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This study examines the relationship between chief executive officers (CEOs)’
collectivistic cultural background and corporate pollution abatement behavior among
industrial firms in China. Using hand-collected data on birthplaces of CEOs of the
industrial firms, we provided robust evidence that CEOs born in provinces with a higher
level of collectivistic culture promote corporate pollution abatement performance. This
study further shows that firms exhibit significant differences in their emission reduction
behavior when firms are subjected to environmental regulation shocks: firms with
collectivistic CEOs tend to reduce more pollution than firms with individualistic CEOs
without sacrificing their firms’ production.
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INTRODUCTION

The increased prominence of climate policy on government agendas worldwide has rekindled
interest in the best design of large-scale environmental externality control. Climate change, also
known as the “ultimate commons problem” (Stavins, 2011; Wan et al., 2021), is driven by
anthropogenic greenhouse gas (GHG) emissions such as carbon dioxide (CO2) and is projected
to have severe ecological and economic effects (Kumar, 2007). Globally, the industrial sector is a
major source of greenhouse gas emissions. The industrial sector and primary industry contribute
to over 40% of global GHG emissions (OECD et al., 2010). In 2000, total carbon emissions from
the industrial sector were expected to be 60.3 MtC. Command-and-control strategies have long
been the most prevalent form of environmental regulation in the industrial sector. Economists have
historically favored market-based mechanisms such as taxes and tradable permit systems because
they are more efficient in both static and dynamic terms (e.g., Montgomery, 1972; Milliman and
Prince, 1989; Tietenberg, 1990).

To curb industrial firms’ pollution emissions in China, the Chinese government has been
levying emission fees on these firms’ pollution emissions since 2003. Along with reducing
firms’ pollutant emissions to a certain amount, the emission fee policy has brought certain
negative consequences for firms and the whole economy. In the face of increasingly strict
market regulation of emissions, such as the imposition of emission fees, firms typically have
two options for reducing their emissions (Montero, 1998; Coria, 2009; Hatcher, 2012). The
first strategy is pollution control, which reduces emissions. The second method is to reduce
pollutant emissions by reducing firms’ production directly. However, reducing emissions through
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output reduction directly influences firms’ production and
operations, resulting in significant macroeconomic swings (Bu
and Liao, 2014; Li et al., 2016; Liu et al., 2020). This study
investigates which companies are more likely to cut their
pollution emissions and which are more likely to lower their
production in response to the emission fee policy.

According to research, the collectivistic and individualistic
cultural backgrounds of chief executive officers (CEOs) are
associated with their pro-environmental behavior. According to
available research, collectivism (as opposed to individualism)
is defined by an interdependent self (as opposed to an
independent self) (Markus and Kitayama, 1991). Specifically,
collectivists are concerned with group norms and collective
harmony, and they place group aims above their own (Wagner
and Moch, 1986; Strunk and Chang, 1999; Voronov and
Singer, 2002). Individualists value human autonomy and
uniqueness and prioritize personal aspirations over group
objectives. In this research, we argued that collectivistic CEOs
are more likely than individualistic CEOs to take measures
to reduce business pollution while maintaining company
production in response to the change in environmental policy.
This presumption is supported by the following arguments.
Individualist vs. collectivist orientations have been demonstrated
to influence environmentally conscious behavior. Individuals
with collectivistic tendencies are more likely than those with
individualistic tendencies to engage in a variety of pro-
environmental behaviors, such as resource conservation and
green shopping. Moreover, according to a poll performed in
New Zealand by Semenova (2015), the more ecologically engaged
group (representing sustainable communities) had a more
collectivistic value orientation than the less environmentally
active group. Environmental activists were more likely to
embrace self-transcendent values (similar to collectivism, e.g.,
universalism-concern), but non-activists were more likely to
endorse self-interest values (similarly to individualism, e.g.,
self-direction). Therefore, when confronted with stringent
environmental regulations, collectivistic CEOs are presumed
to take actions to directly reduce their firms’ pollution
emissions without reducing production, whereas individualistic
CEOs may choose to reduce production in order to reduce
pollution emissions, resulting in the emission per unit of the
product unchanged.

To investigate the effect of the CEO’s collectivistic background
on corporate emission behaviors, we manually collected
birthplace data for 9,227 out of 29,751 CEOs of our sample
industrial firms from 2004 to 2013, which are then matched
with the pollution information from Chinese Industrial Firm
Pollution Emission (CIFPE) Database. We conducted empirical
research utilizing the difference-in-difference method with
the CEO birthplace information and the pollution data from
industrial companies from 2004 to 2013 in response to the
exogenous policy shock of the 2007 emission charge increase.
Our primary measure of corporate pollution emissions is the
annual emissions of both CO2 and sulfur dioxide (SO2) in
tones. We found that CEOs born in provinces with a stronger
collectivistic culture tend to reduce emissions. When controlling
for firm characteristics, firms managed by such CEOs lower their

pollution emissions and retain their production levels following
an increase in the emission fee. While firms led by individualistic
CEOs also lowered their total emissions after the rise in emission
fees, the decreased emissions were accomplished by cutting
production. On average, the emission per unit of output was
reduced by 12.6% more for firms led by collectivistic CEOs than
those led by individualistic CEOs.

