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Abstract
This study uses corporate data to explore the relationship between CSR and environmental emissions. It aims to fill 
the knowledge gap by using the Chinese context to investigate the role of CSR indicators and female directors in 
CSR’s relationship with environmental emissions. The results show that CSR’s effect on environmental emissions is 
not very strong. Moreover, one can observe that it is only the social aspects of CSR that moderate this relationship, 
while the presence of female directors specifically moderates the association between CSR and sulfur emissions. These 
revelations could be very useful for policymakers seeking to improve the performance of CSR and also for 
management policies aimed at reducing environmental emissions from companies.
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1. Introduction
The world is currently grappling with a myriad of environmental challenges that pose 

significant threats to the planet and its inhabitants. However, one of the most pressing 
environmental challenges is climate change, driven primarily by greenhouse gas emissions. Hence, 
the Intergovernmental Panel on Climate Change (IPCC) warns that rising global temperatures will 
lead to severe consequences, including more frequent and intense heat waves, extreme weather 
events, and rising sea levels (IPCC, 2021). Besides this, the impacts on ecosystems, food security, 
and human health are immense. Likewise, the loss of biodiversity is another critical issue facing 
the world, and human activities such as deforestation, habitat destruction, and pollution have led 
to a rapid decline in species populations (Scanes, 2018). This biodiversity loss has far-reaching 
consequences, including the disruption of ecosystems, reduced resilience to environmental 
changes, and the potential loss of valuable genetic resources. Similarly, environmental pollution, 
particularly air and water pollution, poses significant challenges. Also, the World Health 
Organization (WHO) estimates that 4.2 million premature deaths occur annually due to outdoor 
air pollution (Vohra et al., 2021). Moreover, water pollution affects marine and freshwater 
ecosystems, impacting biodiversity, human health, and economic activities reliant on clean water 
sources (Prakash, 2021).

Even though environmental issues are related to all countries however, China's greenhouse 
gas emissions have reached alarming levels, significantly contributing to global climate change. 
According to data from the Global Carbon Atlas, China is the world's largest emitter of carbon 
dioxide (CO2), accounting for approximately 28% of global emissions in 2020 (Z. Liu et al., 2022). 
It should be noted that this is more than the combined emissions of the United States, the European 
Union, and India (Friedlingstein et al., 2022). There are several factors which contribute to China's 
high greenhouse gas emissions including rapid industrialization, extensive coal consumption, and 
a growing population have fueled the country's economic growth but also led to increased 
emissions. The reliance on coal for energy production, particularly in power plants, is a major 
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source of CO2 emissions. China's expanding transportation and manufacturing industries also 
generate significant greenhouse gas emissions. The scale and pace of China's emissions growth 
are alarming due to their impact on global climate change. Rising CO2 levels contribute to the 
greenhouse effect, resulting in higher global temperatures and associated consequences such as 
extreme weather events, sea-level rise, and ecosystem disruption (Dandotiya & Sharma, 2020). 
These effects are detrimental to China and have wide-ranging implications for the entire planet.

Recognizing the situation's urgency, China has taken steps to address its emissions. The 
country has committed to peaking its carbon emissions by 2030 and achieving carbon neutrality 
by 2060 (Zhao et al., 2022). Implementing renewable energy sources, such as solar and wind 
power, and promoting energy efficiency measures are part of China's efforts to transition to a low-
carbon economy (Okoh & Okpanachi, 2023). However, the sheer magnitude of China's emissions 
and the need for rapid and substantial reductions pose a significant challenge. Global cooperation 
and sustained efforts from China and other nations are crucial in mitigating the alarming situation 
and achieving the necessary emissions reductions to combat climate change effectively.

Previous studies focused on solutions to excessive GHG emissions and advised some 
meaningful solutions. In this regard, (Peng et al., 2022) suggest that green financing is the best 
solution for firms to reduce carbon emissions. Another study by (Ding et al., 2020) asserts that 
firms' excessive GHG emissions can be controlled through a carbon tax. From the point of view 
of (Forslid et al., 2011), technology can be used by firms to reduce carbon emissions. However, 
according to (K. H. Lee & Min, 2015), eco-innovation is the most viable solution for firms that 
want to reduce emissions. However, it is also a fact that the problem of emissions at the firm level 
is still prevailing. Hence, we will provide some practical solutions to be added to the existing 
literature. 

