
Introduction

Air pollution is a significant challenge for developing 
countries worldwide, severely impacting production 
and economic development [1, 2]. Since the reform 
and opening up, China has achieved remarkable 
economic progress, but extensive development has 
also led to severe air pollution problems [3, 4]. Air 
pollution exerts a significant negative impact on health, 
economic development, and social stability in China. 

According to recent data, air pollution has become 
the second-largest health risk factor in the country, 
contributing to approximately 1.24 million premature 
deaths and causing economic losses amounting  
to 54 billion dollars annually. Severe air pollution 
events, such as haze, not only endanger public health 
but also reduce productivity and disrupt transportation 
systems. Furthermore, air pollution strains the 
healthcare system, diminishes residents’ disposable 
income, and curtails spending power, thereby impeding 
economic growth and deposable social [4]. In summary, 
air pollution represents a critical public health hazard 
in China and poses substantial challenges to economic 
development and social stability. In recent years, China 
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Abstract

Air pollution influences the investment decision-making behavior of micro-enterprises within 
a region. This study empirically investigates the impact of regional air pollution on corporate green 
investment using a sample of Chinese A-share industrial listed companies from 2014 to 2022.  
The findings indicate that worsening air pollution prompts companies to undertake green investments. 
Environmental pressure from air pollution influences corporate green investment through three 
channels: local government environmental regulation, media attention, and public environmental 
supervision. Heterogeneity analysis reveals that the promoting effect of air pollution on corporate green 
investment is more significant in regions with lower marketization levels, heavily polluted industries, 
state-owned enterprises, companies with lower government subsidies, and those with lower institutional 
shareholding. This study uncovers the micro-mechanism through which air pollution impacts economic 
development, providing theoretical support and empirical evidence for local governments to formulate 
pollution control policies and achieve low-carbon economic development.
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has consistently implemented air pollution control and 
ecological environmental protection measures, achieving 
some overall improvements. However, air pollution 
still presents numerous challenges and pressures, and 
environmental protection remains a long-term task [5]. 
According to the China Ecological and Environmental 
Status Bulletin, in 2023, nearly 40.1% of 339 prefecture-
level and above cities exceeded air quality standards. 
In the first half of the year, the national average PM2.5 
concentration increased by 6.2% year-on-year; there 
were a total of 1,980 days of severe pollution, with the 
average proportion of severe and above pollution days 
at 1.6%. Additionally, there were 5 instances of haze 
and 17 instances of sandstorm weather, with the average 
number of haze days at 20.5 days and the number of 
sandstorm occurrences being the highest since 2011. 
Given the severity of the air pollution situation, the 
2024 National Ecological Environmental Protection 
Work Conference emphasized the need to “increase 
supervision and assistance for improving air quality 
in key regions and strengthen overall supervision”, 
implementing stricter control measures to promote 
continuous improvement in air quality and achieve low-
carbon economic development.

Companies are major contributors to environmental 
issues such as air pollution, and they are also key targets 
for pollution control efforts. Existing research has 
identified air quality as a significant factor influencing the 
behavior of corporate decision-makers and stakeholders. 
On the one hand, air pollution increases corporate 
compliance costs [3], causes talent loss [2], raises 
operational risks, and significantly negatively impacts 
corporate fixed asset investment [6]. Air pollution 
not only reduces corporate innovation [7], corporate 
performance [8], corporate environmental performance 
[9], and shareholder responsibility performance [10], 
but also increases the risk expectations of capital 
market participants and the uncertainty of corporate 
operations [11]. On the other hand, exposure to severe 
air pollution prompts corporate managers to implement 
green management practices to fulfill corporate 
social responsibility and enhance social responsibility  
levels [12-14], thereby improving the quality of 
environmental information disclosure [4, 15, 16], 
enhancing employee treatment [1], and increasing the 
corporate capital-labor ratio [17]. Clearly, air pollution 
has diverse impacts on the business and investment 
behaviors of micro-enterprises. However, few studies 
have examined its impact on corporate green investment 
behavior.

Corporate green investment behavior is directly 
linked to the effectiveness of environmental protection 
and low-carbon economic development [18]. Green 
investment refers to the necessary investments aimed 
at reducing greenhouse gas and air pollutant emissions 
without significantly lowering the production and 
consumption of non-energy products [19]. Although 
green investment helps curb industrial waste emissions, 
control environmental pollution, and establish a green 

corporate image, purchasing environmental protection 
equipment and investing in green technologies require 
substantial financial resources from enterprises.  
The direct returns are uncertain, leading to significant 
risks for companies undertaking green investments 
[20]. Therefore, green investment is more of a “passive 
behavior”, with companies lacking the motivation and 
intrinsic drive to engage in it [21]. As China continues 
to improve air quality and strengthen environmental 
supervision, will companies be compelled to make green 
investments to reduce pollution and achieve a green 
transformation? How will environmental regulations 
play a role in this relationship? These questions deserve 
further exploration.

