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Abstract 

This paper examines the relationship between air pollution levels and regulators’ enforcement levels and observes 
that air pollution levels in firms’ locations reduce enforcement from regulators. Moreover, regulators are more likely 
to suffer from type II errors when air pollution levels in firms’ locations are higher, verifying the effect of regulators’ 
unwillingness to travel due to air pollution. The cross-sectional analysis suggests that enforcement from regulatory 
authorities in areas with lower air pollution levels than in firms’ locations, positioned at great distances from firms’ 
locations, and with greater workloads is less strict when air pollution levels in firms’ locations are higher. We further 
test whether air pollution levels reduce the efficiency of regulators and find that firms with lower earnings quality 
and weaker corporate governance are less likely to be subjected to enforcement by regulators when air pollution 
levels in the firms’ locations are higher.
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1  Introduction
According to a report issued by the European Topic Cen-
tre on Air and Climate Change, air pollution results in 
455,000 deaths per year among the 27 EU member states. 
Furthermore, the number of deaths resulting from air 
pollution has reached 46,200 in the UK. Air pollution 
levels have been declining in developed countries but 
worsening in developing countries. China is thought to 
be a typical developing country, and air pollution prob-
lems in the country are always serious (Sun et al. 2022; Li 
et al. 2022; Zeng and He 2023). According to survey data 
from the World Bank, China’s airborne PM2.5 content is 
only less than that of Mauritania and thus ranks second 
among all countries. Prior studies have found that air pol-
lution reduces employee productivity (Chang et al. 2014, 
2016; Dong et al. 2019), investors’ investment behaviour 

(Li et  al. 2020a, b; Huang et  al. 2020), analysts’ forecast 
accuracy (Li et  al. 2020a, b), and stock prices of pollut-
ing firms (Liu et  al. 2021). However, the relationship 
between air pollution and regulation efficiency remains 
under-explored, and this paper investigates the impact of 
air pollution levels on enforcement from the China Secu-
rities Regulatory Commission (CSRC). Moreover, the 
severity of air pollution varies significantly across differ-
ent regions in China (Sun et al. 2022; Li et al. 2022), pro-
viding a suitable setting for testing this research question.

As transportation facility becomes more and more 
convenient in modern society, travelling is typically 
important when regulators enforce securities law. For 
example, Kedia and Rajgopal (2011) suggest that firms 
positioned closer to SEC offices are more likely to expe-
rience SEC enforcement action and less likely to restate 
their financial statements. Defond et al. (2018) argue that 
non-Big 4 audit offices in proximity to SEC offices are 
more likely to issue going concern reports to distressed 
clients. The recent COVID-19 pandemic, which neces-
sitated social distancing, also highlights the importance 
of face-to-face communication between firms and regu-
lators. For example, Luo and Malsch (2020) indicate that 
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computer-mediated communications only partially miti-
gate the disruption of face-to-face interactions between 
auditors and clients. Haaland and Olden (2021) find 
that fewer audits by the Tax Administration during the 
COVID-19 crisis affected support for an economic relief 
program. Air pollution has a negative effect on public 
health (Zivin and Neidell 2012; Neidell 2009; McDon-
nell et al. 1983) and further reduces people’s willingness 
to engage in outdoor activities, leading to the disruption 
of face-to-face investigation and decreasing regulators’ 
enforcement. However, air pollution also has a negative 
impact on people’s cognition and induces cognitive bias 
(Fonken et  al. 2011; Li et  al. 2020a; Huang et  al. 2020). 
Specifically, air pollution can reduce people’s willing-
ness to take risks, e.g. Li et al. (2020a) find that air pollu-
tion significantly increases investors’ disposition effects. 
Regulators’ investigation is a complicated mental task 
that involves making subjective judgments. The cognitive 
effects of air pollution may make regulators more cau-
tious and rigorous and thus cause them to strictly enforce 
securities law.

Amiram et al. (2018) suggest that it is not uncommon 
for SEC and DOJ attorneys to suffer from type II (firm 
fraud exists, but no charge is made) or type I errors (a 
charge is made, but the firm has committed no fraud). 
A decrease in regulators’ visits to areas affected by air 
pollution could lead to insufficient enforcement, result-
ing in type II errors, while cognitive bias due to air pol-
lution may trigger excessive enforcement, resulting in 
type I errors. Therefore, we attempt to raise the follow-
ing research questions: How does air pollution in firms’ 
locations influence regulators’ enforcement level, unwill-
ingness to travel or cognitive bias? Are regulators more 
likely to suffer from type I (a charge is made but no fraud 
has been committed) or type II errors (fraud exists but 
no charge is made) when air pollution in firms’ locations 
is more severe? Does air pollution indeed reduce regula-
tors’ efficiency?

Based on firms’ data between 2013 and 2017, this paper 
finds that air pollution makes regulators less likely to ini-
tiate investigations. Furthermore, the decrease in regula-
tors’ visits to areas affected by air pollution can lead to 
insufficient enforcement, while cognitive bias due to air 
pollution may trigger excessive enforcement. The empiri-
cal results also show that a regulator is more likely to 
make type II errors and less likely to suffer from I errors.

This paper also uses a cross-sectional analysis to 
enhance our study. First, air pollution makes regulators 
unwilling to investigate firms, especially when regula-
tors expect the air pollution in firms’ locations to be 
comparatively severe. The results show that regulators 
are less likely to investigate firms when the pollution in 
firms’ locations is more severe than where the regulators 

are located. Second, geographic distance is crucial to 
enforcement by regulators, e.g., regulators tend to super-
vise companies (Kedia and Rajgopal 2011) and audit firms 
(Defond et al. 2018) located in proximity to SEC offices. 
Proximity to SEC locations may mitigate the likelihood 
of the results being driven by regulators not wanting to 
travel, and we find that the relationship between air pol-
lution and regulators’ enforcement is more significant 
when the geographic distance between enterprises and 
regulators exceeds 240 km. Third, air pollution increases 
travelling costs, leading regulators to perform fewer 
investigations when they engage in more other business 
activities. We find that the impact of air pollution on reg-
ulators’ enforcement is more significant when regulators 
are busier.

This paper finally examines whether air pollution 
reduces the efficiency of regulators’ enforcement by 
considering the impact of corporate governance. When 
firms’ corporate governance is weak, regulators do not 
identify firms’ violations, suggesting that enforcement by 
regulators is inefficient. Instead, when firms’ corporate 
governance is weak, regulators identify firms’ violations, 
indicating that enforcement by regulators is efficient. The 
results show that companies with higher earnings man-
agement and poor corporate governance are less likely 
to be subject to regulators’ enforcement in areas affected 
by air pollution, suggesting that air pollution reduces the 
efficiency of regulators’ enforcement.

We introduce instrumental variables to alleviate the 
omitting variables problem. Natural ecosystems can 
absorb air pollution and thus decrease air pollution lev-
els. At the same time, it takes hundreds of years for a 
natural ecosystem to form, so its effect on air pollution 
is relatively exogenous. After considering instrumental 
variables, our results remain robust.