Based on the above discussion, the current study has the following major contributions: 
Firstly, previous studies used firm-level carbon emissions, whereas this study is the first to use 
firm-level sulfur, nitrogen, and phosphorus emission. Utilizing firm-level sulfur, nitrogen, and 
phosphorus emissions data is crucial for targeted policy interventions, fostering accountability and 
transparency, facilitating performance benchmarking, optimizing resource allocation and 
efficiency, and tracking environmental progress. By employing this data, policymakers, regulators, 
and companies can work collaboratively to achieve sustainable and environmentally responsible 
business practices. Secondly, this is the first study to use firm-level CSR indicators (CSR, CSDR 
consumer, CSR environment, and CSR social) to investigate firm-level emissions. Measuring and 
monitoring a company's carbon footprint is an essential CSR indicator. This includes quantifying 
the greenhouse gas emissions generated by the organization's operations, supply chain, and product 
lifecycle. Companies can identify emission hotspots and implement targeted reduction strategies 
by understanding their carbon footprint. Also, increasing the share of renewable energy in a 
company's energy mix is an effective CSR indicator for emissions reduction. Setting targets for 
renewable energy consumption or investing in on-site renewable energy generation can help 
organizations transition to cleaner energy sources and reduce reliance on fossil fuels. The current 
study examines the firm director's role in managing environmental emissions. Research suggests 
that women, on average, exhibit greater environmental awareness and concern than men. Female 
directors bring diverse perspectives and values to boardroom discussions, which may include a 
stronger focus on sustainability and environmental stewardship (Galletta et al., 2022). Their 
perspectives can influence decision-making processes and foster a greater commitment to 
emissions reduction.
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Hence, the current study intends to fulfill the following objectives:
1- Examine the role of CSR in minimizing sulfur, nitrogen, and phosphorus emissions.
2- Examine the role of CSR consumers in minimizing sulfur, nitrogen, and phosphorus 

emissions.
3- Examine the role of the CSR environment in minimizing sulfur, nitrogen, and phosphorus 

emissions.
4- Examine the role of CSR social in minimizing sulfur, nitrogen, and phosphorus emissions.
5- Investigate the significance of directors' role in countering firm-level environmental 

challenges.
6- Investigate the significance of female directors' role in countering firm-level environmental 

challenges.
The structure of the paper consists of distinct sections, beginning with a literature review 

that provides an overview of existing research on the topic. Following the literature review, the 
paper describes the data sources used and outlines the variables employed in the study. This section 
also elucidates the methodology applied to analyze the data. The next part presents the analysis 
findings and engages in a detailed discussion of the results. Finally, the paper summarizes the key 
findings and offers recommendations based on the research work.
2. Literature Review
2.1. Firm-Level Analysis of the Environment

Few studies explore environmental emissions at the firm level. In this regard, (Wang et al., 
2023) tried to check the impact of political connections on firm-level carbon emissions. Their 
analysis suggests that political connections promote emissions in the sample firms. Another study 
by (Alam et al., 2022) investigated if the firm's cash holdings can affect its emissions. Their results 
proved that firms with high cash holdings also have higher emissions. However, they also suggest 
that firms with low leverage as well as lower financial constraints are under more pressure in this 
sense. Likewise, (X. Liu et al., 2021) explored if firm-level emissions can be affected by the 
sustainable development goals in China. Their results confirm that in China, carbon emission is 
significantly reduced through energy conservation and reduction in energy consumption under 
sustainable development goals. In the same line, (C. C. Lee et al., 2022) checked if the green credit 
policy affects highly polluting firms' carbon emissions. They assert that in these companies, green 
credit policy has significantly reduced their carbon emission. 
2.2 .Impact of CSR on the Environment 

The impact of Corporate Social Responsibility (CSR) on the environment has been a topic 
of significant interest and research in recent years. This literature review provides an overview of 
studies that have examined the relationship between CSR and environmental outcomes. There are 
several studies which highlighted the positive impact of CSR practices on environmental 
performance. Also, research has shown that firms implementing environmental management 
systems, such as ISO 14001 certification, tend to achieve better environmental outcomes (Biscotti 
et al., 2018). Additionally, these systems help organizations formalize and enhance their 
environmental management practices, leading to reduced resource consumption, waste generation, 
and emissions. Moreover, there are studies which explored the association between CSR disclosure 
and environmental performance. According to these studies, firms that voluntarily disclose their 
environmental practices and performance are often seen as more transparent and accountable, 
leading to improved environmental performance (Mungai et al., 2020). Because, such disclosure 
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acts as a signal to stakeholders, including consumers, investors, and regulators, indicating a 
commitment to environmental sustainability.

It is worth mentioning that in addition to directly impacting environmental performance, 
CSR initiatives can shape stakeholders' attitudes and behaviors towards the environment. Also, 
research has shown that companies engaging in CSR activities related to the environment can 
influence consumer perceptions and purchasing decisions (Swaen et al., 2021). Additionally, 
consumers are more likely to support and purchase products or services from companies that 
demonstrate environmental responsibility. Moreover, the impact of CSR on the environment 
extends beyond individual firms. Studies have explored the influence of CSR practices on 
industry-level environmental outcomes. For instance, firms within industries with higher levels of 
CSR engagement tend to exhibit lower pollution levels and environmental impacts 
(Amores‐Salvadó et al., 2023). This suggests that industry-wide CSR initiatives and 
collaborations can improve environmental performance and sustainability across sectors. While 
most studies indicate a positive relationship between CSR and environmental outcomes, some 
research has identified certain contextual factors that may moderate this relationship. Factors such 
as firm size, industry characteristics, and the regulatory environment can influence the 
effectiveness of CSR initiatives in mitigating environmental impacts (Secinaro et al., 2020).
2.2. Impact of Directors on the Environment