This study makes the following three contributions to the
existing literature. First, we complemented and broadened an
emerging body of research that links culture to corporate
behaviors and economic outcomes (e.g., Hilary and Hui,
2009; Ahern et al., 2015; DeBacker et al., 2015; Nguyen
et al., 2018; Fitzgerald and Liu, 2020). Our study shows that
CEOs’ individualistic cultural values from their hometowns
shape corporate pollution abatement behaviors. Second, existing
literature has examined the effects of pollution emission
regulation on air pollution (Henderson, 1996; Greenstone, 2004),
industrial activity (Becker and Henderson, 2000; Greenstone,
2002), plant births and deaths (Henderson, 1996; Levinson, 1996;
List et al., 2003), plant productivity (Berman and Bui, 2001; Bu
and Liao, 2021), and market structure (Bu et al., 2021). This is
the first study to systematically evaluate the implementation of
China’s emission fee policy change on industrial firms’ pollution
control. Third, this study used a micro-matching sample at the
firm level, which combined the Chinese Industrial Firm (CIF)
and the Chinese Industrial Firm Pollution Emission (CIFPE)
databases. The sample contained firm-related economic and
financial indicators and a series of various pollutant emission
indicators at the firm level. This provides the basis for reliable
evidence for our study.

The subsequent sections of this study are organized as follows:
the “Institutional Background” section and the “Hypothesis
Development” section introduce the background of the emission
fee policy and the agricultural root of collectivism in China
and develop research hypotheses. The “Data” section and the
“Empirical Analysis” section introduce the dataset and empirical
analysis. The “Heterogeneous Analysis” section presents the
heterogeneous analysis. The “Conclusion and Policy Implication”
section concludes the whole study and makes policy implications.

INSTITUTIONAL BACKGROUND

Emission Fee Policy
In the early 1970s, the pollution levy system was initially
implemented in OECD nations. China first introduced the
idea of a pollution levy system in 1978, after learning from
the environmental management practices of Western countries.
Subsequently, in 1979, the “Environmental Protection Law of
the People’s Republic of China (Trial)” mandated that pollutant
emissions in excess of the nationally established levels would
incur fees based on their quantity and concentration. It also offers
a legal foundation for the pollution levy system. In February
1982, the State Council issued comprehensive regulations on
the pollution levy’s objective, scope, criteria, extra and reduced
conditions, and charge administration. In July 1982, the pollution
levy system was formally formed and applied nationwide. In
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2003, the total pollutant emission became the basis for the
pollution levy system. The pollution levy standards for SO2
were increased to 0.63 yuan per kilogram on 1 July 2005. In
May 2007, in response to a severe environmental situation, the
Chinese central government proposed a binding target of a 10%
reduction in the total emissions of major pollutants during the
11th Five-Year Plan period and mandated that the pollution levy
standards for SO2 be increased from 0.63 yuan per kilogram to
1.26 yuan per kilogram. In reaction to this policy, a number of
Chinese provinces have successively modified their pollution levy
regulations (refer to Table 1 for more details). The province of
Jiangsu assumed the lead on 1 July 2007. In 2008, the provinces
of Anhui, Hebei, Shandong, and Inner Mongolia Autonomous
all upped their pollution levy standards. In total, 15 provinces in
China have upped their pollution charge standards to 1.26 yuan
per kilogram as of the end of 2014, with the exception of Beijing,
which raised the threshold to 10 yuan per kilogram.

Agricultural Root of
Collectivism/Individualism in China
Why are some communities collectivistic and others
individualistic? The literature on cross-cultural psychology
contends that the origins of individualism and collectivism
are ecological (Vandello and Cohen, 1999; Nisbett, 2003;
Talhelm et al., 2014). Rice-growing regions typically have
relatively longer crop-growing seasons, allowing them to
double their crop production. Rice responds well to substantial
irrigation, dredging, planting, weeding, transplanting, and
rigor field leveling. Traditional rice growers met the labor
requirements by establishing labor exchanges. Therefore, a
history of rice production produces collectivism and increased
societal responsibility.

Compared with rice, wheat needs more rainfall and
less irrigation. The duration of the wheat-growing season
is shorter than the rice-growing season. With additional
time, efforts might be dedicated to other endeavors, such

TABLE 1 | Information on the change of emission fee by regions 2007–2013.

Pilot provinces Policy change date Pollution levy rate

Jiangsu 1/07/2007 1.26 yuan/ton

Anhui 1/01/2008 1.26 yuan/ton

Hebei 1/07/2008 1.26 yuan/ton

Shandong 1/07/2008 1.26 yuan/ton

Inner Mongolia 10/07/2008 1.26 yuan/ton

Guangxi 1/01/2009 1.26 yuan/ton

Shanghai 1/01/2009 1.26 yuan/ton

Yunnan 1/01/2009 1.26 yuan/ton

Guangdong 1/04/2010 1.26 yuan/ton

Liaoning 1/08/2010 1.26 yuan/ton

Tianjin 20/12/2010 1.26 yuan/ton

Xinjiang 1/08/2012 1.26 yuan/ton

Beijing 1/01/2014 10 yuan/ton

Ningxia 1/03/2014 1.26 yuan/ton

Ningxia 1/04/2014 1.26 yuan/ton

as advancing agricultural techniques. Throughout history,
women cultivated wheat while men reared livestock.
Seasonally, the home men may require to procure water
and grass for the herd in remote areas (Moran, 1982; Ang
and Fredriksson, 2017). The lower labor input needs also
indicate that wheat producers can tend to their own plots
with less assistance from other people than rice farmers.
Individualists, therefore, embrace human individuality and
uniqueness and place a premium on personal ambitions
over community goals. In conclusion, wheat production
promotes higher individualism, correlated with diminished
social responsibility.

