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Abstract 
Air pollution has become a serious environmental problem in China and drawn worldwide attention. As a 
kind of air pollution of much concern in recent years, smog can negatively influence companies through 
their employees, the public/government, and investors. Based on CSMAR financial reports data and air 
quality monitoring data for the period from 2013 to 2017, we examine the firm-value effect of air pollution 
using smog as proxy variable in 74 cities in China. The empirical results show that smog can cause a loss of 
firm value in Chinese-listed companies. We also examine the moderating effect of state ownership on the 
influence of air pollution on firm value and find that compared to non-state-owned enterprises (NSOEs), 
state-owned enterprises (SOEs) are more likely to suffer less from the value loss caused by smog for more 
government supports they could achieve. The results show that unregulated development of Chinese 
companies at the expense of the environment has a negative effect on economic development. 
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INTRODUCTION 
Development at the expense of the environment 

occurred in many countries in the last century and has 
continued in many developing countries in recent years. 
However, a deteriorating environment can hinder 
further sustainable development of the economy. 
Recent smog events in some cities in China 
demonstrate the interdependence between the 
environment and development. The Chinese 
government has acknowledged that air pollution has 
become a major crisis facing the country.  

Compared with air pollution research in other 
fields, few studies have explored the economic impact 
of air pollution, especially in China. Toxic air pollution 
not only endangers people’s health and emotions (He et 
al. 2016, WHO 2016, Chen et al. 2017, Wang et al. 2017) 
but unavoidably affects the economy in various ways. 
Changes in the external environment and political 
process raise political uncertainty and put additional 
pressure on companies (Bloom 2009, Julio and Yook 
2012, Pástor and Veronesi 2012). Thus, it is necessary to 
explore the real economic impact of air pollution on 
companies. 

This study examines the effect of air pollution on the 
firm value of Chinese companies. We employ the 
concentration of PM2.5(particulate matter that have a 
diameter of less than 2.5 micrometers, which is about 

3% the diameter of a human hair) released by the China 
National Environmental Monitoring Centre as a proxy 
for the severity of the smog and investigate whether it 
causes a loss of firm value in Chinese-listed companies. 
Our sample is derived from the Chinese Securities 
Markets and Accounting Research Database (CSMAR) 
and contains a total of 7,104 firm-year observations 
from 2013 to 2017. The initial year of sample selection 
is the year when air quality monitoring data became 
available to the public. 

Our regression results show that air pollution 
significantly reduces firm value. The results remain 
sound after we control for variables related to company 
characteristics. At the same time, state ownership 
weakens the negative firm-value effect of air pollution 
for more support from government to state-owned 
enterprises. We check the robustness of our results by 
changing the firm valuation model and independent 
variable proxy for the smog condition and these tests 
support our conclusions. 

This study contributes to the relevant literature for 
highlighting the significant firm-value effect of smog on 
Chinese-listed companies. Shi et al. (2016) state that 
even in the most optimistic case, it will take years to 
comprehensively figure out the impact of smog on the 
economy, society, human health, and the environment 
and address its root causes in China. Compared with the 
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efforts of the UK and the US over the past decades, 
China has just begun to address the smog problem. 
Extensive fundamental research is urgently needed to 
provide the necessary information about smog. To our 
knowledge, this study is the first to find that Chinese 
companies in polluted areas experience a decrease in 
value resulting from smog. Thus, it expands and 
deepens our understanding of the adverse effects of 
smog. 

HYPOTHESES 

The Firm-Value Effect of Air Pollution 
We believe that the serious smogin China has caused 

a decrease in firm value from the following ways. 

For the effect on employees, the depression, anxiety, 
and other negative emotions caused by smog (e.g., Cho 
et al. 2014, Kim et al. 2010) can deteriorate employees’ 
work performance and creativity, leading to a decline in 
the company’s productivity. In addition to the decrease 
in productivity resulting from emotional disorders, 
Zhang et al. (2014), using data from Guangzhou, China, 
find that short-term exposure to air pollution is 
associated with an increase in hospital admissions. 
Employees with health concerns may even quit their job 
and move to places with higher air quality.  

For the actions taken by the public/government, 
Chinese government has carried out a set of strict 
administrative measures to control air quality. Changes 
in the political environment due to pressure from the 
public and the government can affect companies in 
several ways. The first is an increase in the cost of 
meeting established emission standards, which requires 
investment in environmental protection facilities and 
technical upgrades (Ackerman and Heinzerling 2002). 
The second is the fines for companies that do not meet 
pollutant emission standards. The third way is an 
administrative order to stop the production of large 
quantities of air pollutants (Shi et al. 2016). 