Given this, we investigate the impact of air pollution 
on corporate green investment using a sample of 
Chinese A-share industrial listed companies from 2014 
to 2022. The main contributions are as follows:

Firstly, we contribute to the research on the 
economic consequences of air pollution. Air pollution 
is a significant issue in China and globally, attracting 
widespread attention and discussion across all 
sectors of society. The academic community has 
conducted extensive research on its negative economic 
consequences [7, 8, 10, 22]. In recent years, both the 
Chinese government and the public have taken numerous 
actions to address air pollution. Whether regional air 
pollution can prompt companies to implement positive 
business and investment activities has become an 
increasingly important and urgent issue. Existing 
literature has highlighted the positive impact of air 
pollution on employee treatment [1], corporate capital-
labor ratios [17], environmental information disclosure 
[4, 15, 16], and corporate environmental performance [9]. 
These aspects can encourage companies to implement 
green management practices, fulfill corporate social 
responsibility, and enhance social responsibility levels 
[12-14]. We systematically examine the impact of air 
pollution on corporate green investment behavior from 
the perspectives of formal and informal environmental 
regulation, finding that air pollution positively influences 
corporate green investment, thereby contributing to the 
existing literature on the economic consequences of air 
pollution.

Secondly, we provide a new perspective and empirical 
evidence for researching the factors influencing 
corporate green investment from the perspective of 
regional air pollution, an important external natural 
environment factor. Existing literature suggests that 
public appeal [23], institutional environment [24], 
political connections [25], environmental emissions 
charges [26], capital leverage [27], environmental 
protection tax [21], environmental law [28], economic 
growth targets [20], corporate managers’ experience 
[29], and carbon trading policies [30] can largely explain 
corporate green investment behaviors. By focusing 
on the external natural environment that corporations 
depend on, we expand and enrich the research on the 
factors influencing green investment.
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Finally, our conclusions provide valuable practical 
insights for relevant government departments to 
effectively tackle pollution and for enterprises to 
accelerate green transformation. We reveal the 
important mechanisms by which air pollution positively 
affects economic development at the micro-enterprise 
level, offering reliable empirical support for the impact 
of air pollution on corporate green investment and its 
heterogeneity. The findings deepen the understanding of 
how air pollution affects microenterprise development 
mechanisms. The conclusion not only helps to better 
understand corporate green investment behavior but also 
provides decision-making references for government 
departments to enhance environmental governance 
capabilities and achieve a win-win situation of economic 
development and environmental protection.

Theoretical Analysis and Research Hypothesis

Air pollution exerts direct pressure on corporate 
green investment. According to environmental pressure 
theory, external factors influence corporate behavior, 
compelling companies to take action. Regional air 
pollution directly impacts public health and quality 
of life [14, 22]. Serious air pollution events, such as 
haze and industrial emissions, cause respiratory and 
cardiovascular diseases, attracting significant attention 
from the government and public, with extensive media 
coverage [31]. Legitimacy theory posits that corporate 
behavior can only be sustainable if it adheres to legal 
regulations, aligns with social norms, and meets public 
expectations. As major producers, companies generate 
negative externalities that affect society, the economy, 
and other enterprises. In pursuing economic growth 
and increasing financial revenue, companies lack 
intrinsic motivation for environmental governance, 
relying more on external pressure to compel them to 
take environmental protection measures [24]. We argue 
that air pollution can attract attention and supervision 
from local governments, the media, and the public to 
corporate production and operation activities, thus 
prompting companies to increase green investment.

Firstly, air pollution can promote corporate 
green investment by strengthening local government 
environmental regulations. Air pollution is an 
environmental issue of great concern to the central 
government, with related policies clearly outlining 
the governance responsibilities of local governments, 
motivating local officials to engage in governance 
[16, 32, 33]. In China, ecological and environmental 
authorities maintain continuous oversight of cities by 
implementing dynamic air quality monitoring systems 
at the municipal level and disseminating air pollution 
data in real-time. To prevent local governments from 
resorting to short-term strategies, such as temporary 
production cuts or shutdowns in response to assessments, 
the central government mandates that local governments 
address pollution through long-term mechanisms. With 

the introduction of scientific and transparent assessment 
indicators for air pollution control and the heightened 
emphasis on air pollution prevention and control in 
performance evaluations, local officials in severely 
polluted areas are increasingly incentivized to enforce 
long-term environmental regulations on enterprises. 
Indicators such as environmental protection and 
energy conservation have become important criteria 
in evaluating the performance of local cadres [20, 34]. 
When air pollution worsens, local officials, aiming to 
maintain their reputation and promotion opportunities, 
will strengthen environmental regulation, passing 
more governance pressure onto enterprises within their 
jurisdictions and increasing the cost of environmental 
violations. This heightens the risk of companies being 
penalized and scrutinized for poor environmental 
performance [10, 35]. This compels companies to 
overcome previous shortsighted environmental 
management strategies and increase investment in green 
development to alleviate environmental pressure and 
reduce risks.

Secondly, the media, acting as an information 
intermediary and supervisor, serves as a significant 
external pressure source for enterprises to engage in 
green governance by overseeing corporate legitimacy 
issues [36]. The media possesses strong capabilities in 
extracting and processing information, integrating, and 
reporting on issues of public concern comprehensibly. 
Given the profit-driven nature of media reports, they 
tend to prioritize news that captures public attention.  
In the context of the central government’s strong 
emphasis on air pollution control, the media have greater 
incentive and opportunity to report on related issues, 
thereby enhancing their role in pollution monitoring. 
Air quality is a topic of widespread public interest, and 
the news media play a “sensationalizing” role in air 
pollution matters. Negative news coverage can attract 
public attention and criticism, increasing the likelihood 
of government regulatory intervention, thus affecting 
corporate operations and damaging the corporate 
image and reputation [37]. Media coverage exerts 
significant public pressure on the involved companies 
[38], increasing the reputational cost of corporate 
environmental pollution behaviors. Consequently, 
companies are compelled to take measures to protect 
their corporate image, bolster their reputation, and 
promote green development through investments in 
sustainable practices, such as green behaviors and 
management.