HYPOTHESIS DEVELOPMENT

On the one hand, environmental regulation can help companies
reduce pollution. On the other hand, as environmental
regulations (e.g., environmental taxes and carbon taxes)
increase the cost of environmental resources while reducing
pollution emissions, firm productivity is frequently impacted
negatively. More precisely, when enterprises are subjected
to harsh environmental regulations, such as a considerable
increase in emission costs, the marginal cost of firm production
exceeds the marginal benefit. Controlling firm pollution,
in particular, necessitates massive corporate environmental
investment. Corporate environmental investments, such as
green technology R&D innovation, process improvement,
or equipment installation, are typically characterized
by lengthy lead times, low upfront returns, and high
risk, making it costly for firms to reduce their pollution
through pollution abatement investment. Some firms then
choose to reduce pollutant emissions by reducing firm
production directly.

Individualist vs. collectivist orientations have been
demonstrated to influence environmentally conscious behavior.
Individuals with collectivistic tendencies are more likely
than those with individualistic tendencies to engage in a
variety of pro-environmental behaviors, such as resource
conservation and green shopping. Moreover, according to
a poll performed in New Zealand by Semenova (2015), the
more ecologically engaged group (representing sustainable
communities) had a more collectivistic value orientation than
the less environmentally active group. Environmental activists
were more likely to embrace self-transcendent values (similar
to collectivism, for example, universalism-concern). Still,
non-activists were more likely to endorse self-interest values
(similar to individualism, e.g., self-direction). Based on the above
theoretical analysis, this study proposes the following research
hypothesis:

H1: Firms’ pollution emissions decreased dramatically as a
result of the increase in emission fees.

H2: Collectivistic CEOs are more likely than individualistic
CEOs to take measures to reduce business pollution while
maintaining company production in response to the change in
environmental policy.

Frontiers in Psychology | www.frontiersin.org 3 July 2022 | Volume 13 | Article 946111

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-13-946111 August 18, 2022 Time: 6:25 # 4

Wang et al. CEO Collectivism and Corporate Pollution

DATA

We employed four sources of data in our analysis: the Chinese
Industrial Firm (CIF) database, the Chinese Industrial Firm
Pollution Emission (CIFPE) database, the China Statistical
Yearbook, and the Global Agro-Ecological Zones (GAEZ)
database. The CIFPE database includes industrial firms that
account for 85% of the total emissions of major pollutants
in China and comprises information on industrial output,
energy input, and pollution emissions. To ensure the integrity
and accuracy of these data, they are reported by polluting
firms independently, collected by local environmental protection
departments, and finally monitored and irregularly checked by
environmental protection departments at the county level. The
database is considered to hold the most comprehensive and
reliable micro-firm pollution emission data in China. The CIF
database includes information on all state- and non-state-owned
industrial firms that are “above-designated scale” (i.e., output
value over 5 million yuan). The total output value of all firms
accounts for more than 90% of China’s total industrial output
value (Cui et al., 2020). The volume of this database is huge, and
it contains rich information on firms.

Based on the method of Brandt et al. (2012), we matched the
CIF database and the CIFPE database. First, the two databases
were matched year by year, according to the firms’ code; the
datasets that had not been matched successfully were matched
again according to the firm name. Second, we identified and
checked whether the firm in different years is the same firm
according to the legal representative’s name, address, postcode,
telephone, industry code, main products, and other information.
Finally, we processed the data as follows: (1) We eliminated
samples that did not meet the Chinese General Accepted
Accounting Principles. The deleted samples mainly included
firms with fewer than eight employees; samples with total
assets less than current assets or net fixed assets; samples with
negative current assets, fixed assets, net fixed assets, total sales,
or total output; and samples with negative pollutant emissions.

(2) The industry code was revised twice, in 2002 and 2011
during the sample period, and it was unified according to the
2002 standard in this study. (3) Due to the inconsistent dates
provided for the establishment of some firms, we used the
information in the enterprise search1 and Baidu search2 websites
to make corrections.