For the effect on investors, because of the effect of 
smog on company employees and governmental and 
public pressure, investors may revalue a company using 
new environmental criteria. Investors automatically 
discount stock prices based on the potential future costs 
for cleanup and environmental compliance (Clarkson et 
al. 2004, Cormier and Magnan 1997). Investors’ and 
analysts’ assessment of increased environmental risk 
may lead to a decrease in firm value. In addition, when 
the smog is serious, the seriousness of investors’ 
reactions related to emotions and decision-making may 

further aggravate the company’s future environmental 
risks and lead to an undervaluation of stock prices. 

These possible ways in which companies may be 
affected lead to an increase in operating costs and a 
decrease in revenues and profits, and directly or 
indirectly lead to a decline in firm value. Thus, we 
propose our first hypothesis: 

H1:  Air pollution has a negative firm-value effect 
on listed companies in China. 

The Moderating Effect of State Ownership 
China’s unique corporate shareholding structure 

provides a background for us to further study the impact 
of smog on corporate value. Chinese enterprises can be 
divided into state-owned enterprises and non-state-
owned enterprises. State-owned holding is a unique 
corporate governance feature in China and a direct 
expression of the relationship between the government 
and the enterprise. 

The controlling shareholder of a state-owned 
enterprise is the government. In the market during the 
transition period in China, the government still plays an 
important role in economic activities. The close 
relationship develop from the state-owned equity 
provides the state-owned enterprises with more 
financial and political support from the government 
(Qian 1994). For example, the government is more 
likely to help state-owned enterprises achieve high-
quality resources through mergers and acquisitions, and 
the government is more likely to provide financial 
subsidies to state-owned enterprises. 

At the same time, state-owned enterprises often 
undertake multiple tasks including maintaining social 
stability. In order to maintain social and economic 
stability and guarantee social employment, the 
government will also use various opportunities and 
resources to help disadvantaged state-owned 
enterprises, including the government’s support for 
state-owned enterprises on financial subsidies, bank 
loans and stock market financing. State-owned 
companies with declining performance or losses are 
more likely to receive subsidies from the government 
(Kornai and Weibull 1983). In the contrary, the 
controlling shareholder of a non-state-owned 
enterprise is a private enterprise or an individual. It does 
not have a close relationship with the government. 
Therefore, non-state-owned enterprises relatively have 
more difficulties in obtaining government support 
under the influence of air pollution. 
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Then, with the support of the government, the 
negative firm-value impact of smog on state-owned 
enterprises is inevitably less than that of non-state-
owned enterprises. Therefore, the nature of state 
ownership will weaken the impact of air pollution on 
firm value. Thus, we propose our second hypothesis: 

H2:  Compared with non-state-owned enterprises, 
state-owned enterprises in China suffer less 
form the negative firm-value effect of air 
pollution. 

RESEARCH DESIGN 
We examine the effect of air pollution on firm value 

using the balance sheet valuation model, which has 
been commonly used in relevant literature (Barth and 
McNichols 1994, Campbell et al. 2003, Matsumura et 
al. 2014). Equation (1) shows the firm-value model: 

 𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖 = 𝛼𝛼0 + 𝛼𝛼1𝑃𝑃𝑀𝑀2.5 𝑖𝑖 + 𝛼𝛼2𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 + 𝛼𝛼3𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖
+ 𝛼𝛼4𝑂𝑂𝑂𝑂𝐿𝐿𝑂𝑂𝑂𝑂𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

(1) 

where MVit is the proxy for firm value and is 
calculated by multiplying the price of company 
common stock by the number of shares outstanding. 
PM2.5t is the independent variable representing the 
annual average concentration of PM2.5 in year t. 
Although the composition of smog is complicated, 
PM2.5 particles (particles having an aerodynamic 
diameter of less than 2.5μm) are considered to be the 
chief components. Since 2013, monitoring of PM2.5 
has been implemented under huge public pressure. The 
monthly air quality report issued by China National 
Environmental Monitoring Centre has contained the 
PM2.5 concentration data since its first release. 
Consistent with our first hypothesis we expect a 
negative coefficient of PM2.5 t. 

Following prior research using the same model 
(Barth and McNichols 1994, Campbell et al. 2003, 
Matsumura et al. 2014), we include total assets (Assetit) 
and liabilities (Liabit) of firm i at the end of year t. The 
coefficients expected for Assetit and Liabit are positive and 
negative, respectively. Following Matsumura et al. 
(2014), we also include the operating income (Opincit) 
of firm i in year t and predict a positive coefficient for 
Opincit. The four variables of company i, MVit, Assetit, 
Liabit, and Opincit, are all measured in billions (yuan). We 
control for industry effects in regressing Equation (1) as 
well. 