Directors play a pivotal role in shaping the environmental impact of organizations through 
their decision-making processes and strategic planning. Numerous studies have highlighted the 
importance of board composition in influencing environmental outcomes. For instance, research 
(Naciti, 2019) found that the presence of independent directors positively correlates with better 
environmental performance. Independent directors bring diverse perspectives and are more likely 
to challenge management decisions, leading to improved environmental stewardship. Board 
diversity, particularly gender, has also been associated with positive environmental outcomes. A 
study by (Elmagrhi et al., 2019) demonstrated that companies with more women on their boards 
tend to have stronger environmental management systems and better environmental performance. 
This suggests that gender diversity in boardrooms can contribute to more comprehensively 
considering environmental issues.

The expertise of directors is another crucial factor in determining their impact on the 
environment. Research by (Masud et al., 2018) revealed that boards with directors possessing 
environmental expertise are more likely to adopt sustainable practices and prioritize environmental 
concerns. Such directors bring valuable knowledge and experience, enabling the board to make 
informed decisions that align with environmental objectives. Board structures and processes also 
influence environmental outcomes. A study by (Berrone et al., 2017) found that organizations with 
dedicated environmental committees on their boards exhibit better environmental performance. 
Environmental committees oversee and advise on environmental matters, ensuring a more focused 
and systematic approach to environmental management.

Regulatory frameworks and external pressures also shape the impact of directors on the 
environment. Government regulations can incentivize directors to adopt sustainable practices and 
reduce environmental risks. Research by (Bednárová et al., 2019) indicated that stricter 
environmental regulations are associated with enhanced environmental performance among 
organizations. Furthermore, the influence of institutional factors, such as industry norms and peer 
pressure, cannot be ignored. A study (Wei et al., 2017) emphasized that environmental investment 
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is higher in companies with more female directors. Hence, the environmental performance of these 
companies is higher.

In short, this literature review suggests that few studies utilized firm-level sulfur, nitrogen, 
and phosphorus emissions as indicators of environmental emissions. Studies have used only carbon 
emissions as a proxy. Our study fills this gap by utilizing Chinese firms' firm-level sulfur, nitrogen, 
and phosphorus emissions. Also, it can be extracted from the literature that firm-level CSR 
indicators, including CSR, CSR consumer, and CSR environment, are still not explored as a 
predictor of firm-level emissions. Hence, this research gap is filled by our study. Likewise, the role 
of a firm's directors in managing firm-level environmental emissions is unexplored in the existing 
literature. Hence, we are exploring the role of the firm's director in managing environmental 
emissions.
3. Data and methodology

For this study, we used data from Chinese companies from 2007 to 2022. The financial 
data for the companies in this study were sourced from the China Stock Market & Accounting 
Research Database (CSMAR). To measure managerial myopia, the researchers utilized the 
methodology proposed by Hu et al. (2021). Additionally, to assess firms' involvement in 
sustainable growth, the study employed the corporate social responsibility (CSR) rating and its 
five sub-categories provided by Hexun.com as alternative indicators. This was done to ensure the 
robustness of the results obtained.

To clean the sample data, certain criteria were applied. Firstly, special treatment (ST) firms 
were excluded from the sample. This decision was made since ST firms are subject to stricter 
regulations, which could impact their engagement in environmental, social, and governance (ESG) 
practices as well as managerial decision-making. Financial firms were also excluded from the 
sample due to their unique business operations and financial reporting, which may not be directly 
comparable to non-financial firms. Lastly, firms with debt exceeding their total assets were 
removed to ensure the inclusion of financially stable firms more likely to engage in sustainable 
activities. Following these exclusions, an unbalanced panel dataset comprising 283 firms spanning 
2007 to 2022 was obtained.
3.1. Theoretical Reasoning

Corporate Social Responsibility (CSR) minimizes environmental emissions through 
various channels. Firstly, CSR encourages companies to adopt sustainable practices and 
technologies. Companies can effectively reduce their environmental emissions by investing in 
energy-efficient technologies, optimizing resource consumption, and reducing waste generation 
(Oloruntobi et al., 2023). Secondly, CSR promotes implementing robust environmental 
management systems (EMS) (Yousaf et al., 2021). An EMS provides a structured framework for 
identifying, monitoring, and managing environmental aspects within an organization. By 
integrating EMS, companies can track and reduce emissions, manage waste effectively, and 
continuously improve their environmental performance (Daddi et al., 2011). Thirdly, CSR drives 
companies to innovate in their products and processes. Because, by investing in research and 
development, companies can create innovative, environmentally friendly products and develop 
cleaner production technologies (K. H. Lee & Min, 2015). Furthermore, CSR initiatives encourage 
companies to collaborate with stakeholders, including suppliers, customers, and local 
communities, to work collectively towards environmental sustainability (Parviainen et al., 2018). 
Hence, these collaborative efforts can lead to shared goals, knowledge sharing, and the 
development of sustainable supply chains. It can be said that overall, CSR is a powerful driver for 
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companies to minimize environmental emissions by promoting sustainable practices, 
implementing effective management systems, fostering innovation, and encouraging stakeholder 
collaboration.