The contributions of this paper are as follows. First, 
prior studies have explained the impact of air pollution 
on the decision-making behaviour of economic agents 
from the perspective of cognitive bias (Li et  al. 2020a, 
b; Huang et al. 2020). However, this paper finds that air 
pollution affects people’s travel costs rather than their 
cognitive biases and further affects the efficiency of 
enforcement by regulators. Second, the existing litera-
ture has examined the effect of an agency’s enforcement 
budget on SEC enforcement actions (Kedia and Rajgopal 
2011; Defond et al. 2018; Choi et al. 2012; Parsons et al., 
2018). However, there is conflicting evidence on whether 
proximity to SEC regional offices affects enforcement. 
For example, Amiram et al. (2018) suggest that we know 
relatively little about the SEC’s objective functions per-
taining to financial misconduct enforcement and detec-
tion. This paper describes this enforcement from the 
perspective of air pollution, further supplementing the 
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existing literature. Finally, our empirical results also have 
some policy implications. For example, to incentivize the 
regulator’s enforcement level in serious pollution regions, 
it’s necessary to provide efficient subsidies to compensate 
the negative effects of air pollution. The results provide 
the link between air pollution and regulatory efficiency. 
The local government should balance the high quality 
development and environment government.

The remainder of this paper proceeds as follows. Sec-
tion  2 describes institutional background of China’s 
Securities Regulatory Commission. Section  3 presents 
hypothesis. Section 4 presents research design. Section 5 
presents empirical results. Section  6 performs and dis-
cusses further analyses.

2 � Institutional background of China’s Securities 
Regulatory Commission

The functions of the China Securities Regulatory Com-
mission (CSRC) are similar to those of the SEC in the US. 
The CSRC is responsible for revising and setting securi-
ties’ rules and laws and organizing investigations of firms’ 
misconduct. The CSRC is headquartered in Beijing, 
China and manages 38 agencies in various provinces. 
Several procedures are adopted when the CSRC investi-
gates misconduct in firms. First, the inspection depart-
ment of the CSRC conducts an informal investigation 
when indications of misconduct are identified. Second, if 
a firm is suspected of violating securities laws and regula-
tions, the inspection bureau will issue a formal investiga-
tion and send an investigation notice to the firm. Third, a 
formal investigation can have three outcomes: closure of 
the investigation, administrative punishment, or transfer 
to criminal proceedings. The regulators then communi-
cate the conclusion made to the firm, and the firm pub-
lishes the notice on a specific website.

The CSRC’s funds revenues and expenditures are 
included in national budget management. According 
to statistics from the annual report of the CSRC, from 
2011 to 2017, supervision expenditures and the number 
of employees increased by 15% and 12.45%, respectively, 
while the number of companies increased by 46.79% in 
the same period, suggesting that growth in the num-
ber of companies has significantly exceeded growth in 
regulatory expenditures and human resources. In addi-
tion, there were approximately 10 regulators available to 
investigate cases in 2011, but the number of regulators 
decreased to 5 in 2017. This evidence indicates that the 
CSRC faces serious resource constraints.

3 � Hypothesis
It is important for regulators to travel to company loca-
tions to collect evidence. The disruption of face-to-face 
investigation decreases enforcement by regulators. For 

example, the COVID-19 pandemic resulted in social dis-
tancing measures and limited travel, reducing the audit 
efficiency of auditors and regulators (Luo and Malsch 
2020; Haaland and Olden 2021). Although a network has 
been effectively developed, visits to firms by regulators 
are also indispensable. This is the case because regulators 
often emphasize the importance of first-hand evidence 
over second-hand evidence such as photocopies, and the 
collection of first-hand evidence often requires regula-
tors to travel the firms’ locations. However, due to the 
incompleteness of contracts, there is a conflict of inter-
est between regulators’ personal interests and incentives. 
Regulators do not always carry out regulatory activities 
according to incentive objectives when they obtain more 
private benefits from enforcement. For example, Correia 
(2014) suggests that politically connected firms are less 
likely to be involved in SEC enforcement actions and face 
fewer penalties if they are prosecuted by the SEC.

Air pollution has a negative impact on human health. 
Zivin and Neidell (2012) noted that air pollution can 
cause health problems. Ozone in the air affects respira-
tory morbidity by stimulating the respiratory tract, which 
further reduces lung function and worsens respiratory 
symptoms. Neidell (2009) argued that the concentra-
tion of ozone in the air significantly increases the fre-
quency of medical visits for respiratory diseases. As air 
pollution has serious health effects on humans, it should 
have important impacts on people’s willingness to work. 
Hanna and Oliva (2015) find that the closure polluting 
factories causes workers to increase their working hours 
by 1.3  h per week. Chang et  al. (2016) indicated that a 
decline in worker productivity results from employees 
being reluctant to work in a highly polluted environment. 
Thus, air pollution increases personal costs and reduces 
regulators’ private benefits, and the incentive for regula-
tors to travel to polluted areas will then decline, which 
reduces regulators’ enforcement.

Hypothesis 1a: As air pollution levels in firm locations 
increase, regulators’ enforcement of such firms decreases.

Air pollution can affect human cognitive behaviour by 
influencing the human brain. More specifically, air pol-
lution easily causes infections of the upper and lower 
respiratory tracts, which can trigger a systemic inflamma-
tory response and release inflammatory mediators. These 
mediators can reach the human brain and further affect 
brain function. Fonken et  al. (2011) found that PM2.5 
mainly reduces people’s spatial learning and memory 
abilities by altering neuroinflammation and hippocampal 
dendrites. Archsmith et  al. (2016) find that professional 
baseball referees exposed to higher levels of air pollution 
are more likely to make mistakes. Air pollution makes 
people more conservative and cautious and less willing 
to take risks. Li et al. (2020b) find that investors exposed 
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to air pollution are more likely to show a disposal effect, 
which means that investors are more inclined to prior-
itize income over losses. Huang et  al. (2020) argue that 
air pollution leaves investors more susceptible to the 
disposition effect. Li et al. (2020a, b) suggest that air pol-
lution leads analysts to make pessimistic earnings fore-
casts. Similarly, air pollution may make regulators more 
cautious and risk averse. Thus, when regulators visit 
firms based in areas where air pollution is more severe 
to collect evidence, they will increase their enforcement.

Hypothesis 1b: As air pollution in firms’ loca-
tions increases, regulators’ enforcement of those firms 
increases.

4 � Research design
4.1 � Sample and data source
Our sample period begins in 2013, as air quality data are 
not available before this date, and ends in 2017. We also 
exclude financial companies, ST companies and compa-
nies with missing data. We obtain air quality data from 
a Chinese research database. We identify firms’ loca-
tions from their headquarter locations using data from 
the CSMAR database, and the remaining data are drawn 
from the CSMAR database.