To control for the potential influence of Chinese 
characteristics, we introduce additional control variables 
into the firm-value model in Equation (2). 

 

𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑃𝑃𝑀𝑀2.5 𝑖𝑖 + 𝛽𝛽2𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖  
+ 𝛽𝛽4𝑂𝑂𝑂𝑂𝐿𝐿𝑂𝑂𝑂𝑂𝑖𝑖𝑖𝑖 + 𝛽𝛽5𝑆𝑆𝑂𝑂𝑆𝑆𝑖𝑖𝑖𝑖 + 𝛽𝛽6𝐵𝐵𝐵𝐵𝑀𝑀𝑖𝑖𝑖𝑖

+ 𝛽𝛽7𝐵𝐵𝑇𝑇𝐿𝐿𝑇𝑇𝐴𝐴𝑖𝑖𝑖𝑖 + 𝛽𝛽8𝑆𝑆ℎ𝑇𝑇𝑂𝑂𝑇𝑇1𝑖𝑖𝑖𝑖
+ 𝛽𝛽9𝑆𝑆𝑆𝑆𝑂𝑂𝑖𝑖𝑖𝑖 + 𝛽𝛽10𝐴𝐴𝐴𝐴𝐵𝐵𝑖𝑖𝑖𝑖
+ 𝛽𝛽11𝐴𝐴𝐴𝐴𝑇𝑇𝐿𝐿𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 + 𝛽𝛽12𝐷𝐷𝑂𝑂𝐷𝐷𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖
+ 𝛽𝛽13𝐷𝐷𝐴𝐴𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

(2) 

where SOEit is a dummy variable which equals one 
when company i is state-owned, and zero otherwise. 
BTMit is the book to market ratio, calculated as the 
equity of company i divided by the value of MVit at the 
end of year t. Tradeit is a proxy for the stock liquidity of 
company i in year t. Chen et al. (2001) find that stock 
liquidity is positively related to the amount of 
information reflected in the stock price. Thus, we 
include the variable to control for the influence of 
accounting information on firm value. It is calculated as 
the average monthly amount of the stock transactions of 
firm i in year t divided by the number of shares 
outstanding.  

Shrcr1it is the shareholding ratio of the largest 
shareholder to control for the concentration of equity in 
company i. SEOit is another dummy variable which 
equals one when company i implements a seasoned 
equity offering in year t, and zero otherwise. AATit is the 
number of analysts who pay attention to company i and 
issue analysis report in year t. We include the type of 
audit opinion (𝐴𝐴𝐴𝐴𝑇𝑇𝐿𝐿𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖) to control for accounting 
information quality, audit cost (𝐷𝐷𝑂𝑂𝐷𝐷𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖) to control for 
audit firm reputation and effort and 𝐷𝐷𝐴𝐴𝑖𝑖𝑖𝑖calculated 
through modified Jones model (Dechow et al. 1995) for 
the influence of earnings management. We also control 
for industry effects in regressing Equation (2). 

To test our first hypothesis, we use the fixed-effect 
model to regress Equation (1) and (2), expecting the 
coefficient of independent variable 𝑃𝑃𝑀𝑀2.5 𝑖𝑖 to be 
negative and significant.  

To examine our second hypothesis, we establish 
Equations (3) with the interaction item of PM2.5 t and 
SQEit based on Equations (2). 

 

𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑃𝑃𝑀𝑀2.5 𝑖𝑖 + 𝛽𝛽2𝑃𝑃𝑀𝑀2.5 𝑖𝑖𝑆𝑆𝑂𝑂𝑆𝑆𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖
+ 𝛽𝛽4𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖 + 𝛽𝛽5𝑂𝑂𝑂𝑂𝐿𝐿𝑂𝑂𝑂𝑂𝑖𝑖𝑖𝑖
+ 𝛽𝛽6𝑆𝑆𝑂𝑂𝑆𝑆𝑖𝑖𝑖𝑖 + 𝛽𝛽7𝐵𝐵𝐵𝐵𝑀𝑀𝑖𝑖𝑖𝑖