Culture is typically characterized as the transmission of
largely unchanging beliefs and values from one generation to
the next by ethnic, religious, and social groups (Guiso et al.,
2006). According to Bisin and Verdier (2011), the transmission
of cultural values from parents to children is essential in
determining an individual’s cultural values. Although individuals
may relocate in the future, they carry with them the cultural views
and values inherited from their parents or, more generally, from
their hometowns. In this way, we measured the collectivism of
CEOs based on where they were born. In this study, we defined
the collectivism of CEOs using province-level agroecological
suitability indices for rice and wheat obtained from agricultural
suitability data. The information is derived from the Global
Agro-Ecological Zones (GAEZ) database, which was established
collaboratively by the International Institute for Applied Systems
Analysis (IIASA) and the Food and Agriculture Organization
(FAO). Under the assumption that agroecological conditions
vary slowly over time, we followed Nunn and Qian (2010)
and employed an intermediate level of inputs for the period
1961–2000. The provinces with more rice cultivation area than
wheat cultivation area are categorized as collectivistic culturally
dominated regions instead of individualistic culturally dominated
regions. We then matched the birthplace of our sample CEOs
to the agroecological suitability indexes to determine their
collectivism. A CEO is considered collectivistic if he or she was
born in a collectivistic culturally dominant province.

Finally, this study generates a merged panel dataset at the
company level for 2004–2013, which includes data on CEO’s

1https://www.qcc.com/
2https://www.baidu.com/

TABLE 2 | Definition of variables and descriptive statistics.

Variable Variable definition Unit Mean SD

Panel A: Pollution measure

SO2 Annual SO2 emissions Ton 150.391 727.212

PI SO2 emission intensity: emissions per unit of output Tons/million $ 1.230 2.973

COD Annual COD emissions Ton 52.058 163.547

Panel B: Firm characteristics

Output Total industrial output Million dollars 374.583 859.468

Employee Number of persons employed by the firm at the end of the year Number of employees 561.203 859.921

Year Age of firm Year 13.484 11.987

FixedAsset Corporate fixed assets Million dollars 120.716 321.533

Gearratio Gearing ratio: total liabilities/total assets – 0.5981 0.3041

Debt Credit borrowing: total liability accounts payable Million dollars 155.430 405.364

IE Interest expenses Ten thousand dollars 207.566 888.820

Panel C: CEO characteristics

Collectivism 0.683 0.857

Gender 0.836 0.9563

Table reports variable definitions and summary statistics of the main variables used in the regression analysis. We winsorized the main variables at the 1 and 99 percentiles
to mitigate any undue influences of outliers.
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TABLE 3 | Policy effects of emission fee increases.

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

lnSO2 lnOutput lnPI lnSO2 lnOutput lnPI

Treatp × Postt −0.0836*
(−1.72)

−0.0337*
(−1.69)

−0.0871
(−1.48)

−0.0927*
(−1.62)

−0.0431**
(−2.14)

−0.0732
(−1.55)

lnOutput −0.6131***
(−16.63)

−0.8262***
(−16.16)

Firm control No No No Yes Yes Yes

Firm fixed effects Yes Yes Yes Yes Yes Yes

Province control Yes Yes Yes Yes Yes Yes

Year fixed effects Yes Yes Yes Yes Yes Yes

N 161,939 173,954 161,939 161,939 173,954 161,939

R2 0.732 0.812 0.725 0.793 0.886 0.829

Firm control variables include the number of employees, age, and squared terms; province control variables include GDP per capita, industrial SO2 emission intensity, and
share of investment in exhaust gas treatment by the province in 2007. Significance: *10%; **5%; ***1%. t-values in parentheses, and they are clustered at the city level.

birthplace, firms’ identifying features, manufacturing processes,
financial state, and numerous pollutant emissions. We eliminated
firms from the final sample if they (1) do not adhere to accounting
standards; or (2) have missing or zero pollution emissions
during the sample period. Our final sample consists of 9,227
firms and 63,954 observations spanning the years 2004–2013. To
minimize the effect of outliers, all variables in this study were
winsorized at the 1% level. Table 2 contains a list of the major
variables utilized in this study, together with descriptive statistical
information about them.

EMPIRICAL ANALYSIS

Baseline Results
Since 2007, some provinces in China have gradually increased
their emission fees, while others have maintained their current
rate. Due to China’s staggered implementation of increased
emission fees across provinces and over time, we could
utilize the difference-in-difference methodology to determine
the causal effect of increased emission fees on corporate
pollution reduction.

TABLE 4 | Chief executive officer (CEO) collectivism and corporate pollution
behavior after the policy change.

(1) (2) (3)

lnSO2 lnOutput lnPI

Treatp × Postt −0.0532*
(−1.38)

−0.0207*
(−1.42)

−0.0368
(−1.21)

Treatp × Postt × Collectivisimjt −0.112***
(3.87)

0.087***
(0.985)

0.133***
(6.98)

Firm control Yes Yes Yes

Firm fixed effects Yes Yes Yes

Province control Yes Yes Yes

Year fixed effects Yes Yes Yes

N 63,954 63,954 63,954

R2 0.657 0.717 0.702

Firm control variables include the number of employees, age, and squared
terms; province control variables include GDP per capita, industrial SO2 emission
intensity, and share of investment in exhaust gas treatment by the province in
2007. Significance: *10%; ***1%. t-values in parentheses, and they are clustered
at the city level.