4.2 � Model specification
To verify our hypothesis, we employ the following regres-
sion equation:

where i indicates the firm, and t indicates the year. Penai,t 
is the dependent variable, which equals 1 if the company 
has been investigated by the CSRC and 0 otherwise. 
AQ_Indexi,t is a measure of air quality and is a compre-
hensive index based on five main pollution indicators: 
ground ozone, particulate matter pollution, carbon mon-
oxide, sulfur dioxide, and nitrogen dioxide. The measure 
is a city-year measure defined as the average value of the 
daily air quality index in a firm’s location at t-1 and t. 
PM2.5 is another important indicator of air quality and 
refers to the density of particulate matter with a diameter 
of less than or equal to 2.5 microns in the atmosphere. 
The measure is a city-year measure defined as the aver-
age value of daily air pollution in a firm’s location at t-1 
and t. The higher the values of AQ_Index and PM2.5 in 
a city become, the more severe the air pollution level is. 
Following Cassell et  al. (2013) and Kedia and Rajgopal 
(2011), we also control for company and city character-
istics. Among them, company characteristics considered 
include the rate of return on assets, the ratio of liabilities 

(1)
Penai, t = β0+ β1 ∗ AQ_Indexi, t(orPM2.5i, t)

+ β2 ∗ LastYeari, t + β3 ∗ Controli, t

+ Industry Effect + Year Effect + εi, t

to assets, the level of analyst coverage, the scale of assets, 
the shareholding of institutional investors, the operating 
cycle of assets, the state-owned company, and political 
connections. City characteristic considered include land 
area, the natural rate of population growth, and the aver-
age salary of employees. See the table providing variable 
definitions in the appendix for further details.

4.3 � Summary statistics
Table  1 presents the summary statistics derived from 
our model. The average value of Pena is 0.076, indicating 
that 7.6% of the companies in the sample have been sanc-
tioned by regulators. The average value of AQ_Index is 
4.246, and the minimum and maximum values are 3.732 
and 5.037, respectively. The average value of PM2.5 is 
3.692, and the minimum and maximum values are 2.953 
and 4.622, respectively. The results show that air pollu-
tion levels across cities are quite different. The average 
value of Diff_AQ_Index is − 3.000, and the minimum 
and maximum values are − 54.477 and 19.561, respec-
tively. The average value of Diff_PM2.5 is − 2.350, and the 
minimum and maximum values are − 45.030 and 14.931, 
respectively.

5 � Empirical results
5.1 � Basic regressions
Air pollution can affect regulators’ enforcement by influ-
encing their unwillingness to travel and cognitive bias. As 
shown in Table 2, after controlling for industry and year 
fixed effects, the coefficients on AQ_Index and PM2.5 
are negative and significant. After adding the control 
variables for firm and city characteristics, the coefficients 
on AQ_Index and PM2.5 are still negative and signifi-
cant. These results suggest that air pollution has indeed 
reduced regulators’ enforcement, verifying hypothesis 1a.

The control variables are in line with prior research. In 
particular, Cassell et  al. (2013) suggest that factors such 
as low profitability, high complexity, and engaging a small 
audit firm increase SEC scrutiny. Consistent with these 
results, we find that firms with low assets and low ROA 
and non-Big 4 audit firms are more likely to be penalized 
by regulators. Correia (2014) argues that politically con-
nected firms are less likely to be involved in SEC enforce-
ment actions, and we also find that regulators exhibit less 
enforcement of state-owned firms. Parsons et  al. (2018) 
finds that firms with more leverage are more likely to 
engage in financial misconduct, and we also find a posi-
tive effect of leverage on enforcement. Kedia and Rajgopal 
(2011) suggest that analysts act as an external supervision 
mechanism that reduces firms’ misconduct, and we also 
find that firms with more analyst coverage are less likely 
to be subjected to enforcement by regulators.
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5.2 � Unwillingness to travel or cognitive bias?
Air pollution not only decreases regulators’ willingness to 
collect evidence for firm violations, leading to inadequate 
enforcement, but it also causes cognitive bias, triggering 
excessive enforcement. Following Amiram et  al. (2018), 
we test whether regulators are more likely to suffer from 
type I (firms have not violated the law but regulators 
issue punishment) or type II errors (firms have violated 
the law but regulators do not issue punishment) when air 
pollution in firms’ locations is more severe.

First, we use the model developed by Dechow et  al. 
(2011) to predict the expected probability of misconduct 
by a firm.

(2)

Probit(Pena = 1) = β1+ β2 ∗ accruals + β3 ∗ change in receivables

+ β4 ∗ change in inventory+ β5 ∗ %soft assets

+ β6 ∗ change in cash sales+ β7 ∗ change in return on assets

+ β8 ∗ actual issuance + β9 ∗ abnormal change in employees

+ β10 ∗market − adjusted stock + β11 ∗ return

+ β12 ∗ lagged market − adjusted stock return

+ β13 ∗ size + β14 ∗ leverage + Year effect + industry effect + ε

Second, we use the sample for 2005 to 2013 to estimate 
the coefficient of variables in model (2) and then use this 
coefficient to calculate the predicted value for 2013 to 2017 
for the firms. If the predicted value of the firms is lower 
than the annual median value for their industry and if the 
firms are punished by regulators, the regulators suffer from 
type I errors. Otherwise, if the predicted value of firms is 
higher than the annual median value for their industry and 
the firms are not punished by regulators, the regulators suf-
fer from type II errors. The results listed in Table 3 suggest 
that regulators are more likely to suffer from type II errors, 
verifying the mechanism of the unwillingness to travel.

Table 1  Descriptive statistics of main variables

N mean p50 sd min max p25 p75

Pena 9,727 0.076 0.000 0.266 0.000 1.000 0.000 0.000

Type_I_error 9,632 0.032 0.000 0.175 0.000 1.000 0.000 0.000

Type_II_error 9,632 0.344 0.000 0.475 0.000 1.000 0.000 1.000

AQ_Index 9,727 4.246 4.267 0.262 3.732 5.037 4.080 4.451

PM2.5 9,727 3.692 3.700 0.325 2.953 4.622 3.473 3.941

Diff_AQ_Index 9,727 − 3.000 0.000 9.209 − 54.477 19.561 − 2.852 0.000

Diff_PM2.5 9,727 − 2.350 0.000 7.682 − 45.030 14.931 − 0.945 0.000

Distance_Dum 9,727 0.089 0.000 0.285 0.000 1.000 0.000 0.000

N_Firm 9,727 4.910 5.342 0.804 2.708 5.876 4.324 5.584

Busy 9,727 5.139 5.452 0.927 2.773 6.372 4.471 5.948

DA 9,623 0.057 0.040 0.058 0.001 0.318 0.018 0.076

G_Index 9,727 12.981 12.000 3.798 7.000 23.000 10.000 14.000

Size 9,727 22.268 22.111 1.277 19.633 26.047 21.372 22.996

ROA 9,727 0.037 0.034 0.049 − 0.148 0.191 0.013 0.061

Lev 9,727 0.430 0.418 0.207 0.053 0.902 0.263 0.583

N_Analysts 9,727 1.754 1.946 1.197 0.000 3.871 0.693 2.773

Inst 9,727 0.045 0.033 0.045 0.000 0.224 0.011 0.066

Bigfour 9,727 0.054 0.000 0.227 0.000 1.000 0.000 0.000

SOE 9,727 0.363 0.000 0.481 0.000 1.000 0.000 1.000

Political_Connection 9,727 0.132 0.000 0.338 0.000 1.000 0.000 0.000

Oper_Cycle 9,727 5.194 5.265 0.903 2.341 7.407 4.717 5.755

Land_Area 9,727 9.070 9.160 0.787 7.438 11.319 8.755 9.606

Population_change 9,727 7.308 6.750 5.508 − 1.270 21.300 3.300 10.040

Personal_Salary_change 9,727 0.065 0.081 0.058 − 0.055 0.318 0.000 0.103
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5.3 � Cross‑sectional test
First, regulators are less likely to visit firms when the air 
pollution levels perceived by regulators are more severe. 
Generally, regulators’ perceptions of air pollution depend 
on the difference in air pollution levels present between cit-
ies they visit and the cities they live in because people often 
evaluate the air quality in other cities based on the air qual-
ity of the cities in which they live. The greater the difference 
between air pollution levels in the firm’s city and those in 
the regulator’s city, the more obvious the impact of air pol-
lution on their enforcement. As shown in columns (1) and 

(2) of Table 4, the coefficients of Diff_AQ_Index and Diff_
PM2.5 are − 0.007 and − 0.009, respectively, both of which 
are significant at 1%. This result shows that the more severe 
pollution in the place where a company is located becomes, 
the weaker enforcement by regulators becomes.