+ 𝛽𝛽8𝐵𝐵𝑇𝑇𝐿𝐿𝑇𝑇𝐴𝐴𝑖𝑖𝑖𝑖 + 𝛽𝛽9𝑆𝑆ℎ𝑇𝑇𝑂𝑂𝑇𝑇1𝑖𝑖𝑖𝑖
+ 𝛽𝛽10𝑆𝑆𝑆𝑆𝑂𝑂𝑖𝑖𝑖𝑖 + 𝛽𝛽11𝐴𝐴𝐴𝐴𝐵𝐵𝑖𝑖𝑖𝑖
+ 𝛽𝛽12𝐴𝐴𝐴𝐴𝑇𝑇𝐿𝐿𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 + 𝛽𝛽13𝐷𝐷𝑂𝑂𝐷𝐷𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖
+ 𝛽𝛽14 + 𝜀𝜀𝑖𝑖𝑖𝑖 

(3) 

Consistent with less negative firm-value effect of air 
pollution on state-owned enterprises, we expect the 
coefficient of interaction item to be positive and 
significant. 
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DATA 

Sample Selection 
China’s smog data is obtained from the website of 

the China National Environmental Monitoring Centre, 
the official environmental monitoring agency. In 
January 2013, the Monitoring Centre released the first 
monthly report on the PM2.5 concentration for 74 
cities. The 74 cities selected by the Monitoring Centre 
to implement the first phase of the new air quality 
standards in China cover the most-polluted areas: the 
Beijing-Tianjin-Hebei Region, the Yangtze River Delta 
region, the Pearl River Delta region, and other 
important cities such as provincial capitals troubled by 
smog. Considering that the regional Gross Domestic 
Product (GDP) of these cities accounted for about60 
percent of the national total GDP in the period 2013-
2017, these samples are appropriate representatives in 
our study.  

We obtain financial statement data for all listed firms 
in the Chinese Shanghai and Shenzhen stock exchanges 
in the period 2013-2017from the China Stock Markets 
and Accounting Research database (CSMAR). The 
sample period starts in 2013 because it is the first year 
that the China National Environmental Monitoring 
Centre released monthly air quality reports. 

The CSMAR database contains a total of 15,094 
firm-year observations from 2013 to 2017. We 
exclude511 observations of B-share firms and 287 
observations in the financial industry because of their 

differences from A-share firms and other industries. We 
also delete 3,697 observations of companies from cities 
not among the 74 cities because they lack air quality 
monitoring data. We further exclude 3,495 observations 
with missing data for calculating control variables. The 
final sample consists of 7,104 firm-year observations. 
The sample selection procedure is summarized in 
Table 1. 

Descriptive Statistics 
Table 2 provides univariate statistics for the 

dependent, independent, and control variables in 
Equation (1) and Equation (2). The mean of MV is 
13.45 while the means of Asset and Lib are 16.291 and 
10.176, respectively, showing that the average market 
value is lower than the average assets but higher than the 
average net assets. The large standard deviations and 
ranges between the maximum and minimum values of 
MV, Asset, Liab, and Opinc indicate huge differences 
among Chinese listed companies from 2013 to 2017. 
Among the observations, 37.9 percent of them are state-
owned companies and 18.8 percent completed a 
seasoned equity offering in year t. 

EMPIRICAL RESULTS 

The Effect of Air Pollution on Firm Value 
We first examine the firm-value effect of air 

pollution, using PM2.5 as a proxy, through the balance 
sheet valuation model in the fixed-effect regression. 
Table 3 presents the regression results of Equation (1) 
without control variables (except for Opincit) and 

Table 1. Sample selection 
Items Firm-year Observations 
Total firm-year observations available in CSMAR from 2013-2017 15,094 
Less: Observations of B shares (511) 
Firms in the financial industry (287) 
Observations without air-quality monitoring data (3,697) 
Observations with missing data to calculate control variables (3,495) 
Final sample 7,104 

 

Table 2. Descriptive statistics 
Variables N Mean Std. Dev. Min Max 

MV 7104 13.450 23.142 0.954 516.968 
PM2.5 7104 56.122 20.820 20.083 160.070 
Asset 7104 16.291 64.401 0.006 1600.000 
Liab 7104 10.176 46.217 -0.002 1200.000 

Opinc 7104 6.755 48.375 0.000 2400.000 
SOE 7104 0.349 0.477 0 1 
BTM 7104 0.887 1.007 0.003 12.100 
Trade 7104 8.643 10.678 0.037 185.741 
Shrcr1 7104 36.133 15.389 3.692 89.409 
SEO 7104 0.188 0.391 0 1 
AAT 7104 7.726 8.907 0 57 

Auditty 7104 0.033 0.178 0 1 
Dcost 7104 976.693 1938.980 10.000 41000.000 
DA 7104 0.104 4.212 -150.000 73.000 
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Equation (2) with control variables. Considering the 
influence of air pollution on employees, investors, the 
public, and the government, we expect and find that the 
severity of smog leads to a significant decrease in firm 
value. After controlling for other company 
characteristics that affect firm value, the result is still 
robust.  