We can determine the policy effect of an increase in emission
charges by comparing the difference between emissions in areas
where emission charges were increased before and after the
policies in areas where emission charges stayed unchanged.
To test the effect of the increased emission fees on corporate
pollution reduction, we estimated the following regression model:

Yjt = α + βTreatp × Postt + λ Controljt +

µt + γi + εjt (1)

Where Yjt are the outcome variables, including pollutant
emissions, emission intensity, and gross enterprise product,
presented in logarithmic form; j denotes firm j, p denotes
province p, and t denotes year t; the indicator variable
Treatp × Postt equals on if province p has increased their
emission fees in year t; otherwise, it is zero. Thus, the coefficient
of Treatp × Postt provides the difference-in-difference estimate,
stating the difference in Yjt between the provinces that raised and
not raised the emission fees. Given the sample period of 2004–
2013, the regions where emission fees were increased throughout
that time period are selected to be in the treatment group, as
illustrated in Table 1, which includes 12 provinces and cities.
The control group, which includes 18 provinces and cities, is
comprised of places where emission fees were not changed
during the sample period of 2004–2013. Controljt contain firm
control variables, which include basic firm information (number
of employees and year) and firm operating characteristics (labor
productivity, capital-labor ratio, and gearing ratio). In addition,
the control variables also include provincial control variables.
In the regressions, we also included fixed effects (γi) and year
fixed effects (µt). εjt is error term. To address the concerns of
autocorrelation among observations associated with a given firm,
we clustered standard errors at the city level.

Table 3 represents the estimated results of SO2 emissions and
production of firms affected by the increase in emission fees
in regression (1), where columns (1)–(3) do not account for
firm characteristics, but columns (4)–(6) do. From columns (4)
to (6), it is evident that increasing emission fees significantly
reduced SO2 emissions and firm output by 9.14 and 4.43%,
respectively; however, the results also show that firms’ SO2
emissions per unit of output did not significantly decrease. The
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findings reveal that enterprises choose to minimize emissions
by simply cutting production rather than implementing more
environmentally friendly manufacturing practices in reaction to
the higher cost of emissions. The results are consistent with the
first hypothesis.

Chief Executive Officer Collectivism and
Corporate Pollution Behavior
To examine the relationship between CEO’s collectivistic
background and corporate pollution behavior after the pollution
policy change, we estimated the following OLS regressions:

Yjt = α + βTreatp × Postt + θTreatp × Postt × Collectivisimjt +

λControljt + µt + γi + εjt (2)

The main explanatory variable is Collectivism, which is
measured by the CEO’s birthplace. Collectivism is a dummy

variable that equals one if the CEO was born in a province
dominated by rice cultivation and zero if otherwise.

Table 4 reports the regression results for both the collectivist
CEO and individualistic CEO firm samples. There is significant
heterogeneity in the change of emission fee policy effects
after the pollution policy change between collectivistic
CEO and individualistic CEO firms. The coefficient of the
interaction term Treatp × Postt × Collectivismjt in the
regression shows a significant difference between the two
types of firms. Comparing firms with collectivistic CEOs
to those with individualistic CEOs, the results indicate
a significant drop in SO2 emissions and SO2 emissions
per corporate output unit. In contrast to the firms with
collectivist CEOs, the output of the firms with individualistic
CEOs decreased significantly after the policy change. Taken
together, our results support the second hypothesis that
collectivistic CEOs are more likely than individualistic CEOs
to implement strategies to minimize corporate pollution

TABLE 5 | Heterogeneity of policy effects between large and small firms.

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

Large firms Small firms

lnSO2 lnOutput lnPI lnSO2 lnOutput lnPI

Treatp × Postt −0.0462*
(−1.43)

−0.0221*
(−1.46)

−0.0329
(−1.26)

−0.0482
(−1.41)

−0.0223**
(−1.57)

−0.0316
(−1.24)

Treatp × Postt × Collectivismjt −0.122***
(3.34)

0.072***
(0.839)

0.137***
(6.35)

−0.111***
(3.12)

0.077***
(0.881)

0.131***
(6.13)

Firm control YES YES YES YES YES YES

Firm fixed effects YES YES YES YES YES YES

Province control YES YES YES YES YES YES

Year fixed effects YES YES YES YES YES YES

N 31,692 31,692 31,692 32,681 32,681 32,681

R2 0.612 0.703 0.682 0.631 0.702 0.691

Table reports the regression results of the effect of the emission fee increase on corporate emission behavior for both large and small firms. Columns (1)–(3) are the
regression results for the large firm sample, while columns (4)–(6) are the regression results for the small firm sample. Firm control variables include the number of
employees, age, and squared terms; province control variables include GDP per capita, industrial SO2 emission intensity, and share of investment in exhaust gas
treatment by the province in 2007. Significance: *10%; **5%; ***1%. t-values in parentheses, and they are clustered at the city level.

TABLE 6 | Heterogeneity of policy effects between high emission and low emission firms.