Second, the negative relationship between air pollu-
tion and regulators’ enforcement depends on the disrup-
tion of visits to firms’ locations. Geographic proximity to 
firms could increase regulators’ visits to firms and thus 
mitigate the effect of air pollution on enforcement. As 
shown in columns (1) and (2) of Table 5, the coefficients 

Table 2  Air pollution and enforcement

The Z value is in brackets; *, **, and *** represent statistical significance at 10, 5, and 1 percent levels, respectively (two-tailed). The standard errors are clustered by 
firm and year

Pena

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

AQ_Index − 0.468*** − 0.415** − 0.484**

(− 2.90) (− 2.61) (− 2.49)

PM2.5 − 0.439*** − 0.386*** − 0.430***

(− 3.27) (− 2.94) (− 2.82)

Size − 0.097** − 0.100** − 0.098** − 0.102**

(− 2.11) (− 2.18) (− 2.13) (− 2.21)

ROA − 4.188*** − 4.159*** − 4.183*** − 4.148***

(− 4.55) (− 4.52) (− 4.54) (− 4.51)

Lev 1.723*** 1.730*** 1.728*** 1.736***

(6.68) (6.70) (6.69) (6.70)

N_Analysts − 0.141*** − 0.140*** − 0.140*** − 0.139***

(− 3.37) (− 3.32) (− 3.33) (− 3.29)

Inst 0.963 0.974 0.934 0.950

(1.04) (1.06) (1.01) (1.03)

Bigfour − 0.625** − 0.621** − 0.625** − 0.620**

(− 2.45) (− 2.43) (− 2.45) (− 2.43)

SOE − 0.387*** − 0.384*** − 0.395*** − 0.392***

(− 3.98) (− 3.96) (− 4.05) (− 4.03)

Political_Connection 0.133 0.138 0.139 0.144

(1.11) (1.15) (1.16) (1.20)

Oper_Cycle − 0.026 − 0.026 − 0.028 − 0.028

(− 0.50) (− 0.50) (− 0.54) (− 0.53)

Land_Area 0.050 0.047

(0.85) (0.80)

Population_change − 0.003 − 0.003

(− 0.30) (− 0.31)

Personal_Salary_change − 1.933* − 1.897*

(− 1.86) (− 1.84)

_cons 0.250 − 0.099 1.800 1.533 1.830 1.474

(0.33) (− 0.17) (1.46) (1.33) (1.40) (1.20)

Industry effect Yes Yes Yes Yes Yes Yes

Year effect Yes Yes Yes Yes Yes Yes

N 9727 9727 9727 9727 9727 9727

Pseudo R2 0.007 0.007 0.043 0.044 0.044 0.044
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on AQ_Index*Distance_Dum and PM2.5* Distance_Dum 
are positive and significant, suggesting that when the dis-
tance between firm locations and regulators is greater 
than 240 km, the negative relation between air pollution 
and enforcement significantly decreases.

Third, air pollution increases regulators’ personal costs 
and decreases their private benefits. Being busy gives 
regulators a reasonable excuse to satisfy private benefits 
and intensifies the negative effects of air pollution on 
enforcement. We use two methods to measure regulator 
busyness. First, the more companies within the jurisdic-
tion of the CSRC’s dispatch office there are, the busier 

the CSRC office is. Thus, the impact of air pollution on 
enforcement by regulators becomes more significant with 
an increase in the number of companies operating in the 
area charged by the CSRC’s dispatch offices. As shown 
in columns (3) and (4) of Table  5, the coefficients on 
AQ_Index*N_Firm and PM2.5*N_Firm are negative and 
significant, which shows that regulator busyness exacer-
bates the negative effect of air pollution on enforcement. 
Second, IPOs, SEOs, and M&As require regulators to 
invest the most human and material resources. Ege et al. 

Table 3  Unwillingness to travel or cognitive bias?

The Z value is in brackets; *, **, and *** represent statistical significance at 10, 5, 
and 1 percent levels, respectively (two-tailed). The standard errors are clustered 
by firm and year

Type_I_error Type_II_error

AQ_Index_IV − 0.404 0.336**

(− 1.25) (2.63)

PM2.5_IV − 0.324 0.198*

(− 1.30) (1.94)

Size 0.193*** 0.190*** − 0.300*** − 0.299***

(2.89) (2.85) (− 9.34) (− 9.28)

ROA − 3.687*** − 3.654*** − 0.849 − 0.879

(− 2.66) (− 2.64) (− 1.33) (− 1.38)

Lev 0.049 0.054 2.300*** 2.296***

(0.13) (0.14) (12.50) (12.48)

N_Analysts 0.068 0.069 − 0.270*** − 0.269***

(1.05) (1.07) (− 10.21) (− 10.18)

Inst 3.926*** 3.928*** − 2.660*** − 2.673***

(3.30) (3.31) (− 4.30) (− 4.32)

Bigfour − 0.619* − 0.618* − 0.270* − 0.272*

(− 1.90) (− 1.89) (− 1.81) (− 1.82)

SOE − 0.415** − 0.414** 0.587*** 0.591***

(− 2.75) (− 2.74) (8.99) (9.05)

Political_Connection − 0.004 − 0.001 − 0.100 − 0.100

(− 0.02) (− 0.00) (− 1.26) (− 1.26)

Oper_Cycle 0.123* 0.123* − 0.122*** − 0.121***

(1.65) (1.65) (− 3.24) (− 3.21)

Land_Area 0.079 0.072 0.013 0.026

(0.84) (0.80) (0.30) (0.62)

Population_change 0.004 0.004 − 0.012** − 0.013**

(0.31) (0.35) (− 2.07) (− 2.33)

Personal_Salary_change 0.064 0.075 0.472 0.488

(0.04) (0.05) (0.83) (0.86)

_cons − 6.424*** − 6.824*** 4.488*** 5.039***

(− 3.52) (− 3.95) (4.82) (5.74)

Industry effect Yes Yes Yes Yes

Year effect Yes Yes Yes Yes

N 9623 9623 9623 9623

Pseudo R2 0.031 0.031 0.093 0.093

Table 4  The effects of differences of air pollution between firms’ 
and regulators’ location on enforcement

The Z value is in brackets; *, **, and *** represent statistical significance at 10, 5, 
and 1 percent levels, respectively (two-tailed). The standard errors are clustered 
by firm and year

Pena

(1) (2)

Diff_AQ_Index − 0.007*

(− 1.76)

Diff_PM2.5 − 0.009**

(− 2.03)

Size − 0.099** − 0.100**

(− 2.15) (− 2.18)

ROA − 4.101*** − 4.084***

(− 4.43) (− 4.42)