Finally, air pollution can promote corporate 
green investment through public environmental 
supervision. The public is a crucial stakeholder, and 
companies must continually meet public expectations 
and demands in their operations. As direct victims of 
environmental pollution, the public is motivated to 
exercise its supervisory role [39]. Institutional theory 
asserts that social groups can substantially influence 
corporate behavior, with the pressure for environmental 
legitimacy emerging as a key driver of green corporate 
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governance. Air pollution negatively affects the public 
physiologically and psychologically, arousing attention 
and anger from the news, media, and local communities. 
Persistent health and economic inequalities caused by 
prolonged exposure to air pollution have prompted the 
local public to demand higher air quality and actively 
monitor the polluting activities of firms in their region. 
This heightened scrutiny significantly increases the 
likelihood of detecting corporate environmental 
violations and raises the cost of such violations [40]. 
To protect their interests, the public is highly sensitive 
to corporate polluting behavior and uses the Internet 
and other platforms to voice environmental protection 
concerns and monitor corporate polluting practices [41]. 
The local public can file complaints and lawsuits with 
government departments to demand stricter regulations 
and penalties for polluting companies and expose 
corporate violations to the news media, increasing 
the likelihood and the cost of corporate misconduct 
being discovered [23]. Under the pressure of public 
opinion and moral condemnation, corporate image and 
operations suffer. To maintain environmental legitimacy 
and shape a green corporate image, companies are 
motivated to increase green investment, achieve green 
production, and build green core competitiveness [6, 19].

Based on the above theoretical analysis, we propose 
the following research hypothesis:

H1: All else being equal, air pollution prompts 
corporate green investment.

Research Design

Sample Selection and Data Sources

To address the evolution and intensification of air 
pollution issues, China’s Ministry of Environmental 
Protection introduced a new Air Quality Index (AQI) in 
2013, following the newly issued “Ambient Air Quality 
Standards”. As 2014 marked the first year of systematic 
air pollution monitoring, we selected the period from 
2014 to 2022 as the sample study period, focusing on 
A-share listed companies in high-pollution industrial 
sectors. We match the daily air quality data of each 
prefecture-level city to the company level based on 
the city of registration for each company. The sample 
selection criteria are as follows: (1) exclude financial 
industry data; (2) exclude samples with missing relevant 
variables; (3) exclude ST and ST* samples. The results 
are a final sample consisting of 15,547 company-year 
observations.

The data on corporate air pollution is sourced 
from the CNRDS database, while the data on green 
investment and other financial data is sourced from the 
CSMAR database. Green investment data is manually 
collected from the “Construction in Progress” detail 
accounts in the annual reports of listed companies, 
filtering out amounts related to green environmental 
protection projects. The data on urban GDP per capita 

comes from the China Urban Statistical Yearbook. To 
control the influence of extreme values, we winsorize 
the upper and lower 1% of continuous variables.

Variable Definition

Dependent Variable: Green Investment (GI)

According to the definition of green investment by 
[18], all capital expenditures related to environmental 
protection are included in the corporate green 
investment. Following the methods of [19], we download 
the financial statement notes on the construction 
in progress of A-share industrial listed companies 
from the CSMAR database. Using text analysis and 
machine learning, we extract investment expenditure 
items related to pollution prevention, ecological 
environment management, and green production, such 
as desulfurization and denitrification, sewage treatment, 
energy conservation, dust removal, waste gas and 
waste residue treatment, environmental management, 
ecological restoration, and cleaner production.  
The annual amount of green investment by enterprises 
is then aggregated. To improve the readability of the 
regression coefficients and account for the relatively 
small amount of green investment after scaling, we 
standardize the scale of green investment based on 
total assets at the end of the year and then multiply it 
by 100 to measure the corporate green investment (EI).  
A larger value indicates a higher level of corporate green 
investment, and vice versa.

Independent Variable: Air Pollution (AQI) 

Drawing on the research of [2] and [8], we use 
the average air quality index (AQI) in each region to 
measure the air pollution level. The AQI is constructed 
based on six air pollutants: ozone (O3), sulfur dioxide 
(SO2), carbon monoxide (CO), nitrogen dioxide (NO2), 
and particulate matter with aerodynamic diameters less 
than 10 mm and 2.5 mm (PM10 and PM2.5). A higher 
AQI indicates poorer air quality, i.e., more severe air 
pollution.