The estimation coefficients of PM2.5 in Equation 
(1) and Equation (2) are -0.046 (t=-6.54) and -0.034 
(t=-5.24) respectively, which indicates that air 
pollution has a significant negative effect on firm value 
in our sample. The coefficient is still robust after 
controlling for company characteristics. Chinese 
companies in smoggy cities have suffered from value 
shrinkage due to the deterioration of air quality over the 
past few years. Hence, our first hypothesis (H1) is 
supported. 

The Moderating Effect of State Ownership 
Considering the government support for the state-

owned enterprises, the negative firm-value effect of air 
pollution may be weakened in the state-owned 
enterprises. For a better understanding of the 
mechanism for the influence of air pollution on firm 
value, we use SOE as moderating variable and regress 
Equations (3) in fixed-effect model. 

Table 3 presents the regression results of Equation 
(3) with control variables. The estimation coefficient of 
interaction item in Table 3 are 0.028 (t=2.15). It shows 
that in state-owned enterprises, the negative effect of air 
pollution on firm value has been weakened due to 
government support. Thus, our second hypothesis 
(H2) is supported. 

ROBUSTNESS TESTS 

AlternativeFirm Valuation Model 
To examine the robustness of our results, we 

replicate the analysis of the air pollution firm-value 
effect using the Olson (1995) model, which includes 
book value and net income in regression. Similar to the 
prior research design, we develop three Equations 
without and with control variables. 

 𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖 = 𝛼𝛼0 + 𝛼𝛼1𝑃𝑃𝑀𝑀2.5 𝑖𝑖 + 𝛼𝛼2𝐵𝐵𝑀𝑀𝑖𝑖𝑖𝑖 + 𝛼𝛼3𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 (4) 

 

𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑃𝑃𝑀𝑀2.5 𝑖𝑖 + 𝛽𝛽2𝐵𝐵𝑀𝑀𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖 + 𝛽𝛽4𝑆𝑆𝑂𝑂𝑆𝑆𝑖𝑖𝑖𝑖

+ 𝛽𝛽5𝐵𝐵𝐵𝐵𝑀𝑀𝑖𝑖𝑖𝑖 + 𝛽𝛽6𝐵𝐵𝑇𝑇𝐿𝐿𝑇𝑇𝐴𝐴𝑖𝑖𝑖𝑖
+ 𝛽𝛽7𝑆𝑆ℎ𝑇𝑇𝑂𝑂𝑇𝑇1𝑖𝑖𝑖𝑖 + 𝛽𝛽8𝑆𝑆𝑆𝑆𝑂𝑂𝑖𝑖𝑖𝑖
+ 𝛽𝛽9𝐴𝐴𝐴𝐴𝐵𝐵𝑖𝑖𝑖𝑖 + 𝛽𝛽10𝐴𝐴𝐴𝐴𝑇𝑇𝐿𝐿𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖
+ 𝛽𝛽11𝐷𝐷𝑂𝑂𝐷𝐷𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 + 𝛽𝛽12𝐷𝐷𝐴𝐴𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

(5) 

 

𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑃𝑃𝑀𝑀2.5 𝑖𝑖 + 𝛽𝛽2𝑃𝑃𝑀𝑀2.5 𝑖𝑖𝑆𝑆𝑂𝑂𝑆𝑆𝑖𝑖𝑖𝑖 + 𝛽𝛽3𝐵𝐵𝑀𝑀𝑖𝑖𝑖𝑖
+ 𝛽𝛽4𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖 + 𝛽𝛽5𝑆𝑆𝑂𝑂𝑆𝑆𝑖𝑖𝑖𝑖 + 𝛽𝛽6𝐵𝐵𝐵𝐵𝑀𝑀𝑖𝑖𝑖𝑖

+ 𝛽𝛽7𝐵𝐵𝑇𝑇𝐿𝐿𝑇𝑇𝐴𝐴𝑖𝑖𝑖𝑖 + 𝛽𝛽8𝑆𝑆ℎ𝑇𝑇𝑂𝑂𝑇𝑇1𝑖𝑖𝑖𝑖
+ 𝛽𝛽9𝑆𝑆𝑆𝑆𝑂𝑂𝑖𝑖𝑖𝑖 + 𝛽𝛽10𝐴𝐴𝐴𝐴𝐵𝐵𝑖𝑖𝑖𝑖
+ 𝛽𝛽11𝐴𝐴𝐴𝐴𝑇𝑇𝐿𝐿𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖 + 𝛽𝛽12𝐷𝐷𝑂𝑂𝐷𝐷𝐴𝐴𝐴𝐴𝑖𝑖𝑖𝑖
+ 𝛽𝛽13𝐷𝐷𝐴𝐴𝑖𝑖𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