Lev 1.721*** 1.727***

(6.65) (6.67)

N_Analysts − 0.146*** − 0.146***

(− 3.46) (− 3.46)

Inst 0.995 0.996

(1.07) (1.07)

Bigfour − 0.622** − 0.620**

(− 2.44) (− 2.44)

SOE − 0.407*** − 0.406***

(− 4.20) (− 4.19)

Political_Connection 0.131 0.132

(1.09) (1.10)

Oper_Cycle − 0.030 − 0.030

(− 0.57) (− 0.57)

Land_Area − 0.000 0.001

(− 0.00) (0.01)

Population_change 0.005 0.006

(0.66) (0.69)

Personal_Salary_change − 2.004* − 2.011*

(− 1.94) (− 1.94)

_cons 0.069 0.068

(0.06) (0.06)

Industry effect Yes Yes

Year effect Yes Yes

N 9727 9727

Pseudo R2 0.043 0.043
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(2019) suggest that regulators become busier as the num-
ber of IPOs, SEOs, and M&As in the jurisdiction of SEC 
agencies increases. As shown in columns (3) and (4) of 
Table  4, the coefficients on AQ_Index* SEC_Busy and 

PM2.5* SEC_Busy are negative and significant, suggest-
ing that the busier CSRC dispatch offices are, the more 
significant the negative impact of air pollution on CSRC 
dispatch offices becomes.

Table 5  Cross-sectional analysis

The Z value is in brackets; *, **, and *** represent statistical significance at 10, 5, and 1 percent levels, respectively (two-tailed). The standard errors are clustered by 
firm and year

Independent variables Pena

X =  Distance_Dum N_Firm Busy

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

AQ_Index − 0.399** 1.264 1.628**

(− 2.00) (1.51) (2.19)

AQ_Index*X − 0.951* − 0.379** − 0.457***

(− 1.57) (− 2.09) (− 3.00)

PM2.5 − 0.356** 1.114* 1.416**

(− 2.25) (1.71) (2.40)

PM2.5*X − 0.808* − 0.331** − 0.396***

(− 1.70) (− 2.30) (− 3.21)

X 4.042 2.952* 1.406* 1.028* 1.761** 1.294***

(1.59) (1.72) (1.82) (1.92) (2.73) (2.85)

Size − 0.098** − 0.101** − 0.102** − 0.103** − 0.101** − 0.103**

(− 2.13) (− 2.19) (− 2.22) (− 2.25) (− 2.21) (− 2.24)

ROA − 4.137*** − 4.094*** − 3.989*** − 3.964*** − 4.016*** − 3.989***

(− 4.49) (− 4.45) (− 4.30) (− 4.27) (− 4.34) (− 4.30)

Lev 1.743*** 1.746*** 1.673*** 1.676*** 1.677*** 1.680***

(6.76) (6.76) (6.50) (6.50) (6.52) (6.51)

N_Analysts − 0.140*** − 0.139*** − 0.123*** − 0.123*** − 0.123*** − 0.124***

(− 3.32) (− 3.30) (− 2.90) (− 2.92) (− 2.90) (− 2.92)

Inst 0.939 0.948 0.838 0.855 0.840 0.862

(1.01) (1.02) (0.90) (0.92) (0.90) (0.92)

Bigfour − 0.622** − 0.617** − 0.583** − 0.587** − 0.591** − 0.597**

(− 2.44) (− 2.42) (− 2.27) (− 2.29) (− 2.31) (− 2.33)

SOE − 0.395*** − 0.395*** − 0.444*** − 0.446*** − 0.447*** − 0.449***

(− 4.05) (− 4.05) (− 4.47) (− 4.47) (− 4.48) (− 4.49)

Political_Connection 0.133 0.141 0.114 0.117 0.113 0.116

(1.11) (1.18) (0.96) (0.97) (0.95) (0.96)

Oper_Cycle − 0.029 − 0.028 − 0.029 − 0.032 − 0.029 − 0.032

(− 0.56) (− 0.54) (− 0.57) (− 0.61) (− 0.56) (− 0.61)

Land_Area 0.046 0.044 − 0.020 − 0.023 − 0.007 − 0.010

(0.78) (0.75) (− 0.31) (− 0.36) (− 0.11) (− 0.16)

Population_change − 0.002 − 0.001 − 0.012 − 0.012 − 0.013 − 0.013

(− 0.20) (− 0.15) (− 1.36) (− 1.33) (− 1.49) (− 1.45)

Personal_Salary_change − 1.975* − 1.908* − 1.859* − 1.908* − 2.060** − 2.132**

(− 1.90) (− 1.85) (− 1.85) (− 1.88) (− 2.03) (− 2.08)

_cons − 1.904* − 1.845* − 3.881 − 2.578 − 5.613* − 3.883

(− 1.84) (− 1.79) (− 1.02) (− 0.93) (− 1.65) (− 1.53)

Industry effect Yes Yes Yes Yes Yes Yes

Year effect Yes Yes Yes Yes Yes Yes

N 9727 9727 9727 9727 9727 9727

Pseudo R2 0.045 0.045 0.048 0.048 0.048 0.048
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5.4 � Is regulation less efficient for firms based in areas 
affected by air pollution?

Efficient enforcement means that regulators can accu-
rately identify enterprises engaged in misconduct. 
Enforcement by regulators is less efficient when regula-
tors do not identify firms with poor accounting quality 
or corporate governance.

First, the role of regulators is to monitor and enhance 
firms’ compliance with disclosure and accounting 
requirements (Nam and Thompson 2023). Air pollution 
decreases regulators’ visits to firms and makes it diffi-
cult for regulators to supervise firms with low informa-
tion transparency. As shown in columns (1) and (2) of 
Table 6, the coefficients of AQ_Index* DA and PM2.5* 
DA are negative and significant, indicating that the 
less transparent information is, the more significant 
the negative impact of air pollution on enforcement 
becomes.

Second, Cassell et  al. (2013) argue that firms with 
weaknesses in governance are positively associated 
with the receipt of a comment letter from the SEC, 
which suggests that the SEC is more efficient. Air pol-
lution causing an unwillingness to travel makes regula-
tors invest less time and energy in companies based in 
these regions; as a result, it becomes difficult for regu-
lators to identify “bad apples.” According to Gompers 
et al. (2003), we construct corporate governance index 
G_Index to test whether the level of corporate gov-
ernance affects the relationship between air pollution 
and enforcement. As shown in columns (3) and (4) of 
Table  6, the coefficients on AQ_Index* G_Index and 
PM2.5* G_Index are positive and significant, suggesting 
that regulators are less likely to identify firms engaged 
in misconduct when air pollution levels are higher in 
firm locations.

5.5 � Robustness test
5.5.1 � Endogeneity problems
As this study may be affected by missing variables, we try 
to mitigate this problem by applying instrumental vari-
ables. The natural ecosystem of a city takes a long time 
to evolve, and its formation predates the establishment 
of the CSRC system. At the same time, natural ecosys-
tems can absorb waste gas and reduce air pollution. Thus, 
the effect of natural ecosystems on air pollution is exog-
enous. Accordingly, this paper uses the scale of the natu-
ral ecosystem as an instrumental variable that equals the 
ratio of the area of the natural ecosystem to the area of 
the city to which it belongs. As shown in Table 7, in the 

Table 6  Is regulation less efficient for firms based in areas 
affected by air pollution?