Control Variables (Controls)

Referring to previous literature, we primarily 
select control variables from the levels of enterprise 
financial status, corporate governance, and regional 
characteristics. First, for corporate financial status, we 
include financial leverage (Lev), firm growth (Growth), 
profitability (ROA), cash flows from operating activities 
(Cflow), firm size (Size), and firm age (Age). Second, for 
the internal corporate governance, we include board size 
(Board), percentage of independent directors (Indep), 
and shareholding concentration (Shrcr). Third, for the 
external regional characteristics, we control regional 
economic development (per GDP). Additionally, to 
mitigate the impact of unobservable variables on  
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and the minimum and maximum values are 32.0904 and 
121.2493, respectively. This shows significant differences 
in air pollution levels among the sample cities.  
The statistical distribution of other variables is 
reasonable and highly consistent with the existing 
literature.

Analysis of Baseline Regression Results

Table 3 presents the test results of the baseline 
regression model. As shown in column (1) of Table 
3, the regression results, which only control for year 
and firm fixed effects, indicate that the coefficient of 
air pollution (AQI) is 0.0339, significant at the 10% 
level. In column (2), after adding firm-level control 
variables, the coefficient of air pollution (AQI) is 
0.0368, significantly positive at the 5% level. In terms of 
economic significance, a one standard deviation increase 
in the AQI leads to an average increase of 2.3906 
units (=0.0368*64.9608) in green investment by firms. 
Considering that the mean value of green investment in 
the sample is 8.5570, this implies that an increase of one 
standard deviation in the AQI results in approximately 
a 27.94% (=2.3906/8.5570) rise in green investment, 
underscoring the substantial economic impact of air 
quality on corporate environmental behavior. This 
suggests that the worsening of air pollution prompts 
companies to increase green investment, thereby 
verifying the research hypothesis H1. Regional air 
pollution increases the external environmental pressure 
faced by companies, compelling them to increase green 
investment to promote the development of a low-carbon 
economy. Simultaneously, companies are incentivized 
to alleviate external pressures and pursue long-term 
growth opportunities through green investments.

the conclusions, we control for firm (Firm) and year 
(Year) fixed effects in the regression. The specific 
variable definitions are detailed in Table 1.

Model Design

To investigate the impact of air pollution on 
corporate green investment, we construct the following 
baseline regression model:

	(1)

where GI is the green investment of company i in year 
t, AQI is the average value of the air quality index of 
the city where company i is located in year t, Controls 
are the control variables, Firmi is the firm fixed effect, 
Yeart is the time fixed effect, and εit is the error term. 
The parameter α1 reflects the impact of air pollution on 
corporate green investment. To ensure the robustness 
of the conclusions, all regressions use robust standard 
errors with clustering at the firm level.

Empirical Results and Analysis

Descriptive Statistics

Table 2 presents the descriptive statistics of the main 
variables. The mean value of corporate green investment 
(GI) is 8.5570, with a standard deviation of 10.3088,  
a maximum value of 53.4301, and a minimum value of 
0.0000. This indicates a significant disparity in green 
investment among the sample companies, suggesting an 
overall low level and substantial room for improvement. 
The mean value of air pollution (AQI) is 64.9608, the 
median is 61.4536, with a standard deviation of 21.0152, 

Table 1. Definition of variables.

Variable type Variable name Symbol Variable definitions

Dependent variable Green investment GI (Amount of green investments* 100)/total assets

Independent variable Air pollution AQI Air quality index (AQI)

Control variables

Financial leverage Lev Asset-liability ratio

 Firm growth Growth Revenue growth rate

Profitability ROA Net profit margin on total assets

Cash flows from operating 
activities Cflow Net cash flow from operating activities/total assets

Board size Board Ln (number of board members)

Percentage of independent 
directors Indep Number of independent directors/ number of board of 

directors

Firm size Size Ln (total assets)

Firm age Age Ln (current year - year of listing of the enterprise + 1)

Shareholding concentration Shrcr The shareholding ratio of the largest shareholder

Regional economic development perGDP Ln (level of GDP per capita by region)
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Robustness Tests

Replacing the Measurement Method 
of the Independent Variables

Referring to the method of [26], we use the logarithm 
of the green investment amount to re-measure green 
investment and conduct regression analysis on model 
(1). As shown in column (1) of Table 4, the coefficient 
of air pollution (AQI) is significantly positive, further 
supporting the research conclusions.

Lagging the Independent Variable by One Period

Considering the lag effect of air pollution, to reduce 
the problem of bidirectional causality and exclude 
the interference of endogeneity, we introduce green 
investment lagged by one period into the model and 
conduct the regression again. As shown in column (2) of 
Table 4, the coefficient of air pollution (AQI) is positive 
at a 5% significant level, verifying the robustness of the 
core conclusions.

Replacing the Measurement Methods 
of the Dependent Variable

Referring to the methods of [9] and [10], we 
use the average PM2.5 to measure the air pollution 
and reconducts regression analysis. PM2.5 refers to 
particulate matter with an aerodynamic diameter of less 
than or equal to 2.5 micrometers, which can adhere to 
various toxic and harmful substances and remain in the 
atmosphere for a long time, being a major factor causing 
air pollution. As shown in column (3) of Table 4, the 
coefficient of air pollution (AQI) is significantly positive, 
confirming the robustness of the results.

Table 3. Baseline regression results.

Table 2. Descriptive statistics. 