(6) 

We report the test results in Table 4 using the fixed-
effect model. Consistent with the results in Table 3, we 
find that the firm value is negatively correlated with 
PM2.5 with or without control variables. Specifically, the 
new coefficients and significance of PM2.5 are -0.047 
(t=-6.68) and -0.033 (t=-5.03) in Equations (4) and (5). 
The estimation coefficients of interaction item in Table 
4 are 0.028 (t=2.21), indicates state ownership 
negatively moderate the firm-value effect of air 
pollution. Thus, the new test results are consistent with 
our hypotheses and previous empirical results. 

Table 3. The firm-value effect of air pollution without and with control variables 
Variable Expected 

Sign 
Equation (1) Equation (2) Equation (3) 

Coef. t P>|t| Coef. t P>|t| Coef. t P>|t| 
PM2.5 - -0.046 -6.54 0.000 -0.034 -5.24 0.000 -0.045 -5.45 0.000 

PM2.5*SOE +       0.028 2.15 0.032 
Asset + 1.196 33.10 0.000 1.066 30.92 0.000 1.070 31.01 0.000 
Liab - -1.216 -26.60 0.000 -1.026 -23.40 0.000 -1.031 -23.49 0.000 

Opinc + 0.008 1.01 0.311 0.042 4.81 0.000 0.042 4.78 0.000 
SOE +/-    1.273 1.17 0.242 -0.381 -0.29 0.775 
BTM +/-    -4.865 -22.23 0.000 -4.884 -22.30 0.000 
Trade +/-    0.155 12.07 0.000 0.156 12.15 0.000 
Shrcr1 +/-    0.009 0.60 0.547 0.009 0.61 0.539 
SEO +/-    1.625 5.92 0.000 1.592 5.79 0.000 
AAT +/-    -0.005 -0.30 0.765 -0.005 -0.30 0.762 

Auditty +/-    0.016 0.02 0.981 0.014 0.02 0.983 
Dcost +/-    -0.001 -4.22 0.000 -0.001 -4.26 0.000 
DA +/-    -0.317 -7.25 0.000 -0.316 -7.23 0.000 

Control Industry  Yes Yes Yes 
N  7104 7104 7104 
F  116.41 129.31 125.38 

Prob>F  0.000 0.000 0.000 
Adj. R2  0.6388 0.6351 0.6348 
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AlternativeProxy Variable for Air pollution 
Although the composition of smog is complicated, 

PM2.5 and PM10 particles (particles having an 
aerodynamic diameter of less than 2.5μm and 10μm, 
respectively) are considered to be the chief components. 
Since 2013, monitoring of PM2.5 has been implemented 
under huge public pressure. The monthly air quality 
report issued by China National Environmental 
Monitoring Centre has contained the PM2.5 and PM10 

concentration data since its first release. To test the 
robustness of our results, we use the PM10 as 
independent variable and test the robustness of the air 
pollution firm-value effect using Equations (1)-(3). 

We report the test results in Table 5 using the fixed-
effect model and quantile regression. Consistent with 
the results in Table 3, we find that PM10 have a negative 

firm-value effect with or without control variables. 
State ownership negatively moderates the firm-value 
effect of air pollution. Our results continue to remain 
robust. 

CONCLUSIONS 
Using CSMAR financial statement data and air 

quality monitoring data for the period from 2013 to 
2017, we employ the concentration of smog as proxy 
variable for air pollution and investigate the firm-value 
effect of it in 74 cities in China. Specifically, we obtain 
the smog data from the monthly air quality reports 
issued by the China National Environmental 
Monitoring Centre. 

Table 4. The firm-value effect of air pollution without and with control variables 
Variable Expected 

Sign 
Equation (4) Equation (5) Equation (6) 

Coef. T P>|t| Coef. t P>|t| Coef. t P>|t| 
PM2.5 - -0.047 -6.68 0.000 -0.033 -5.03 0.000 -0.044 -5.23 0.000 

PM2.5*SOE +       0.028 2.21 0.027 
BV + 1.151 46.86 0.000 1.144 49.98 0.000 1.147 50.03 0.000 
NI + 0.050 0.43 0.667 0.705 5.54 0.000 0.700 5.51 0.000 