The Z value is in brackets; *, **, and *** represent statistical significance at 10, 5, 
and 1 percent levels, respectively (two-tailed). The standard errors are clustered 
by firm and year

Independent variables Pena

X = DA G_Index

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

AQ_Index − 0.234 − 1.265**

(− 0.93) (− 2.39)

AQ_Index*X − 4.050* 0.059*

(− 1.68) (1.53)

PM2.5 − 0.194 − 1.068**

(− 1.01) (− 2.58)

PM2.5*X − 3.328* 0.052*

(− 1.72) (1.71)

X 17.678* 12.866* − 0.243 − 0.189

(1.73) (1.79) (− 1.45) (− 1.64)

Size − 0.097** − 0.100** − 0.102*** − 0.106**

(− 2.09) (− 2.16) (− 2.14) (− 2.22)

ROA − 4.060*** − 4.015*** − 4.196*** − 4.176***

(− 4.36) (− 4.31) (− 4.55) (− 4.53)

Lev 1.742*** 1.751*** 1.733*** 1.737***

(6.59) (6.60) (6.67) (6.67)

N_Analysts − 0.141*** − 0.140*** − 0.140*** − 0.138***

(− 3.32) (− 3.29) (− 3.34) (− 3.28)

Inst 0.959 0.964 0.985 1.012

(1.03) (1.04) (1.07) (1.10)

Bigfour − 0.610** − 0.606** − 0.624** − 0.621**

(− 2.39) (− 2.38) (− 2.46) (− 2.45)

SOE − 0.399*** − 0.398*** − 0.393*** − 0.390***

(− 4.06) (− 4.06) (− 3.98) (− 3.96)

Political_Connection 0.124 0.129 0.140 0.147

(1.02) (1.07) (1.17) (1.22)

Oper_Cycle − 0.024 − 0.025 − 0.028 − 0.028

(− 0.46) (− 0.47) (− 0.54) (− 0.53)

Land_Area 0.052 0.047 0.059 0.055

(0.86) (0.81) (0.98) (0.95)

Population_change − 0.003 − 0.003 − 0.003 − 0.003

(− 0.41) (− 0.39) (− 0.38) (− 0.38)

Personal_Salary_change − 1.663 − 1.630 − 1.970* − 1.927*

(− 1.59) (− 1.57) (− 1.90) (− 1.86)

_cons 0.659 0.579 5.194** 4.084**

(0.47) (0.45) (2.04) (2.08)

Industry effect Yes Yes Yes Yes

Year effect Yes Yes Yes Yes

N 9623 9623 9727 9727

Pseudo R2 0.045 0.046 0.045 0.045



Page 10 of 13Li and Zhou ﻿Management System Engineering            (2023) 2:14 

first stage of regression, the coefficients on AQ_Index and 
PM2.5 are negative and significant, suggesting that air 
pollution decreases as the scale of the natural ecosystem 
increases. In the second stage of the regression, the coef-
ficients on IV are negative and significant, which shows 
that the regression results are still robust after excluding 
the influence of the omitted variables.

5.5.2 � Additional robustness testing
First, according to Kedia and Rajgopal (2010), we use the 
number of sanctions made to measure enforcement by 
regulators. As shown in columns (1) and (2) of Table 8, 
the coefficients on AQ_Index and PM2.5 are negative and 
significant, suggesting that the frequency of enforcement 

Table 7  Endogeneity test

The Z value is in brackets; *, **, and *** represent statistical significance at 10, 5, and 1 percent levels, respectively (two-tailed). The standard errors are clustered by 
firm and year

The first stage The second stage The first stage The second stage

AQ_Index Pena PM2.5 Pena

IV − 0.670*** − 0.977***

(− 20.09) (− 24.51)

AQ_Index_IV − 0.122**

(− 2.45)

PM2.5_IV − 0.084**

(− 2.45)

Size 0.002 − 0.009** − 0.004 − 0.009**

(0.57) (− 2.51) (− 0.70) (− 2.67)

ROA − 0.117* − 0.339*** − 0.054 − 0.330***

(− 1.69) (− 4.40) (− 0.62) (− 4.29)

Lev 0.000 0.134*** 0.013 0.135***

(0.01) (6.41) (0.45) (6.46)

N_Analysts 0.010*** − 0.008** 0.014*** − 0.008**

(2.98) (− 2.61) (3.42) (− 2.62)

Inst − 0.107 0.058 − 0.123 0.061

(− 1.44) (0.81) (− 1.32) (0.85)

Bigfour 0.020 − 0.024** 0.032* − 0.023**

(1.33) (− 2.31) (1.80) (− 2.31)

SOE 0.046*** − 0.023*** 0.055*** − 0.024***

(4.97) (− 3.34) (4.75) (− 3.53)

Political_Connection 0.016* 0.011 0.025** 0.011

(1.70) (1.19) (2.14) (1.22)

Oper_Cycle 0.013*** − 0.002 0.015*** − 0.002

(2.74) (− 0.46) (2.55) (− 0.55)

0.091*** 0.013** 0.087*** 0.010*

Land_Area (15.17) (2.07) (11.20) (1.78)

− 0.015*** − 0.001 − 0.018*** − 0.001

Population_change (− 21.90) (− 1.46) (− 19.86) (− 1.19)

0.163*** − 0.124 0.210*** − 0.127*

Personal_Salary_change (3.69) (− 1.62) (3.52) (− 1.66)

_cons 3.594*** 0.738*** 3.276*** 0.573***

(32.09) (3.81) (22.72) (4.16)

Industry effect Yes Yes Yes Yes

Year effect Yes Yes Yes Yes

N 9727 9727 9727 9727

Pseudo R2 0.476 0.022 0.474 0.022
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by regulators decreases when air pollution levels in the 
areas where firms are located are severe.

Second, we use the average value of air pollution at t-1 
and t as an explanatory variable in the main regression. 
To ensure the robustness of the regression results, we use 
air pollution in the current year to replace the average 

value. As shown in columns (3) and (4) of Table  8, the 
coefficients on AQ_Index and PM2.5 are negative and 
significant, suggesting that the results are still robust.

6 � Conclusion and policy implications
As the air pollution becomes more and more serious, it 
not only has a negative impact on human health but also 
causes cognitive bias of human beings. These two com-
bined effects are expected to reduce the efficiency of 
enforcement by regulators. Motivated by this observation 
in practice, this paper attempts to examine the relation-
ship between air pollution levels and regulators’ enforce-
ment levels. The empirical results show that air pollution 
in firms’ locations has a negative effect on enforcement 
by regulators. Moreover, regulators are more likely to suf-
fer from type II errors, verifying the effect of the unwill-
ingness to travel by regulators rather than cognitive bias. 
The cross-sectional analysis suggests that regulatory 
authorities located at long geographic distances from 
firms and with heavier workloads are more likely to be 
subject to the negative effects of air pollution. This paper 
also examines whether air pollution indeed reduces the 
supervision efficiency of regulators. The empirical results 
show that firms with low earnings quality and weak cor-
porate governance are less likely to be penalized by reg-
ulators when air pollution in the firm’s location is more 
severe.