Variable N Mean Std. Dev. Min Median Max 

GI 15547 8.5570 10.3088 0.0000 4.9075 53.4301

AQI 15547 64.9608 21.0152 32.0904 61.4536 121.2493

Lev 15547 0.3866 0.1831 0.0599 0.3801 0.8523

Growth 15547 0.1698 0.3316 -0.4896 0.1162 1.9155

ROA 15547 0.0461 0.0571 -0.1928 0.0439 0.2052

Cflow 15547 0.0562 0.0630 -0.1272 0.0536 0.2414

Board 15547 2.1059 0.1947 1.6094 2.1972 2.6391

Indep 15547 0.3770 0.0530 0.3333 0.3636 0.5714

Size 15547 22.2397 1.2442 20.1259 22.0481 26.3891

Age 15547 1.9644 0.9385 0.0000 2.0794 3.4340

Shrholder 15547 33.9263 14.4547 8.8300 31.8600 74.9900

perGDP 15547 11.5816 0.4373 10.3527 11.6746 12.2068

Variable
(1) (2)

GI GI

AQI 0.0339*

(1.89)
0.0368**

(2.07)

Lev – 6.4203***

(4.03)

Growth – -1.7081***

(-6.99)

ROA – 0.8818
(0.41)

Cflow – -4.9257***

(-3.14)

Board – -0.2718
(-0.24)

Indep – -1.0511
(-0.32)

Size – 2.6111***

(5.84)

Age – 0.6259*

(1.74)

Shrholder – 0.0422*

(1.76)

perGDP – 0.9562
(1.41)

Firm/Year Yes Yes

_cons 6.35***

(5.46)
-66.63**

(-5.17)

N 15547 15547

Adj R2 0.4404 0.4532

Note: t-values are in parentheses and***,**, and* indicate 
significance at the 1%, 5%, and 10% levels, respectively. 
Same as below.
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Adding Control Variables

To avoid the impact of omitted variables, we further 
control for other factors that may affect corporate 
green investment, including dual positions (Dual), 
Tobin’s Q value (TobinQ), whether audited by the 
Big Four International Accounting Firms (Big4), and 
the regional GDP growth rate (Gdp), and re-run the 
sample regression. As shown in column (4) of Table 4, 
the coefficient of air pollution (AQI) is positive and 
significant at the 10% level, consistent with the main 
regression results.

Instrumental Variable Method (2SLS)

To mitigate reverse causality and other endogeneity 
issues, we adopt the approach of [12], using urban rainfall 
(Rain) as an instrumental variable for air pollution. 
Rainfall is theoretically an effective instrumental 
variable for air pollution because, on the one hand, as 
a major meteorological factor affecting air pollution, 
urban rainfall helps reduce air pollution levels and 
improve air quality, thus meeting the relevant conditions. 
On the other hand, urban rainfall is determined by 
meteorological conditions and geographical factors, 
having no direct relationship with corporate economic 
activities, thus satisfying the homogeneity assumption 
of an instrumental variable. Columns (5) and (6) of 
Table 4 report the results of the two-stage least squares 
(2SLS) regression based on instrumental variables. 
The first stage results (Column (5)) show that rainfall 
(Rain) is significantly and negatively correlated with 
air pollution (AQI), consistent with expectations. The 
F-statistic is 719.35, far exceeding the critical value of 
16.38 at the 10% level, indicating no weak instrumental 
variable problem. The second stage results (column 
(6)) show that after using the instrumental variables for 

estimation, air pollution (AQI) remains significantly 
positively correlated with corporate green investment 
(GI), further validating the robustness of the baseline 
model regression results.

Further Analysis

Mechanism Analysis

Based on existing research and theoretical analysis, 
air pollution triggers formal environmental regulation 
by the government and exerts pressures through 
informal regulation from the media and the public. 
These factors collectively drive companies to increase 
green investments, implement green differentiation 
strategies, reduce environmental compliance costs, 
enhance environmental legitimacy, and pursue “green” 
profits. To test these mechanisms directly, we examine 
the impact of air pollution on government environmental 
regulation, media attention, and public environmental 
supervision. Following the approach of [42], we measure 
local government environmental regulation (GER) by 
calculating the ratio of the frequency of the words related 
to environmental protection and governance (such as 
“green,” “environment,” “PM2.5,” “environmental 
protection,” “pollution,” “wastewater,” “energy saving,” 
and “recycling”) in municipal government work reports 
to the total word count, multiplied by 100. This data is 
manually collected from government work reports on 
local government websites. Drawing on [37], media 
attention (Media) is measured by the natural logarithm of 
the total number of news articles about listed companies 
in both online and print financial news titles and content. 
This data comes from the China Research Data Service 
Platform (CNRDS). Following the methods of [43], 
public environmental supervision (Public) is measured 

Table 4. Robustness test.

Variable (1) (2) (3) (4)
(5) (6)

Phase I
AQI

Phase II
GI

AQI 0.0020*

(1.76)
0.0525**

(2.47)
0.0330*

(1.70)
0.0365*

(1.92) – 0.1734**

(2.24)

Rain – – – – -0.0725***

(-26.82) –

Controls Yes – Yes Yes Yes Yes

Firm/Year Yes – Yes Yes Yes Yes

_cons 13.37***

(22.17)
-72.17***

(-4.85)
-65.04***

(-5.08)
-68.92***

(-5.10) – –

N 15547 12344 15547 13506 7159 7159

Adj R2 0.8795 0.4685 0.4628 0.4627 – –

KP F-statistic – – – – 719.35 –

Centered R2 – – – – – 0.0108
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by the natural logarithm of the average daily search 
index for keywords like “environmental pollution”, “air 
pollution”, and “smog” on the Baidu search engine. 
The data is gathered using Python tools to scrape and 
compile search engine data from Baidu.