It is also a fact that directors, particularly females, play a significant role in minimizing 
environmental emissions through various channels. In this regard, research has shown that gender-
diverse boards are more likely to prioritize environmental sustainability and engage in 
environmentally responsible decision-making (Issa, 2023). Female directors bring diverse 
perspectives, skills, and experiences that contribute to better environmental outcomes. Their 
presence on boards enhances corporate governance practices and fosters a more careful 
consideration of environmental issues. Female directors have been found to positively influence 
environmental strategies, promote sustainable practices, and improve environmental performance 
(Glass et al., 2016).

Furthermore, female directors tend to have higher levels of environmental awareness (Issa 
et al., 2022). They are more likely to champion corporate social responsibility initiatives, including 
those aimed at reducing environmental emissions. Overall, female directors on boards are a 
valuable asset in driving environmental sustainability and minimizing emissions through their 
unique perspectives, expertise, and commitment to CSR.
Models:
Sulfurit = ρ0 + ρ1CSRit + ρ2Directorsit + ρ3Goodwillit + ρ4RDit + ρ5BMit

+ ρ6Cashit + εit
Eq-1

Nitrogenit = ρ0 + ρ1CSRit + ρ2Directorsit + ρ3Goodwillit + ρ4RDit + ρ5BMit
+ ρ6Cashit + εit

Eq-2

Phosphorusit
= ρ0 + ρ1CSRit + ρ2Directorsit + ρ3Goodwillit + ρ4RDit + ρ5BMit
+ ρ6Cashit + εit

Eq-3
Dependent variables used in this study are sulfur, nitrogen, and phosphorus emissions in 

selected Chinese firms. The explanatory variable used in this study is corporate social 
responsibility. The management variable used in this study is directors, measured as the number 
of directors in the firm. There are two moderating variables used in this study. The first moderating 
variable is different measures of CSR, including CSR_Consumer, CSR_Environment, and 
CSR_Social. The second moderating variable used in this study is female directors. Some variables 
can affect the emissions and are used in this study. These control variables are the firm's goodwill, 
research and development, book-to-market value, and cash position at the end of the year.
4. Results
4.1. Descriptive

Table 1 provides the results of descriptive statistics. The highest mean value is for cash, 
whereas the lowest mean is for female directors. In terms of volatility, research, and development 
proved to be highly volatile, but directors are the least volatile. 
Table 1: Descriptive statistics
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Variable Obs Mean Std. Dev. Min Max
Sulfur 160 6.939 0.346 6.190 7.440
Nitrogen 160 7.317 0.348 6.604 7.829
Phosphorus 160 6.426 0.355 5.690 6.934
CSR 160 3.062 1.189 -2.996 4.331
CSR_Consumer 160 2.535 0.218 1.946 3.135
CSR_Environment 160 2.558 0.466 1.609 3.416
CSR_Social 160 1.746 1.183 -3.912 3.109
Directors 160 2.214 0.094 1.992 2.485
Female_Directors 160 -0.037 0.513 -2.079 2.963
Goodwill 160 18.664 2.563 10.228 23.476
RD 160 18.379 4.342 -1.682 30.340
BM 160 -0.286 0.497 -1.176 1.081
Cash 160 21.566 1.176 19.317 24.753

4.2. Correlation Analysis
The correlation results presented in the table provide insights into the relationships among 

the variables. Firstly, sulfur, nitrogen, and phosphorus exhibit strong positive correlations, 
suggesting a close association between emissions of these gasses. This finding indicates that one 
of these may indicate changes in the others. When it comes to Corporate Social Responsibility 
(CSR) shows weak positive correlations with sulfur, nitrogen, and phosphorus, indicating a slight 
relationship between CSR and these elements. However, CSR demonstrates a moderate positive 
correlation with CSR_Consumer and CSR_Environment, implying a stronger association between 
CSR and consumer and environmental aspects of social responsibility.