According to the aforementioned empirical results 
and key findings, the following policy recommendations 
are proposed. Firstly, air pollution not only affects mar-
ket investors’ behaviors and employees’ productivity, but 
also has a negative impact on enforcement by regulators. 
Therefore, it is necessary to enhance and strengthen eco-
nomic incentives for regulators who visit firms located 
in places with serious air pollution level. For example, 
higher subsidies can be offered to regulators who visit 
areas affected by more serious air pollution level, while 
lower subsidies can be given to regulators who visit areas 
with relative lower pollution levels. Secondly, there exists 
link between air pollution level and regulatory level. To 
promote high quality development of local economy 
and sustainable development of economic and society, 
the government should pay more attention to environ-
ment management and environment government such 
as encouraging firms to invest more environmentally 
friendly technology, more stringent environment policy 
and providing more energy conservation and emission 
reduction technology subsidies for firms. With improved 
and cleaner environmental quality level, the correspond-
ing corporate government environment may be also 
improved due to more strict regulation. Higher environ-
ment quality creates win–win outcomes for environment 

Table 8  Additional robustness testing

The Z value is in brackets; *, **, and *** represent statistical significance at 10, 5, 
and 1 percent levels, respectively (two-tailed). The standard errors are clustered 
by firm and year

N_Pena Pena

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

AQ_Index − 0.059***

(− 2.93)

PM2.5 − 0.055***

(− 3.36)

AQ_Index in current year − 0.418**

(− 2.11)

PM2.5 in current year − 0.374**

(− 2.40)

Size − 0.012** − 0.012** − 0.097** − 0.100**

(− 2.46) (− 2.53) (− 2.12) (− 2.19)

ROA − 0.466*** − 0.462*** − 4.178*** − 4.141***

(− 3.58) (− 3.55) (− 4.54) (− 4.50)

Lev 0.163*** 0.164*** 1.728*** 1.732***

(5.59) (5.62) (6.68) (6.69)

N_Analysts − 0.012*** − 0.012*** − 0.141*** − 0.139***

(− 2.85) (− 2.80) (− 3.33) (− 3.29)

Inst 0.061 0.060 0.941 0.959

(0.61) (0.60) (1.02) (1.03)

Bigfour − 0.034** − 0.034** − 0.624** − 0.621**

(− 2.71) (− 2.68) (− 2.45) (− 2.43)

SOE − 0.027*** − 0.026*** − 0.396*** − 0.393***

(− 2.89) (− 2.86) (− 4.05) (− 4.03)

Political_Connection 0.007 0.008 0.136 0.140

(0.60) (0.64) (1.13) (1.17)

Oper_Cycle − 0.002 − 0.002 − 0.028 − 0.028

(− 0.27) (− 0.27) (− 0.54) (− 0.54)

Land_Area 0.008 0.008 0.048 0.046

(1.27) (1.28) (0.79) (0.77)

Population_change 0.000 0.000 − 0.001 − 0.001

(0.12) (0.06) (− 0.15) (− 0.13)

Personal_Salary_change − 0.173* − 0.170 − 1.912* − 1.824*

(− 1.66) (− 1.63) (− 1.85) (− 1.77)

_cons 0.623*** 0.588*** 1.487 1.156

(4.40) (4.37) (1.16) (0.96)

Industry effect Yes Yes Yes Yes

Year effect Yes Yes Yes Yes

N 9727 9727 9727 9727

Pseudo R2 0.018 0.019 0.044 0.044
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government and corporate government. Thirdly, the reg-
ulatory authorities of listed companies should increase 
the sampling proportion of firms in air pollution areas, 
bring more firms in the area into the scope of supervi-
sion, force the regulators to carry out more on-the-spot 
supervision, and then reduce the negative impact of air 
pollution on the regulators’ behavior.

This paper also has some limitations, which are left for 
further study. Firstly, this paper does not provide direct 
evidence that air pollution hindered the regulators’ field 
investigation because the regulators do not disclose the 
data of field investigation. It’s a promising direction to 
investigate this question through questionnaire survey. 
Secondly, this study finds that air pollution can reduce 
the supervision of regulators, but ignore the influence 
of regulators’ characteristics. For example, after regula-
tors experience diseases or major epidemics, whether 
the impact of air pollution on their supervision is more 
significant.

Appendix
Variable definitions

Dependent variables

Pena An indicator variable set to 1 
if a firm faces enforcement 
by the CSRC in the current year 
and 0 otherwise

Type_I_error An indicator variable set to 1 
if the expected possibility of a firm 
facing enforcement by regulators 
is lower than the annual average 
value in the industry and if the firm 
faces enforcement by regulators 
in the current year and 0 otherwise

Type_II_error An indicator variable set to 1 
if the expected possibility of a firm 
facing enforcement by regulators 
is higher than the annual average 
value in the industry and if the 
firm does not face enforcement 
by regulators in the current year 
and 0 otherwise

Independent variables

AQ_Index A city-year measure defined 
as the average value of the daily air 
quality index in the firm’s location 
at t-1 and t

PM2.5 A city-year measure defined 
as the average value of the daily 
density of PM2.5 in the firm’s loca-
tion at t-1 and t

Independent variables

Diff_AQ_Index A city-year measure defined 
as value equalling the average value 
of daily AQ in the firm’s location 
at t-1 and t minus the average value 
of daily AQ in the local CSRC’s loca-
tion at t-1 and t

Diff_PM2.5 A city-year measure defined 
as value equalling the average value 
of daily PM2.5 in the firm’s location 
at t-1 and t minus the average value 
of daily PM2.5 in the local CSRC’s 
location at t-1 and t

Distance_Dum An indicator variable set to 1 
if the distance between a firm 
and CSRC’s branch is above 240 km 
and 0 otherwise

N_Frim A firm-year measure defined 
as the average value of the lagged 
number of companies 
under the jurisdiction of the local 
CSRC office at t-1 and t

Busy A firm-year measure defined 
as the average value of the lagged 
sum of the number of IPOs, M&A, 
and SEOs at t-1 and t

DA A firm-year measure defined 
as abnormal accruals calculated 
by the revised Jones model

G_Index The score equals 1 if the company 
meets one of 36 corporate govern-
ance indicators and 0 otherwise 
after summing the scores. It 
is worth noting that firms in China 
do not disclose the value of non-
audit fees. In addition, if the vari-
able included indicators of firm’s 
violations, it would be likely to be 
mechanically related to penalties 
from the Securities Regulatory 
Commission. Thus, this indicator 
is not included

Control variables

Inst A firm-year measure defined 
as a firms’ number of shareholdings 
of institutional investors by total 
shareholdings

Lev A firm-year measure defined 
as a firm’s debt scaled by total assets

N_Analysts A firm-year measure defined as log 
(1 + the number of analysts covering 
the firm in the current year)

Oper_Cycle A firm-year measure defined 
as the lagged sum of the turnover 
rate of receivables and inventory

Political_Connection A firm-year indicator variable set 
to 1 for firms for which an execu-
tive has prior work experience 
with the government and 0 
otherwise
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Control variables

ROA A firm-year measure defined 
as earnings before extraordinary 
items scaled by total assets

Size A firm-year measure defined 
as logged total assets

SOE A firm-year indicator variable set 
to 1 if a firm is a state-owned enter-
prise and 0 otherwise

Land_Area A city-year measure defined as log 
(1 + the land area in the city)

Personal_Salart_Change A city-year measure defined 
as the growth of per capita wages 
in a city

Population_change A city-year measure defined as natu-
ral population growth in a city

Abbreviation
CSRC	� China Securities Regulatory Commission

Acknowledgements
The authors are very grateful for the constructive comments of editors and 
referees.

Author contributions
CL: Conceptualization, methodology, investigation, writing original draft 
preparation. PZ: Conceptualization, investigation, validation, visualization, writ-
ing reviewing and editing. All authors read and approved the final manuscript.

Funding
No funding was received for conducting this study.

Availability of data and materials
The datasets generated during and/or analysed during the current study are 
available from the corresponding author on reasonable request.

Declarations

Competing interests
The authors have no financial or proprietary interests in any material discussed 
in this article.

Received: 7 July 2023   Revised: 10 November 2023   Accepted: 20 Novem-
ber 2023

References
Amiram, D., Z. Bozanic, J.D. Cox, Q. Dupont, J.M. Karpoff, and R. Sloan. 2018. 

Financial reporting fraud and other forms of misconduct: A multidiscipli-
nary review of the literature. Review of Accounting Studies 23 (2): 732–783.

Archsmith, J., Heyes, A.,  and Saberian, S. 2018. Air quality and error quantity: 
Pollution and performance in a high-skilled, quality-focused occupation. 
Journal of the Association of Environmental and Resource Economists, 5 (4): 
827–863.

Cassell, C.A., L.M. Dreher, and L.A. Myers. 2013. Reviewing the SEC’s review pro-
cess: 10-K comment letters and the cost of remediation. The Accounting 
Review 88 (6): 1875–1908.

Chang, T., J.S.G. Zivin, T. Gross, and M.J. Neidell. 2016. The effect of pollution on 
worker productivity: Evidence from call-center workers in China. Ameri-
can Economic Journal Applied Economics. 11 (1): 151–172.

Chang, T., J.S.G. Zivin, T. Gross, and M.J. Neidell. 2016. Particulate pollution and 
the productivity of pear packers. American Economic Journal Economic 
Policy. 8 (3): 141–169.

Choi, J.H., Kim, J.B., Qiu, A.A., and  Zang, Y. 2012. Geographic proximity between 
auditor and client: How does it impact audit quality? Auditing: A Journal of 
Practice & Theory, 31 (2): 43–72.

Correia, M.M. 2014. Political connections and SEC enforcement. Journal of 
Accounting & Economics 57 (2–3): 241–262.

Dechow, P.M., G.E. Weili, C.R. Larson, and R.G. Sloan. 2011. Predicting material 
accounting misstatements. Contemporary Accounting Research 28 (1): 
17–82.

Defond, M.L., J.R. Francis, and N.J. Hallman. 2018. Awareness of SEC enforce-
ment and auditor reporting decisions. Contemporary Accounting Research 
35 (3): 277–313.

Dong, R., R. Fisman, Y. Wang, and N. Xu. 2019. Air pollution, affect, and forecast-
ing bias: evidence from Chinese financial analysts. Journal of Financial 
Economics. 139 (3): 971–984.

Ege, M., J.L. Glenn, and J.R. Robinson. 2019. Unexpected SEC resource con-
straints and comment letter quality. Contemporary Accounting Research 
37 (1): 33–67.

Fonken, L.K., X. Xu, Z.M. Weil, G. Chen, Q. Sun, S. Rajagopalan, and R.J. Nelson. 
2011. Air pollution impairs cognition, provokes depressive-like behaviors 
and alters hippocampal cytokine expression and morphology. Molecular 
Psychiatry 16: 987–995.

Gompers, P., J. Ishii, and A. Metrick. 2003. Corporate governance and equity 
prices. The Quarterly Journal Economics 118 (1): 107–155.

Haaland, I., and A. Olden 2021. Information about fewer audits reduces sup-
port for economic relief programs. Working paper.

Hanna, R., and P. Oliva. 2015. The effect of pollution on labor supply: Evidence 
from a natural experiment in Mexico city. Journal of Public Economics 122: 
68–79.

Huang, J., N. Xu, and H. Yu. 2020. Pollution and performance: Do inves-
tors make worse trades on hazy days? Management Science 66 (10): 
4455–4476.

Kedia, S., and S. Rajgopal. 2011. Do the SEC’s enforcement preferences affect 
corporate misconduct? Journal of Accounting and Economics 51 (3): 
259–278.

Li, C.K., J.H. Luo, and N.S. Soderstrom. 2020a. Air pollution and analyst informa-
tion production. Journal of Corporate Finance 60: 1–24.

Li, J.J., M. Massa, H. Zhang, and J. Zhang. 2020b. Air pollution, behavioral bias, 
and the disposition effect in China. Journal of Financial Economics 142: 
641–673.

Li, X., Z. Hu, J. Cao, and X. Xu. 2022. The impact of environmental accountability 
on air pollution: A public attention perspective. Energy Policy 161: 112733.

Liu, F., Y. Kang, K. Guo, and X. Sun. 2021. The relationship between air pollution, 
investor attention and stock prices: Evidence from new energy and pol-
luting sectors. Energy Policy 156: 112430.

Luo, Y., and B. Malsch. 2020. Exploring improvisation in audit work through 
auditors’ response to COVID-19. Working paper.

McDonnell, W., H. Donald, H. Milan, et al. 1983. Pulmonary effects of ozone 
exposure during exercise: Dose-response characteristics. Journal of 
Applied Physiology 54 (5): 1345–1352.

Nam, J.S., and R.A. Thompson. 2023. Does financial statement comparabil-
ity facilitate SEC oversight? Contemporary Accounting Research, 40 (2): 
1315–1349.

Neidell, M. 2009. Information, avoidance behavior, and health: The effect of 
ozone on asthma hospitalizations. Journal of Human Resources 44 (2): 
450–478.

Parsons, C.A., Sulaeman, J., and Titman S. 2018. The geography of financial 
misconduct. Journal of Finance, 73 (5): 2087–2137.

Sun, C., X. Yi, T. Ma, W. Cai, and W. Wang. 2022. Evaluating the optimal air 
pollution reduction rate: Evidence from the transmission mechanism of 
air pollution effects on public subjective well-being. Energy Policy 161: 
112706.

Zeng, Q., and L. He. 2023. Study on the synergistic effect of air pollution pre-
vention and carbon emission reduction in the context of “dual carbon”: 
Evidence from China’s transport sector. Energy Policy 173: 113370.

Zivin, J.G., and M. Neidell. 2012. The impact of pollution on worker productiv-
ity. American Economic Review 102 (7): 3652–3673.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Do air pollution levels influence enforcement by regulators? Evidence from China
	Abstract 
	1 Introduction
	2 Institutional background of China’s Securities Regulatory Commission
	3 Hypothesis
	4 Research design
	4.1 Sample and data source
	4.2 Model specification
	4.3 Summary statistics

	5 Empirical results
	5.1 Basic regressions
	5.2 Unwillingness to travel or cognitive bias?
	5.3 Cross-sectional test
	5.4 Is regulation less efficient for firms based in areas affected by air pollution?
	5.5 Robustness test
	5.5.1 Endogeneity problems
	5.5.2 Additional robustness testing


	6 Conclusion and policy implications
	Appendix
	Variable definitions

	Acknowledgements
	References