The results of the mechanism analysis are shown 
in Table 5. The coefficients for air pollution (AQI) and 
government environmental regulation (GER), media 
attention (Media), and public environmental supervision 
(Public) are all significantly positive. This indicates that 
air pollution prompts local governments to regulate and 
attracts attention and supervision from the news, media, 
and the public. As air pollution intensifies, companies 
face greater external environmental regulation pressure 
[8]. This supervision includes formal environmental 
regulation set by laws and regulations, as well as 
informal environmental supervision from the media 
and the public. To cope with increased operational costs 
and reduced profit levels due to external regulation, 
companies must undergo green transformation and 
achieve low-carbon development. Stakeholder theory 
and legitimacy theory suggest that, under stakeholder 
supervision, companies alleviate conflicts and adhere 
to legitimacy standards to gain recognition and support 
by implementing green investments [44]. Therefore, 
proactive green investment to reduce pollutant emissions 
is crucial for companies to gain social recognition and 
legal status. The environmental legitimacy pressure 
exerted by stakeholders, primarily the government and 
supplemented by the media and the public, is a key 
factor in driving corporate green investments. In other 
words, local government environmental regulation, 
media attention, and public environmental supervision 
are the mechanisms through which air pollution impacts 
corporate green investment.

Heterogeneity Analysis 

Marketization Level

We use the marketization index developed by [45] 
to measure the marketization level of different regions. 
A higher marketization index indicated a higher 

marketization level of the local economy. The full 
sample is divided into low and high-marketization level 
groups based on the median marketization level of the 
region where the companies are located, and regression 
analysis is performed accordingly. The results are 
shown in columns (1) and (2) of Table 6. The regression 
analysis for the low marketization level sample shows 
that the coefficient of air pollution (AQI) is significantly 
positive. In contrast, in the high marketization level 
sample, the coefficient of air pollution (AQI) is positive 
but not significant. Additionally, the Fisher combination 
test is used to test the significance of the difference in 
coefficients between groups, and the results show that 
the empirical P-value is significant at the 1% statistical 
level. This indicated that the level of marketization, 
to some extent, weakens the positive effect of air 
pollution on corporate green investment. This may be 
because, in regions with higher marketization levels, 
relevant environmental laws and regulations are 
more comprehensive, and government environmental 
regulation and public environmental awareness are also 
higher [26]. Local companies place greater emphasis on 
environmental protection and low-carbon development, 
and the level of green economy and environmental 
governance is relatively mature. In contrast, in regions 
with lower marketization levels, local governments 
focused more on economic growth, and environmental 
protection laws and standards are relatively lax. The 
penalties for corporate pollution behavior are also 
lighter or even overlooked [28]. Additionally, local 
companies are more likely to engage in extensive 
and low-end activities with harmful gas emissions, 
reducing their motivation to undertake proactive 
environmental governance. Therefore, in regions with 
lower marketization levels, severe air pollution issues 
compel the government to strengthen the enforcement 
of environmental regulations, effectively leveraging 
government and public environmental supervision, 
thereby forcing companies to increase their green 
investments.

Heavily Polluting Industries

To examine the differences between industries, 
we classify listed companies into non-heavily 
polluted industry groups and heavily polluted 
industry groups based on the categories outlined in 
the “Listed Companies Environmental Verification 
Industry Classification and Management Directory” 
(Environmental Affairs Office Letter [2008] No.373).  
As shown in columns (3) and (4) of Table 6, the 
coefficients of air pollution (AQI) for non-heavily 
polluted industries are not significant. However, for 
heavily polluted industries, the coefficient of air pollution 
(AQI) is significantly positive at the 5% level. Moreover, 
the difference in coefficient between the groups is 
significant at the 1% level (empirical p-value of 0.004), 
indicating that air pollution has a more pronounced effect 
on promoting green investment in heavily polluting 

Table 5. Mechanism analysis.

Variable
(1) (2) (3)

GER Media Public

AQI 0.0018***

(3.34)
0.0018*

(1.67)
0.0074***

(8.52)

Controls Yes Yes Yes

Firm/Year Yes Yes Yes

_cons 1.79***

(4.52)
2.58***

(3.23)
3.44***

(5.70)

Adj R2 0.6172 0.7236 0.9756

N 15396 15050 15526
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industries compared to non-heavily polluting industries. 
This is primarily because companies in heavily polluting 
industries, such as iron and steel, chemicals, and 
cement, have higher pollution emissions and are major 
sources of air pollution, attracting more attention and 
scrutiny from the government, media, and public [15]. 
On the one hand, governmental departments enforce 
strict environmental regulations and policies on heavily 
polluting industries. To avoid hefty fines, production 
restrictions, or even shutdowns, these companies are 
more inclined to invest in green initiatives to comply 
with regulatory requirements. On the other hand, the 
air pollution issues of heavy-polluting companies are 
more prominent, leading to negative media coverage 
and public dissatisfaction [20]. This societal pressure 
forces companies to take measures to improve their 
environmental performance to maintain their corporate 
image and social reputation. Therefore, when air 
pollution worsens, heavily polluting companies are more 
likely to engage in green investments in response to 
stricter regulation and social pressure.