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

High pollution firms Low pollution firms

lnSO2 lnOutput lnPI lnSO2 lnOutput lnPI

Treatp × Postt −0.0418*
(−1.49)

−0.0283*
(−1.31)

−0.0391
(−1.42)

−0.0521
(−1.62)

−0.0207**
(−1.38)

−0.0342
(−1.22)

Treatp × Postt × Collectivismjt −0.137***
(3.19)

0.078***
(0.792)

0.128***
(6.72)

−0.125***
(2.92)

0.071***
(0.827)

0.119***
(6.37)

Firm control YES YES YES YES YES YES

Firm fixed effects YES YES YES YES YES YES

Province control YES YES YES YES YES YES

Year fixed effects YES YES YES YES YES YES

N 31,533 31,533 31,533 32,927 32,927 32,927

R2 0.634 0.685 0.648 0.642 0.711 0.636

Table reports the regression results of the effect of the emission fee increase on corporate emission behavior for both large and small firms. Columns (1)–(3) are the
regression results for the high pollution firm sample, while columns (4)–(6) are the regression results for the low pollution firm sample. Firm control variables include the
number of employees, age, and squared terms; province control variables include GDP per capita, industrial SO2 emission intensity, and share of investment in exhaust
gas treatment by the province in 2007. Significance: *10%; **5%; ***1%. t-values in parentheses, and they are clustered at the city level.

Frontiers in Psychology | www.frontiersin.org 6 July 2022 | Volume 13 | Article 946111

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-13-946111 August 18, 2022 Time: 6:25 # 7

Wang et al. CEO Collectivism and Corporate Pollution

while maintaining firm output in response to a shift in
environmental regulation.

HETEROGENEOUS ANALYSIS

In the heterogeneous analysis, we explored whether the effect of
a CEO’s collectivism is consistent across different types of firms
to ensure that the results are not sensitive to sample selection
and research design. We split the sample by firm size and firm
pollution emission. First, a firm is defined as small if the total
assets are below the median for the sample. We then defined a
firm as having low pollution emission if its pollution emission is
below the median of the sample firms.

Table 5 reports the regression results for the large and small
firm samples. The coefficient on Treatp × Postt × Collectivismjt
in large firms is not significantly different from that of small firms,
suggesting that the results are not sensitive to sample selection
based on size. When the sample is divided by pollution emission,
the coefficients of Treatp× Postt ×Collectivismjt stay comparable
in both samples of firms with high and low pollution emissions as
shown in Table 6.

CONCLUSION AND POLICY
IMPLICATION

Climate change, commonly described as the “ultimate commons
problem,” is caused by anthropogenic glasshouse gas (GHG)
emissions such as CO2 and is anticipated to have severe ecological
and economic consequences. The industrial sector is a major
contributor to global glasshouse gas emissions. Together with
primary industries, the industrial sector is responsible for roughly
40% of worldwide glasshouse gas emissions. In this study, we
evaluated the impact of the CEO’s collectivistic background on
the firm’s pollution abatement behavior using the agricultural
root of the CEO’s birthplace as a measure of collectivism. We

found that as a result of the increased emission prices, firms’
pollutant emissions reduced considerably. We also found that,
in reaction to a change in environmental policy, collectivistic
CEOs are more likely than individualistic CEOs to take action
to reduce company pollution while maintaining firm production.
The results are unaffected by the sample firms’ size or pollutant
emission volume.

Overall, our research adds to the knowledge of the value of
a CEO’s intrinsic characteristics by shedding fresh light on the
relationship between personality traits and corporate pollution
abatement behavior. More crucially, we showed that corporate
pollution abatement behavior is heavily influenced by culture.
Our research highlights the importance of culture and has
significant implications for future research into the relationship
between culture and corporate behavior.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This
data can be found here: The Chinese Industrial Firm (CIF)
Database, the Chinese Industrial Firm Pollution Emission
(CIFPE) Database.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct, and intellectual
contribution to the work, and approved it for publication.

FUNDING

This research was funded by the Science and Technology
Research Project of Chongqing Education Commission:
Graduate Innovation Project of Chongqing Technology and
Business University (CYB21223).

REFERENCES
Ahern, K. R., Daminelli, D., and Fracassi, C. (2015). Lost in translation? The

effect of cultural values on mergers around the world. J. Financ. Econ. 117,
165–189.

Ang, J. B., and Fredriksson, P. G. (2017). Wheat agriculture and
family ties. Eur. Econ. Rev. 100, 236–256. doi: 10.1073/pnas.92.10.
4197

Becker, R., and Henderson, V. (2000). Effects of air quality regulations on polluting
industries. J. Polit. Econ. 108, 379–421. doi: 10.1086/262123

Berman, E., and Bui, L. T. M. (2001). Environmental regulation and productivity:
evidence from oil refineries. Rev. Econ. Stat. 83, 498–510. doi: 10.1162/
00346530152480144

Bisin, A., and Verdier, T. (2011). “The economics of cultural transmission and
socialization,” in Handbook of Social Economics, eds J. Benhabib, A. Bisin, and
M. O. Jackson (Amsterdam: North-Holland), 339–416.