Female_Directors positively correlate with sulfur, nitrogen, phosphorus, and goodwill. 
This suggests that the presence of female directors might be associated with higher levels of these 
variables. It highlights the potential influence of gender diversity in the decision-making processes 
and strategic choices within organizations. Furthermore, variables like goodwill, research and 
development, book-to-market value, and cash exhibit positive correlations. This indicates a 
potential relationship between these factors, implying that higher levels of goodwill, research and 
development investments, book-to-market value, and cash might be associated with one another.
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Table 2: Correlation
 Sulf

ur
Nitrog

en
Phosph

orus CSR CSR_Cons
umer

CSR_Enviro
nment

CSR_So
cial

Direct
ors

Female_Dire
ctors

Good
will RD BM Cas

h

Sulfur 1.00
0

Nitrogen 0.99
4 1.000

Phosphorus 0.98
7 0.987 1.000

CSR 0.03
5 0.038 0.050 1.00

0

CSR_Consu
mer

-
0.12

9
-0.115 -0.113 0.14

8 1.000

CSR_Enviro
nment

0.08
1 0.084 0.079

-
0.02

0
0.182 1.000

CSR_Social 0.00
2 0.007 0.000 0.55

4 0.067 -0.278 1.000

Directors
-

0.42
8

-0.431 -0.418 0.18
4 0.404 0.250 -0.016 1.000

Female_Dire
ctors

0.21
9 0.221 0.212 0.07

7 -0.175 -0.064 0.041 -0.226 1.000

Goodwill 0.54
3 0.547 0.550 0.24

2 0.125 0.303 0.002 0.253 0.288 1.000

RD 0.17
5 0.175 0.177 0.03

5 -0.338 0.115 -0.062 -0.031 0.183 0.273 1.0
00

BM
-

0.28
2

-0.281 -0.290 0.06
2 0.139 0.198 0.013 0.538 -0.128 0.138 0.1

36
1.0
00

Cash 0.20
8 0.217 0.215 0.07

9 0.219 0.411 -0.157 0.594 0.017 0.636 0.2
29

0.4
89

1.0
00
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4.3. Hausman Test
The Hausman test results are presented in Table 3. The chi-square statistic is calculated for 

each model (Model 1, Model 2, and Model 3), and the corresponding p-values are provided. The 
p-value for each model is reported as 0.000, which means that the p-value is less than 0.05 
(assuming a significance level of 0.05). This indicates strong evidence to reject the null hypothesis 
that the random effects model is consistent and efficient in favor of the alternative hypothesis that 
the fixed effects model is more appropriate. Based on these results, the fixed effects method should 
be used for estimations in this context. The fixed effects model considers individual-specific 
effects, providing more accurate and reliable parameter estimates. The significant p-values suggest 
that the individual-specific effects are significant and cannot be ignored, reinforcing the need for 
the fixed effects model to capture these effects appropriately.
Table 3: Hausman test
Hausman  Model 1  Model 2  Model 3
chi2 60.500 64.760 66.250
p-value  0.000  0.000  0.000
Notes: The p-value is less than 0.05, however, the fixed effect method is the appropriate for 
estimations

4.4. Baseline Regression
The results from the baseline regression estimation using the fixed effect method (Model 

1, Model 2, and Model 3) are presented in Table 4. Regarding the variable CSR (Corporate Social 
Responsibility), the coefficients are 0.004, 0.007, and 0.008 for Model 1, Model 2, and Model 3, 
respectively. However, none of these coefficients are statistically significant at conventional levels 
(p>0.05). Therefore, including additional variables in the models did not yield a significant 
relationship between CSR and the dependent variable. The variable directors consistently show a 
negative coefficient in all three models. The coefficients are -2.797, -2.857, and -2.808 for Model 
1, Model 2, and Model 3, respectively. Moreover, these coefficients are statistically significant at 
the p<0.001 level, indicating that an increase in directors is associated with a decrease in the 
dependent variable.

Goodwill demonstrates a positive relationship with the dependent variable. The 
coefficients are 0.072, 0.072, and 0.075 for Model 1, Model 2, and Model 3, respectively. These 
coefficients are statistically significant at the p<0.001 level, suggesting that higher levels of 
goodwill are associated with an increase in the dependent variable. For the variables RD (Research 
and Development) and BM (Book to Market value), the coefficients are not statistically significant 
in any of the models, indicating that these variables do not have a significant relationship with the 
dependent variable. Finally, the variable cash shows a positive relationship with the dependent 
variable. The coefficients are 0.237, 0.245, and 0.259 for Model 1, Model 2, and Model 3, 
respectively. These coefficients are statistically significant at the p<0.001 level, indicating that 
higher cash levels are associated with an increase in the dependent variable.
Table 4: Baseline regression estimation through fixed effect method
 Model 1 Model 2 Model 3
CSR 0.004 0.007 0.008
Directors -2.797*** -2.857*** -2.808***
Goodwill 0.072*** 0.072*** 0.075***
RD 0.006 0.006 0.007
BM -0.041 -0.048 -0.042
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Cash 0.237*** 0.245*** 0.259***
Constant 6.517** 6.861** 5.490** 
N 160 160 160
Notes: * p<0.05, ** p<0.01, *** p<0.001