Firm Ownership

Based on firm ownership, we divide the sample into 
non-state-owned (non-SOE) and state-owned (SOE) 
enterprise groups. The grouped regression results are 
shown in columns (5) and (6) of Table 6. The coefficient 
of air pollution (AQI) for the non-SOE enterprise group 
is positive but not significant, whereas the coefficient 
for the SOE enterprise group is significantly positive. 
Additionally, there is a significant difference in the 
coefficients between the groups (p-value = 0.000). This 
indicates that air pollution has a more pronounced effect 
on promoting green investment in SOE enterprises 
compared to non-SOE enterprises. This may be because 
SOE enterprises generally have closer political ties with 
local governments and are expected to play a leading 
role in environmental protection in the eyes of the public, 

thus bearing more social responsibility [46]. When 
facing air pollution issues, SOE enterprises encounter 
greater regulatory pressure and stricter assessment 
requirements within the same institutional environment, 
making them more sensitive to environmental 
legitimacy [16]. Additionally, the environmental 
performance of SOE enterprises directly impacts the 
political reputation and promotion opportunities of 
their management. To maintain a political reputation 
and gain legitimacy recognition, SOE enterprises 
are more motivated to invest in green initiatives,  
possibly allocating more funds for environmental 
protection and adopting additional environmental 
measures. Moreover, compared to non-SOE enterprises, 
SOE enterprises have more funds and resources, 
enabling them to better bear the costs of green 
investment and quickly implement environmental 
measures.

Government Subsidies

We divide the sample into low and high-government 
subsidy groups based on the median government 
subsidies and then conduct group regressions 
sequentially. Government subsidies are measured by 
the logarithm of government subsidies received by 
enterprises for their daily operations. The results shown 
in columns (1) and (2) of Table 7 indicate that, in the 
low government subsidy group, the coefficient of air 
pollution (AQI) is significantly positive. However, in 
the high government subsidy group, air pollution (AQI) 
has a negative but not significant effect on corporate 
green investment and passes the test of difference in 
coefficients between groups. This suggests that the 
positive impact of air pollution on green investment 
is more pronounced in enterprises receiving lower 
government subsidies compared to those receiving 
higher subsidies. A possible reason is that industrial 
enterprises are typically major contributors to local 

Table 6. Heterogeneity analysis.

Variable

Marketization level Heavily polluting industries Firm ownership

(1) (2) (3) (4) (5) (6)

low high non heavily non-SOE SOE

AQI 0.0505**

(1.66)
0.0086
(0.35)

0.0181
(0.89)

0.0572**

(1.97)
0.0188
(0.83)

0.0536*

(1.85)

Controls Yes Yes Yes Yes Yes Yes

Firm/Year Yes Yes Yes Yes Yes Yes

_cons -35.79
(-1.63)

-69.18**

(-3.24)
-26.75*

(-1.82)
-106.70***

(-5.56)
-52.77***

(-3.65)
-92.38***

(-3.31)

r2 0.620 0.582 0.539 0.539 0.525 0.603

N 7555 7295 9427 6114 10977 4532

Empirical p-value 0.008*** 0.004*** 0.000***

Note: Coefficient difference p-values were calculated by autosampling (Bootstrap) 1000 times.
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GDP growth, and government subsidies are a crucial 
means of supporting these enterprises in the market. 
Government subsidies can enhance the cash flow 
of enterprises, thereby promoting their investment 
activities [47]. Generally, industrial enterprises that 
significantly contribute to local economic growth tend to 
receive more government support, and the government 
prefers to subsidize well-performing enterprises. In 
contrast, enterprises receiving lower government 
subsidies lack direct financial support [19]. When air 
pollution worsens, these enterprises need to rely more 
on their efforts to respond to external regulations and 
societal expectations. Consequently, enterprises with 
lower government subsidies are more inclined to invest 
in green initiatives to demonstrate their environmental 
responsibility and responsiveness, improve their 
environmental image, and gain recognition from the 
government, the public, and investors.

Institutional Shareholding

The sample is divided into low and high institutional 
shareholding groups based on the median proportion 
of corporate institutional investors’ holdings. The 
regression results, as shown in columns (3) and 
(4) of Table 7, indicate that in the low institutional 
shareholding group, the coefficient of air pollution (AQI) 
is significantly positive at the 10% level. However, in 
the high institutional shareholding group, the coefficient 
of air pollution (AQI) is not significant. Additionally, 
the between-group difference test is significant. This 
indicates that the positive effect of air pollution on 
green investment is stronger for companies with lower 
institutional shareholding. A possible explanation 
is that institutional investors, with their high level 
of professionalism, are more capable of supervising 
and managing enterprises. They possess advanced 
information analysis skills and rational decision-making 
mechanisms, paying close attention to policy trends 

and responding to the nation’s green development 
strategy. Consequently, institutional investors tend 
to hold shares in companies that actively fulfill their 
environmental responsibilities [48, 49]. Thus, the higher 
the institutional shareholding, the more actively these 
investors participate in corporate governance, providing 
effective supervision that enhances the company’s 
willingness to invest in green investments and improve 
environmental performance, thereby promoting 
long-term low-carbon development [11]. In contrast, 
companies with lower institutional shareholding, when 
faced with air pollution issues, rely more on external 
regulation and social pressure to drive green investment. 
Lacking strong internal oversight from institutional 
investors, these companies are more susceptible to 
external pressures from the government, media, and the 
public, prompting them to take environmental measures 
and engage in green investments.