Brandt, L., Van Biesebroeck, J., and Zhang, Y. (2012). Creative accounting or
creative destruction? Firm-level productivity growth in Chinese manufacturing.
J. Dev. Econ. 97, 339–351. doi: 10.1016/j.jdeveco.2011.02.002

Bu, D., and Liao, Y. (2014). Corporate credit risk prediction under stochastic
volatility and jumps. J. Econ. Dyn. Control 47, 263–281. doi: 10.1016/j.jedc.2014.
08.006

Bu, D., and Liao, Y. (2021). Shaming microloan delinquents: evidence from a
field experiment in China. Manag. Sci. 68, 3768–3790. doi: 10.1287/mnsc.2021.
4007

Bu, D., Hanspal, T., Liao, Y., and liu, Y. (2021). Cultivating self-control in fintech:
evidence from a field experiment on online consumer borrowing. J. Financ.
Quant. Anal. 1–43. doi: 10.1017/S0022109021000314

Coria, J. (2009). Taxes, permits, and the diffusion of a new technology. Resour.
Energy Econ. 31, 249–271. doi: 10.1016/j.reseneeco.2009.04.004

Cui, J., Tam, O. K., Wang, B., and Zhang, Y. (2020). The environmental effect of
trade liberalization: evidence from China’s manufacturing firms. World Econ.
43, 3357–3383. doi: 10.1111/twec.13005

DeBacker, J., Heim, B. T., and Tran, A. (2015). Importing corruption culture from
overseas: evidence from corporate tax evasion in the United States. J. Financ.
Econ. 117, 122–138.

Fitzgerald, T., and Liu, X. (2020). Shared Culture and Technological Innovation:
Evidence from corporate R&D teams. Working paper. Available at SSRN:
https://ssrn.com/abstract=3604278 or http://dx.doi.org/10.2139/ssrn.3604278
(accessed March 16, 2022).

Greenstone, M. (2002). The impacts of environmental regulations on industrial
activity: evidence from the 1970 and 1977 clean air act amendments and
the census of manufactures. J. Polit. Econ. 110, 1175–1219. doi: 10.1086/3
42808

Frontiers in Psychology | www.frontiersin.org 7 July 2022 | Volume 13 | Article 946111

https://doi.org/10.1073/pnas.92.10.4197
https://doi.org/10.1073/pnas.92.10.4197
https://doi.org/10.1086/262123
https://doi.org/10.1162/00346530152480144
https://doi.org/10.1162/00346530152480144
https://doi.org/10.1016/j.jdeveco.2011.02.002
https://doi.org/10.1016/j.jedc.2014.08.006
https://doi.org/10.1016/j.jedc.2014.08.006
https://doi.org/10.1287/mnsc.2021.4007
https://doi.org/10.1287/mnsc.2021.4007
https://doi.org/10.1017/S0022109021000314
https://doi.org/10.1016/j.reseneeco.2009.04.004
https://doi.org/10.1111/twec.13005
https://ssrn.com/abstract=3604278
http://dx.doi.org/10.2139/ssrn.3604278
https://doi.org/10.1086/342808
https://doi.org/10.1086/342808
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-13-946111 August 18, 2022 Time: 6:25 # 8

Wang et al. CEO Collectivism and Corporate Pollution

Greenstone, M. (2004). Did the Clean Air Act cause the remarkable decline in
sulfur dioxide concentrations? J. Environ. Econ. Manag. 47, 585–611. doi: 10.
1016/j.jeem.2003.12.001

Guiso, L., Sapienza, P., and Zingales, L. (2006). Does culture affect economic
outcomes? J. Econ. Perspect. 20, 23–48.

Hatcher, A. (2012). Market power and compliance with output quotas. Resour.
Energy Econ. 34, 255–269. doi: 10.1016/j.reseneeco.2011.12.002

Henderson, J. V. (1996). Effects of air quality regulation. Am. Econ. Rev. 86,
789–813.

Hilary, G., and Hui, K. W. (2009). Does religion matter in corporate decision
making in America? J. Financ. Econ. 93, 455–473.

Kumar, S. (2007). Fourth assessment report of the intergovernmental panel on
climate change: important observations and conclusions. Curr. Sci. 92, 1034–
1034.

Levinson, A. (1996). Environmental regulations and manufacturers’ location
choices: evidence from the census of manufactures. J. Public Econ. 62, 5–29.
doi: 10.1016/0047-2727(96)01572-1

Li, P., Lu, Y., and Wang, J. (2016). Does flattening government improve economic
performance? Evidence from China. J. Dev. Econ. 123, 18–37. doi: 10.1016/j.
jdeveco.2016.07.002

List, J. A., Millimet, D. L., Fredriksson, P. G., and McHone, W. W. (2003). Effects
of environmental regulations on manufacturing plant Births: evidence from
a propensity score matching estimator. Rev. Econo. Stat. 85, 944–952. doi:
10.1162/003465303772815844

Liu, H., Owens, K. A., Yang, K., and Zhang, C. (2020). Pollution abatement costs
and technical changes under different environmental regulations. China Econ.
Rev. 62, 101497. doi: 10.1016/j.chieco.2020.101497

Markus, H. R., and Kitayama, S. (1991). Culture and the self: implications for
cognition, emotion, and motivation. Psychol. Rev. 98, 224–253. doi: 10.1037/
0033-295X.98.2.224

Milliman, S. R., and Prince, R. (1989). Firm incentives to promote technological
change in pollution control. J. Environ. Econ. Manag. 17, 247–265. doi: 10.1016/
0095-0696(89)90019-3

Montero, J. (1998). Marketable pollution permits with uncertainty and
transaction costs. Resour. Energy Econ. 20, 27–50. doi: 10.1016/S0928-7655(97)0
0010-9

Montgomery, W. D. (1972). Markets in licenses and efficient pollution control
programs. J. Econ. Theory 5, 395–418. doi: 10.1016/0022-0531(72)90049-X

Moran, E. F. (1982). Human Adaptability: An Introduction to Ecological
Anthropology. Boulder, CO: Westview Press.