4.5. Examining the Presence of Non-linearity
The non-linear model is run to check if there is a non-linear relationship between CSR and 

GHG emissions, and the results are reported in Table 5. Here a new variable, CSR-Square (CSR2), 
is added to the equation. The coefficient of CSR-square is insignificant in all models, suggesting 
that there is no evidence of non-linearity and a linear relationship between CSR and GHG 
emissions.
Table 5: Nonlinearity 
 Model 1 Model 2 Model 3
CSR 0.040 0.047* 0.044*  
CSR_Square -0.011 -0.012 -0.011
Directors -2.823*** -2.885*** -2.834***
Goodwill 0.074*** 0.075*** 0.077***
RD 0.006 0.006 0.007
BM -0.029 -0.035 -0.030
Cash 0.230** 0.237*** 0.252***
Constant 6.710** 7.072** 5.684** 
N 160 160 160
Notes: * p<0.05, ** p<0.01, *** p<0.001

4.6. Moderating Effect of CSR Indicators
In order to check the moderating effect of CSR indicators on the association between CSR 

and environmental emissions, interaction terms are added to the equation, and the analysis results 
are provided in Table 6. Considering the moderating effect of CSR-Consumer on the association 
between CSR and sulfur emissions, it can be seen that the coefficient of the interaction term is 
insignificant, suggesting that CSR-Consumer does not moderate the association between CSR and 
Sulfur emissions. Also, CSR-Consumer has no role between the nexus of CSR and nitrogen 
emission as well as Phosphorus emission. Similarly, in the case of CSR-Environment, it also has 
no moderating role in the impact of CSR on environmental emissions. The same is true for CSR-
Social because the coefficient of interaction terms is insignificant for all environmental emissions. 
Hence, CSR indicators do not moderate the association between CSR and environmental 
emissions.
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Table 6: Moderating effect of CSR indicators on the association between CSR and environmental emissions 
  Sulfur as Dependent  Nitrogen as Dependent  Phosphorus as Dependent
CSR -0.071 -0.028 -0.005 0.020 -0.031 -0.003 -0.015 -0.006 -0.003

CSR_Consumer -0.222 -0.072 -0.134                
CSRxCSR_Consume
r 0.030 -0.005 0.009                

CSR_Environment -0.065 -0.067 -0.049                
CSRxCSR_Environ
ment 0.012 0.015 0.005                

CSR_Social 0.0458* 0.0477* 0.0369*  
CSRxCSR_Social -0.008 -0.008 -0.005

Directors

-
2.741**

*

-
2.827**

*

-
2.795**

*

-
2.822**

*

-
2.883**

*

-
2.856**

*

-
2.763**

*

-
2.840**

*

-
2.811**

*

Goodwill
0.0753*

**
0.0733*

**
0.0728*

**
0.0745*

**
0.0729*

**
0.0727*

**
0.0772*

**
0.0762*

**
0.0750*

**
RD 0.004 0.006 0.007 0.004 0.005 0.006 0.005 0.006 0.007
BM -0.039 -0.038 -0.057 -0.045 -0.048 -0.065 -0.040 -0.036 -0.055

Cash
0.234**

*
0.241**

*
0.239**

*
0.241**

*
0.249**

*
0.247**

*
0.256**

*
0.262**

*
0.262**

*

Constant 7.014** 6.669** 6.463** 7.043**
* 7.006** 6.800** 5.804** 5.628* 5.430*  

N 160 160 160 160 160 160 160 160 160
Notes: * p<0.05, ** p<0.01, *** p<0.001
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Table 7: Moderating effect of female directors on the association between CSR and environmental emissions
  Sulfur as Dependent  Nitrogen as Dependent  Phosphorus as Dependent
CSR 0.004 0.005 0.008 0.007 0.009 0.009 0.008 0.009 0.009

Directors
-

2.797**
*

-
2.860**

*

-
2.776**

*

-
2.857**

*

-
2.918**

*

-
2.917**

*

-
2.808**

*

-
2.873**

*

-
2.872**

*
Female_Directors -0.070 1.874* -0.069 -0.072                
Directors x 
Female_Directors

-
0.844** -0.031 -0.033

Goodwill 0.0728*
**

0.0787*
**

0.0733*
**

0.0727*
**

0.0785*
**

0.0785*
**

0.0751*
**

0.0811*
**

0.0812*
**

RD 0.006 0.007 0.009 0.006 0.006 0.006 0.007 0.007 0.008
BM -0.041 -0.032 -0.011 -0.048 -0.040 -0.039 -0.043 -0.034 -0.033

Cash 0.237**
* 0.238** 0.236**

*
0.245**

*
0.246**

*
0.246**

*
0.259**

*
0.260**

*
0.260**

*
Constant 6.517** 6.510* 6.433** 6.861** 6.854** 6.851** 5.490** 5.483* 5.480*  
N  160 160 160  160 160 160  160 160 160
Notes: * p<0.05, ** p<0.01, *** p<0.001
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4.7. Moderating Effect of Female Directors
The second moderating variable is female directors, and results for moderation analysis are 

presented in Table 7. The effect of directors on all emissions is significant and negative, suggesting 
that directors play a major role in reducing sulfur, nitrogen, and phosphorus emissions. However, 
the impact of female directors is only significant and negative in the case of sulfur emission. The 
same is true for the moderating effect of female directors. Because the moderating role of female 
directors is significant and negative for sulfur emissions, female directors can effectively reduce 
sulfur emissions. Still, they have no role in reducing nitrogen and phosphorus emissions.
4.8. Discussion
Examine the role of CSR in minimizing sulfur, nitrogen, and phosphorus emissions.