SOE +/-    1.047 0.96 0.337 -0.654 -0.49 0.624 
BTM +/-    -4.699 -22.19 0.000 -4.721 -22.28 0.000 
Trade +/-    0.159 12.39 0.000 0.160 12.46 0.000 
Shrcr1 +/-    0.008 0.57 0.569 0.009 0.58 0.561 
SEO +/-    1.570 5.73 0.000 1.538 5.61 0.000 
AAT +/-    -0.007 -0.41 0.670 -0.007 -0.42 0.676 

Auditty +/-    -0.067 -0.10 0.921 -0.069 -0.10 0.919 
Dcost +/-    -0.001 -4.06 0.000 -0.001 -4.10 0.000 
DA +/-    -0.350 -7.94 0.000 -0.348 -7.91 0.000 

Control Industry  Yes Yes Yes 
N  7104 7104 7104 
F  122.01 133.26 129.07 

Prob>F  0.000 0.000 0.000 
Adj. R2  0.6429 0.6378 0.6374 

 

Table 5. The firm-value effect of air pollution without and with control variables 
Variable Expected 

Sign 
Equation (1) Equation (2) Equation (3) 

Coef. t P>|t| Coef. t P>|t| Coef. t P>|t| 
PM10 - -0.091 -11.74 0.000 -0.069 -9.66 0.000 -0.096 -10.41 0.000 

PM10*SOE +       0.061 4.58 0.000 
Asset + 1.141 31.28 0.000 1.032 29.77 0.000 1.038 29.98 0.000 
Liab - -1.167 -25.38 0.000 -1.005 -22.84 0.000 -1.011 -23.03 0.000 

Opinc + 0.007 0.88 0.378 0.041 4.77 0.000 0.042 4.87 0.000 
SOE +/-    1.473 1.31 0.189 -4.189 -2.51 0.012 
BTM +/-    -4.453 -20.35 0.000 -4.513 -20.63 0.000 
Trade +/-    0.205 13.18 0.000 0.208 13.37 0.000 
Shrcr1 +/-    0.009 0.62 0.533 0.008 0.53 0.596 
SEO +/-    1.706 5.99 0.000 1.630 5.73 0.000 
AAT +/-    0.004 0.24 0.808 0.003 0.19 0.845 

Auditty +/-    -0.095 -0.14 0.887 -0.109 -0.16 0.870 
Dcost +/-    -0.001 -3.74 0.000 -0.001 -3.78 0.000 
DA +/-    -0.328 -7.57 0.000 -0.332 -7.67 0.000 

Control Industry  Yes Yes Yes 
N  7104 7104 7104 
F  122.68 133.56 130.34 

Prob>F  0.000 0.000 0.000 
Adj. R2  0.6486 0.6468 0.6446 
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We anticipate and find that companies in China have 
experienced significant firm-value losses caused by 
smog. The negative influence of smog is reflected 
through its impact on employees, the 
public/government, and investors. Employees living in 
health-threatening air pollution may suffer from 
physical and mental illnesses, which can result in low 
productivity and even relocation because of health 
concerns. The public’s attention to smog and its 
pressure on the government may increase the potential 
environmental costs for companies and even result in 
direct losses through compulsory shutdowns. Investors 
may also be affected by smog and become risk-averse. 
Shifts in risk attitudes can lead to higher risk 
assessments by investors and result in undervaluation of 
the firm. 

This paper deepens the understanding of the 
economic aspects of air pollution by providing evidence 
of its firm-value effect. Our empirical results confirm 
that the serious smog in China not only damages the 
physical and mental health of citizens but also has a 
serious negative impact on the economy. The 

worsening air pollution has led to a significant decline 
in the value of Chinese companies. State-owned 
enterprises suffer less from the firm value losses for 
government support compared with non-state-owned 
enterprises. Furthermore, this study enriches the 
relevant literature related to firm value by providing 
evidence that air pollution can indeed significantly 
affect firm value and should be considered in the 
valuation process. 

As China’s smog management is in its infancy, the 
smog monitoring data is still insufficient. With the 
maturation of air pollution management and the 
increase in publicized smog data, research on air 
pollution’s firm-value effect may lead to further and 
more valuable conclusions. This will be the direction 
and focus of our future studies. 

ACKNOWLEDGEMENTS 
We gratefully acknowledge the research support 

from the Fundamental Research Funds for the Central 
Universities (Grant No.BUCTRC201808; Grant No. 
PTRW1811). 

REFERENCES 
Ackerman F, Heinzerling L (2002) Pricing the priceless: Cost-benefit analysis of environmental protection. 