Nguyen, D. D., Hagendorff, J., and Eshraghi, A. (2018). Does a CEO’s cultural
heritage affect performance under competitive pressure? Rev. Financ. Stud. 31,
97–141.

Nisbett, R. E. (2003). The Geography of Thought: How Asians and Westerners Think
Differently. New York, NY: Free Press.

Nunn, N., and Qian, N. (2010). The Columbian exchange: a history of disease, food,
and ideas. J. Econ. Perspect. 24, 163–188. doi: 10.1257/jep.24.2.163

OECD, O. F. E. C., and IEA (2010). Energy Technology Perspectives 2010: Scenarios
and Strategies to 2050. Paris: OECD Paris.

Semenova, M. (2015). Individualism Vs. Collectivism: Effect on Our Pro-
environmental Behaviour. Master’s thesis. Dunedin: University of Otago.

Stavins, R. N. (2011). The problem of the commons: still unsettled after 100 years.
Am. Econ Rev. 101, 81–108. doi: 10.1257/aer.101.1.81

Strunk, D. R., and Chang, E. C. (1999). Distinguishing between fundamental
dimensions of individualism–collectivism: relations to sociopolitical attitudes
and beliefs. Pers. Individ. Differ. 27, 665–671. doi: 10.1016/S0191-8869(98)
00258-X

Talhelm, T., Zhang, X., Oishi, S., Shimin, C., Duan, D., Lan, X., et al. (2014). Large-
scale psychological differences within china explained by rice versus wheat
agriculture. Science 344, 603–608. doi: 10.1126/science.1246850

Tietenberg, T. H. (1990). Economic instruments for environmental regulation. Oxf.
Rev. Econ. Policy 6, 17–33. doi: 10.1093/oxrep/6.1.17

Vandello, J. A., and Cohen, D. (1999). Patterns of individualism and collectivism
across the United States. J. Pers. Soc. Psychol. 77, 279–292.

Voronov, M., and Singer, J. A. (2002). The myth of individualism-collectivism:
a critical review. J. Soc. Psychol. 142, 461–480. doi: 10.1080/002245402096
03912

Wagner, J. A., and Moch, M. K. (1986). Individualism-collectivism: concept
and measure. Group Organ. Stud. 11, 280–304. doi: 10.1177/10596011860
1100309

Wan, D., Xue, R., Linnenluecke, M., Tian, J., and Shan, Y. (2021). The impact of
investor attention during COVID-19 on investment in clean energy versus fossil
fuel firms. Financ. Res. Lett. 43, 101955. doi: 10.1016/j.frl.2021.101955

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Wang, Huang, Zhong and Li. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org 8 July 2022 | Volume 13 | Article 946111

https://doi.org/10.1016/j.jeem.2003.12.001
https://doi.org/10.1016/j.jeem.2003.12.001
https://doi.org/10.1016/j.reseneeco.2011.12.002
https://doi.org/10.1016/0047-2727(96)01572-1
https://doi.org/10.1016/j.jdeveco.2016.07.002
https://doi.org/10.1016/j.jdeveco.2016.07.002
https://doi.org/10.1162/003465303772815844
https://doi.org/10.1162/003465303772815844
https://doi.org/10.1016/j.chieco.2020.101497
https://doi.org/10.1037/0033-295X.98.2.224
https://doi.org/10.1037/0033-295X.98.2.224
https://doi.org/10.1016/0095-0696(89)90019-3
https://doi.org/10.1016/0095-0696(89)90019-3
https://doi.org/10.1016/S0928-7655(97)00010-9
https://doi.org/10.1016/S0928-7655(97)00010-9
https://doi.org/10.1016/0022-0531(72)90049-X
https://doi.org/10.1257/jep.24.2.163
https://doi.org/10.1257/aer.101.1.81
https://doi.org/10.1016/S0191-8869(98)00258-X
https://doi.org/10.1016/S0191-8869(98)00258-X
https://doi.org/10.1126/science.1246850
https://doi.org/10.1093/oxrep/6.1.17
https://doi.org/10.1080/00224540209603912
https://doi.org/10.1080/00224540209603912
https://doi.org/10.1177/105960118601100309
https://doi.org/10.1177/105960118601100309
https://doi.org/10.1016/j.frl.2021.101955
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Chief Executive Officer Collectivism and Corporate Pollution Abatement Behavior: Evidence From Industrial Firms in China
	Introduction
	Institutional Background
	Emission Fee Policy
	Agricultural Root of Collectivism/Individualism in China

	Hypothesis Development
	Data
	Empirical Analysis
	Baseline Results
	Chief Executive Officer Collectivism and Corporate Pollution Behavior

	Heterogeneous Analysis
	Conclusion and Policy Implication
	Data Availability Statement
	Author Contributions
	Funding
	References