The results suggest that CSR has no effect on environmental emissions in Chine. In China, 
CSR's (Corporate Social Responsibility) insignificance in controlling environmental emissions can 
be attributed to various factors. Firstly, inadequate enforcement and regulation of environmental 
standards and regulations contribute to the problem (Yamineva & Romppanen, 2017). Companies 
may not face significant penalties for non-compliance, which reduces their incentive to prioritize 
emissions reduction. Inconsistent enforcement across regions and regulatory loopholes further 
hinder the effectiveness of CSR initiatives. Limited stakeholder engagement is another factor. 
Without active involvement from businesses, the government, civil society organizations, and 
local communities, CSR strategies lack the necessary support and monitoring mechanisms 
(Hamann & Acutt, 2010). This limits the impact of CSR on emissions control.

Economic priorities and growth pressures also take precedence over environmental 
concerns (Van den Bergh, 2011). China's rapid economic growth and industrialization have led 
companies to prioritize economic performance, often overlooking sustainability. Meeting 
production targets and ensuring economic stability outweigh the integration of environmental 
considerations into business operations. The prevalence of greenwashing, where companies make 
superficial or misleading claims about environmental efforts, further diminishes the effectiveness 
of CSR (Torelli et al., 2020). This undermines genuine sustainability measures and fails to address 
the root causes of emissions.
Examine the role of CSR consumers and CSR_Envirnment to minimize sulfur, nitrogen, and 
phosphorus emissions.

It is also noted that CSR_Consumer and CSR_Envirnmnet do not impact environmental 
emissions. The insignificance of CSR-consumer and CSR-environment variables in controlling 
environmental emissions in China can be attributed to several reasons. Firstly, the complex and 
fragmented nature of supply chains in China's manufacturing sector (Fan, 2021) poses challenges 
for companies to effectively implement and monitor CSR initiatives related to environmental 
emissions. With a vast network of suppliers and subcontractors, ensuring consistent adherence to 
environmental standards throughout the supply chain becomes difficult. This complexity can 
weaken the impact of CSR efforts on emissions reduction.
Additionally, enforcing environmental regulations in China may be uneven, leading to lax 
implementation and compliance. While there are regulations to control environmental emissions, 
enforcement can vary across regions, and some companies may take advantage of loopholes or 
engage in non-compliant practices. In such cases, the influence of CSR-consumer and CSR-
environment variables in controlling emissions becomes limited. Moreover, economic 
considerations and growth pressures often precede environmental concerns in China. As the 
country has experienced rapid economic growth and industrialization, companies may prioritize 
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meeting production targets and ensuring economic stability over investing in extensive CSR 
measures for emissions control.
Examine the role of CSR social in minimizing sulfur, nitrogen, and phosphorus emissions.

In the case of CSR_Social, results show that it is significantly and positively associated 
with environmental emissions. It is uncommon for CSR_Social initiatives to increase 
environmental emissions directly in China. However, there could be certain circumstances or 
factors that might inadvertently lead to this outcome. One possible reason is the misalignment or 
lack of coordination between CSR_Social initiatives and environmental goals. While CSR_Social 
activities may focus on social and community development, they may not prioritize or adequately 
address environmental concerns. This can result in companies investing heavily in CSR_Social 
initiatives while neglecting their environmental responsibilities. In such cases, the positive impact 
of CSR_Social on emissions reduction may be overshadowed by the lack of concerted efforts 
toward environmental sustainability.

Additionally, some CSR_Social activities, such as community development projects or 
infrastructure investments, may inadvertently lead to increased environmental emissions. For 
example, constructing new facilities or expanding operations to support community development 
can result in higher energy consumption and increased emissions. If the environmental impact 
assessment and mitigation measures are not properly integrated into CSR_Social initiatives, the 
net effect in environmental emissions may increase. Furthermore, there could be instances where 
companies engage in greenwashing, giving the impression of strong CSR_Social commitments 
while neglecting actual environmental performance. This can create a false perception of 
environmental responsibility and divert attention from genuine emissions reduction efforts.
Investigate the significance of directors' roles in countering firm-level environmental challenges.

The results suggest of the study suggest that directors play a vital role in countering firm-
level environmental challenges. Their role is vital in reducing firm-level environmental emissions 
by setting clear goals, implementing policies, allocating resources, monitoring progress, promoting 
innovation, engaging stakeholders, and incorporating environmental considerations into board 
decisions (Lokuwaduge & Heenetigala, 2017). Because, they establish environmental objectives, 
develop comprehensive policies, and allocate resources to support sustainability initiatives. 
Directors monitor and report on environmental performance, foster a culture of sustainability, and 
promote innovation (Khan et al., 2021). Also, they engage stakeholders to raise awareness and 
garner support for emissions reduction and by integrating environmental considerations into board 
decisions, directors ensure that sustainability remains a key priority. Hence, their leadership is 
essential in driving emissions reduction efforts and fostering a greener, more sustainable future for 
the organization.
Investigate the significance of female directors' roles in countering firm-level environmental 
challenges.

Results of the study proved that the role of female directors in countering firm-level 
environmental challenges is significant only in the case of a reduction in Sulphur emissions. 
However, they have no significance in reducing nitrogen and phosphorus emissions. The reason 
behind the significant role of female directors in reducing sulfur emissions, but their lack of 
significance in reducing nitrogen and phosphorus emissions, can be attributed to various factors. 
Since their knowledge and skills may be tied to those in particular sectors or industries more 
closely related to sulfur emissions (Lu & Herremans, 2019). Additionally, they could be 
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knowledgeable about the legislation, technology, and pollution control methods associated with 
sulfur, allowing them to reduce emissions in this sector efficiently.

Similarly, the nature of these pollutants and the businesses involved may impact the lack 
of relevance of female directors in lowering nitrogen and phosphorus emissions. In contrast to 
sulfur emissions, nitrogen, and phosphorus emissions are frequently linked to distinct sources and 
processes (Johnson et al., 2013). Additionally, sectors that contribute significantly to nitrogen and 
phosphorus emissions include agriculture, wastewater treatment, and chemical manufacturing. 
These industries may have historically been dominated by men or face unique issues that the 
presence of only female directors cannot resolve. Additionally, the overall representation of female 
directors in companies and their level of influence within decision-making processes may vary 
across different industries and regions. If female directors are underrepresented, or lack decision-
making power in sectors associated with nitrogen and phosphorus emissions, their impact on 
addressing these specific environmental challenges may be limited.
5. Conclusion

This study explores CSR's impact on environmental emissions in Chinese firms. Also, it 
explores the moderating role of CSR indicators and female directors in the nexus between CSR 
and environmental emissions. Results suggest that although CSR has no direct effect on 
environmental emissions, CSR_social has a positive impact on environmental emissions. Also, 
none of the CSR indicators moderate the nexus between CSR and environmental emissions. 
Similarly, female directors only have a negative effect on sulfur emissions. 
5.1. Policy Implication

In China, CSR is not vital to controlling environmental issues. To address this problem, 
comprehensive and stringent environmental regulations, effective enforcement mechanisms, 
increased stakeholder engagement, and a shift towards viewing environmental sustainability as 
integral to long-term success are necessary. CSR can only play a more significant role in 
controlling environmental emissions in China through these efforts. Also, to address the 
insignificance of CSR-consumer and CSR-environment variables in controlling environmental 
emissions in China, it is crucial to raise consumer awareness and demand for sustainable products, 
strengthen the enforcement of environmental regulations, enhance transparency in supply chains, 
and integrate environmental considerations more firmly into business practices. By creating a 
favorable ecosystem that encourages and rewards environmentally responsible behavior, CSR can 
significantly drive emissions reduction efforts in China.

Similarly, to avoid CSR_Social initiatives from inadvertently leading to increased 
environmental emissions in China, it is important to ensure that these activities are aligned with 
environmental goals, integrate environmental considerations into their planning and 
implementation, and undergo rigorous monitoring and evaluation. By adopting a holistic approach 
to corporate social responsibility that encompasses both social and environmental aspects, 
companies can effectively mitigate the risk of CSR_Social initiatives inadvertently contributing to 
increased environmental emissions. To address the disparity regarding the impact of female 
directors on environmental emissions, it is important to encourage diversity and gender equality 
in leadership positions across all industries. By promoting inclusivity and ensuring equal 
opportunities for women to participate in decision-making processes, their expertise and 
perspectives can be effectively utilized to tackle a wider range of environmental challenges, 
including reducing nitrogen and phosphorus emissions.
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5.2. Limitations and Future Directions
The current study has a few limitations that can be addressed in future research. The 

generalizability of the results is difficult because the study was done only in one country. Results 
may vary if the same research is repeated in another country. Hence, it is advised that the same 
type of analysis be done in other countries where environmental emissions are high. This can 
validate the results. Likewise, comprehensive data can be utilized to confirm the results further. 
Also, other methodologies can be applied to the same data so that it can be confirmed that the 
results are accurate.
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