University of Pennsylvania Law Review, 150 (5): 1553-1584. 
Barth ME, McNichols MF (1994) Estimation and market valuation of environmental liabilities relating to 

superfund sites. Journal of Accounting Research, 32(3): 177-209. 
Bloom N (2009) The impact of uncertainty shocks. Econometrica, 77(3): 623-685. 
Campbell K, Sefcik SE, Soderstrom NS (2003) Disclosure of private information and reduction of uncertainty: 

Environmental liabilities in the chemical industry. Review of Quantitative Finance and Accounting, 21(4): 349-
378. 

Chen CJ, Chen S, Su X (2001) Is accounting information value-relevant in the emerging Chinese stock market? 
Journal of International Accounting, Auditing and Taxation, 10(1): 1-22. 

Chen X, Shao S, Tian Z, Xie Z, Yin P (2017) Impacts of air pollution and its spatial spillover effect on public health 
based on China’s big data sample. Journal of Cleaner Production, 142: 915-925. 

Cho J, Choi YJ, Suh M, Sohn J, Kim H, Cho SK, Ha KH, Kim C, Shin DC (2014) Air pollution as a risk factor for 
depressive episode in patients with cardiovascular disease, diabetes mellitus, or asthma. Journal of Affective 
Disorders, 157(3): 45-51. 

Clarkson PM, Li Y, Richardson GD (2004) The market valuation of environmental capital expenditures by pulp 
and paper companies. The Accounting Review, 79(2): 329-353. 

Cormier D, Magnan M (1997) Investors’ assessment of implicit environmental liabilities: An empirical 
investigation. Journal of Accounting and Public Policy, 16(2): 215-241. 

Dechow P, Sloan R, Sweeney A (1995) Detecting earnings management. The Accounting Review, 70(2): 193-225. 
He G, Fan M, Zhou M (2016) The effect of air pollution on mortality in China: Evidence from the 2008 Beijing 

Olympic Games. Journal of Environmental Economics and Management, 79: 18-39. 
Julio B, Yook Y (2012) Political uncertainty and corporate investment cycles. Journal of Finance, 67(1): 45-83. 
Kim C, Jung SH, Kang DR, Kim HC, Moon KT, Hur NW, Shin DC, Suh I (2010) Ambient particulate matter as 

a risk factor for suicide. American Journal of Psychiatry, 167(9): 1100-1107. 
Kornai J, Weibull JW (1983) Paternalism, Buyers’ and Sellers’ Markets. Mathematical and Social Sciences, 6(2): 

153-169. 



 
 
Li et al. 
 

 
1174  Ekoloji 27(106): 1167-1174 (2018) 
 

Matsumura EM, Prakash R, Vera-Muñoz SC (2014) Firm-value effects of carbon emissions and carbon disclosures. 
The Accounting Review, 89(2): 695-724. 

Olson JA (1995) Earnings, book values, and dividends in equity valuation. Contemporary Accounting Research, 
11(2): 661-687. 

Pástor L, Veronesi P (2012) Uncertainty about government policy and stock prices. Journal of Finance, 67(4): 1219-
1264. 

Qian Y (1994) A Theory of Shortage in Socialist Economies Based on the `Soft Budget Constraint’. American 
Economic Review, 84 (1): 145-156. 

Shi H, Wang Y, Chen J, Huisingh D (2016) Preventing smog crises in China and globally. Journal of Cleaner 
Production, 112: 1261-1271. 

Wang C, Cai J, Chen R, Shi J, Yang C, Li H, Lin H, Meng X, Liu C, Niu Y, Xia Y, Zhao Z, Li W, Kan H (2017) 
Personal exposure to fine particulate matter, lung function and serum club cell secretory protein (Clara). 
Environmental Pollution, 225: 450-455. 

World Health Organization (WHO) (2016) Ambient (outdoor) air quality and health. (May 7) Retrieved from 
http://www.who.int/mediacentre/factsheets/fs313/en/  

Zhang Z, Wang J, Chen L, Chen X, Sun G, Zhong N, Kan H, Lu W (2014) Impact of haze and air pollution-related 
hazards on hospital admissions in Guangzhou, China. Environmental Science and Pollution Research, 21(6): 
4236-4244. 
 

http://www.who.int/mediacentre/factsheets/fs313/en/

	INTRODUCTION
	HYPOTHESES
	The Firm-Value Effect of Air Pollution
	The Moderating Effect of State Ownership

	RESEARCH DESIGN
	DATA
	Sample Selection
	Descriptive Statistics

	EMPIRICAL RESULTS
	The Effect of Air Pollution on Firm Value
	The Moderating Effect of State Ownership

	ROBUSTNESS TESTS
	AlternativeFirm Valuation Model
	AlternativeProxy Variable for Air pollution

	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES

