-0.45) (2.13) (0.40) (−1.96) (−0.06) (−2.26) (−2.91) (1.47) (−1.81)

TEC 0.070 −0.233 −0.058 −0.012 0.047 0.168 −0.000 −0.189*** −0.252**

(1.08) (−1.03) (−0.69) (−0.22) (0.65) (1.12) (−0.01) (−2.76) (−2.12)

PGDP −0.217 2.423*** 0.084 0.007 1.104*** −1.212*** 0.179 0.747** −1.048*

(−1.01) (3.21) (0.30) (0.05) (6.16) (−3.28) (0.84) (2.45) (−1.99)

COMs 0.773*** −1.795* 0.367 0.884*** −0.642*** 1.235*** 1.037*** −1.272*** 0.471

(2.89) (−1.92) (1.07) (8.26) (−4.50) (4.19) (4.94) (−4.24) (0.91)

Open 0.026 −0.118 0.026 −0.017 0.016 0.003 −0.019 −0.014 −0.055

(0.42) (−0.56) (0.34) (−0.43) (0.31) (0.03) (−1.04) (−0.53) (−1.20)

Constant 4.772 −11.654 4.301* 3.408** −5.432*** 5.698 0.102 4.995 13.789*

(1.65) (−1.15) (1.68) (2.57) (−3.07) (1.56) (0.03) (1.11) (1.78)

individual effect Yes Yes Yes Yes Yes Yes Yes Yes Yes

time effect Yes Yes Yes Yes Yes Yes Yes Yes Yes

Observations 72 72 72 54 54 54 54 54 54

R-squared 0.515 0.650 0.851 0.796 0.850 0.836 0.649 0.832 0.844

Notes: *, **, and *** indicate significance level at the 10%, 5%, and 1% respectively.
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effect of ESG investments is different across regions, environmental

economic policies should take into account the levels of economic

development.

5 Conclusion

In 2021, the Chinese government put forward the goal of

“achieving carbon peak by 2030 and carbon neutrality by 2060”.

The requirements of sustainable development have changed the idea

of “high pollution, high economic development”, and have been

forcing green transition to enterprises.

This study investigates the impact of ESG investments by

Chinese listed firms on carbon emissions. We find that Chinese

enterprises’ ESG investments significantly reduce carbon

emissions, but the effect differs across regions. Enterprises in

the eastern region focus on improving their carbon productivity.

In the central and western regions, firms concentrate on reducing

the amount of carbon emissions.

Overall, China still has a long way to go to meet its climate

change targets. The responsibility for reducing carbon

emissions requires technological progress in the production

process, which has not been realized in the current stage. Future

research could focus on specific industries, and investigate the

mechanism of how ESG investments can reduce carbon

emissions.
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