Conclusions and Implications

Air pollution is the most widespread and significant 
environmental issue in China, with undeniable negative 
impacts on economic development and public health. 
Given the increasing governmental and public emphasis 
on ecological governance and green transformation, 
a critical question arises: Can air pollution and its 
mitigation compel enterprises to engage in green 
investments through environmental regulations, thereby 
achieving low-carbon economic development? This 
concern affects all sectors of society. We empirically 
examine the impact of air pollution on corporate green 
investment using a sample of China’s A-share industrial 
listed companies from 2014 to 2022. The main findings 
are as follows: (1) Air pollution significantly promotes 
corporate green investment, and this conclusion remains 
robust after a series of robustness tests. (2) Further 
analysis of the underlying mechanism reveals that air 

Variable

Government subsidies Institutional shareholding

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

low high low high

AQI 0.0584***

(3.10)
-0.0513
(-1.14)

0.0474*

(1.85)
0.0189
(0.71)

Controls Yes Yes Yes Yes

Firm/Year Yes Yes Yes Yes

_cons -69.47***

(-4.65)
-79.44***

(-3.34)
-33.54**

(-2.33)
-8.26

(-0.64)

r2 0.592 0.608 0.600 0.553

N 9573 5438 7421 7573

Empirical p-value 0.000*** 0.072*

Note: Coefficient difference p-values were calculated by autosampling (Bootstrap) 1000 times.

Table 7. Heterogeneity analysis.
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pollution can promote corporate green investment by 
enhancing formal environmental regulation through 
increased government environmental supervision and 
informal regulation through media attention and public 
environmental supervision. (3) Heterogeneity analysis 
shows that the positive effect of air pollution on green 
investment is more pronounced for enterprises in regions 
with lower marketization levels, in heavily polluting 
industries that are SOE, receive lower government 
subsidies, and have lower institutional shareholding. 
The findings reveal the mechanism by which air 
pollution, as a macro-external environment, impacts 
micro-enterprise green investment, supporting the 
theoretical expectation of the coercive effect of external 
environmental legitimacy pressure.

Based on the above conclusions, the implications are 
as follows:

First, governments, as leaders in environmental 
governance, should strengthen the management 
and supervision of enterprises to encourage green 
investment. Regulators should fully recognize the 
crucial role of enterprises in environmental governance. 
Enterprises are the primary creators of environmental 
problems, with regional air pollution essentially being 
the negative external economic consequence of their 
extensive development methods. The government should 
optimize supervisory mechanisms, guide enterprises 
to actively engage in green investment, and reduce 
the likelihood of illegal emissions through increased 
regulation and penalties, thereby forcing enterprises 
to upgrade and transform. By considering regional 
characteristics, industry specifics, and firm ownership, 
governments should formulate reasonable environmental 
regulatory plans to jointly promote green investment 
within their jurisdiction, improve regional air quality, 
and support low-carbon economic development.

Second, the role of the media in supervising air 
pollution control should be strengthened. Supervision 
mechanisms should be established and improved to 
fully leverage the media’s environmental oversight 
function. The media should proactively shoulder 
social environmental responsibility, enhance 
reporting and guidance on corporate air pollution 
behaviors, and promote green development among 
enterprises. The media should continuously track 
corporate environmental governance issues, enhancing 
professionalism, accountability, and independence 
to ensure truthful reporting and proper guidance 
of public opinion. By encouraging enterprises to 
develop in the green sectors through both positive 
and negative guidance, the media can complement 
government regulation and help build a comprehensive 
environmental oversight system.

Third, public participation in environmental 
pollution governance should be enhanced, especially 
in guiding long-term supervision of corporate 
green investment decisions. The public is a driving 
force in promoting green economic development.  
The government should strengthen environmental 

protection education and awareness, mobilizing the 
public to participate in environmental protection and 
supervision. Public supervision can create pressure 
on companies, encouraging them to invest in green 
initiatives and reduce pollution. To improve the 
effectiveness of public oversight, the development of 
online platforms should be advanced, ensuring effective 
expression of public concerns and urging companies to 
take swift corrective actions.

Fourth, enterprises should fully leverage their 
role as mainstays of green governance by actively 
engaging in green investments and implementing low-
carbon development strategies. As primary polluters, 
companies should enhance green management under 
the supervision of local governments and the media. 
They should remain sensitive to external air pollution 
issues and transform external environmental pressures 
into motivation for green investment and social 
responsibility. Enterprises should integrate green and 
low-carbon development into their production and 
operation, making strategic transformations to meet the 
shared interests of companies, governments, and the 
public, thereby gaining stakeholders’ recognition. This 
approach can enhance corporate legitimacy and image, 
reduce pollution, achieve low-carbon transformation, 
and improve green competitiveness.
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