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Environmental regulation is an important tool for achieving environmental

protection. This study investigated how climate change a�ects firms’ actions to

reduce pollutant emissions through environmental regulations. We conducted a

pooled OLS regression analysis using data from Chinese industrial firms that were

above the designated size from2006 to 2013. The results showed that firms reduce

SO2 emissions in response to climate change, particularly when environmental

regulations are more stringent. However, firms prefer to reduce productivity and

implement “end-of-pipe” interventions than engage in more green innovation.

Our findings highlight how firms deal with climate change under the pressure of

environmental regulations and whether ecological considerations align or conflict

with economic goals.
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1. Introduction

Climate change is a pressing global issue that threatens environmental conditions

essential to human survival. In addition to causing rising sea levels and damaging ecological

systems, climate change exacerbates environmental deterioration by increasing the

likelihood of contaminants breaking down into harmful substances at higher temperatures.

However, “going green” is difficult (Clarke et al., 1994). As the main sources of pollutant

emissions, firms have little incentive to reduce pollution without regulations (Coase, 1960).

Furthermore, reducing pollutant emissions may cause an economic lag that can limit

productivity. The conflict between environmental concerns and economic growth is a

complex issue that perplexes many developing countries.

Developing countries have sacrificed the environment for economic development

resulting in many adverse repercussions for the global ecological system and

public health (Ebenstein, 2012). To achieve sustainable development, developing

countries must overcome the following challenges. First, there is insufficient

incentive for firms to reduce pollutant emissions, which is due to the characteristics

of the public goods environment and the externality of emissions. As a

result, firms lack the motivation to actively reduce pollution without external

regulations, which leads to public demand for regulations (Nordhaus, 2019).
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Second, achieving a harmonious coexistence between economic

growth and the environment is essential. In the process of economic

growth, production demands resources and emits pollutants into

the environment. Reducing pollutant emissions means accepting

the loss of economic growth opportunities (Gray and Shadbegian,

2003).

Most existing studies suggest that climate change has a negative

effect on firms’ production processes and financial behavior, such

as capital income (Dell et al., 2009), industry outputs (Hsiang

et al., 2017), employees’ mental and physical health (Ito and

Zhang, 2020), and the overall economic system (Stern, 1995; Dell

et al., 2012). Faced with climate change, firms tend to passively

accept its consequences and bear the associated costs and damages

(Clarkson et al., 2004). However, little is known about whether

firms take responsibility for reducing pollutant emissions. China,

as the world’s largest developing country and emerging market, has

achieved remarkable economic growth (Allen et al., 2005) while

also serving as the world’s industrial factory with the world’s largest

population. Consequently, it faces significant threats from climate

change. However, China’s success in environmental protection

can be viewed as an exemplar of promoting green development

worldwide (He et al., 2020).

In contrast to the market-oriented behavior in developed

Western countries, political incentives encourage firms in China

to trade-off public welfare. China has a land area of 9.6 million sq

km, making it difficult for the central government to manage the

country (Li and Zhou, 2005). As a result, local governments manage

local affairs with guidance from the central government (Tang et al.,

2017). Based on the Scientific Outlook on Development of former

President Hu Jintao, the China State Council proposed theDecision

on Implementing the Scientific Outlook on Development and

Strengthening Environmental Protection in 2006,1 which changed

China’s development model. The central government places great

emphasis on environmental problems which have become an

essential factor in their evaluation of the local government’s

performance, which has become an important consideration in

promoting local government officials to higher positions2 (He et al.,

2020).

Consequently, climate change threatens politicians’ political

careers. Faced with climate change, politicians have a greater

incentive to supervise local firms and curb pollutant emissions

to address climate change. In this study, we first examined the

effect of climate change on firms’ incentives to reduce pollutant

emissions. We employed a pooled ordinary least squares (OLS)

regression and used data from the Daily Surface Climatological

Data (DSCD) between 2006 and 2013 to measure climate change,

which provides China’s historical surface temperature information.

To measure pollutant emissions, we used the data on Chinese

industrial firms above the designated size from the China Annual

Survey of Industrial Firms (ASIF) database, focusing on sulfur

dioxide (SO2) emissions, which is consistent with Liu et al. (2021)

1 Refer to the China State Council website here: http://www.gov.cn/

gongbao/content/2006/content_169993.htm.

2 China State Council has proposed Opinions of The State Council on

Strengthening Key Work of Environmental Protection in 2011. The action

requires “One vote against” for politicians of local governments.

research due to the integrity and authority of SO2 emission data.

These data are monitored by the China Environmental Protection

Bureau, have abundant observations and less missing value.

Climate change is induced more by air contaminants

than liquid contaminants. Therefore, we examined whether

environmental regulations amplify or diminish the effects of

climate change on firms’ pollution emission reduction efforts, both

at the central and local levels, as suggested by Liu et al. (2021).

Additionally, we investigated the mechanisms and approaches that

firms use to reduce pollution. One approach involves changing the

production process by reducing operating time, while the other

approach involves “end-of-pipe” interventions, such as purchasing

treatment facilities (He et al., 2020). Furthermore Acemoglu et al.

(2011) and Brown et al. (2022) proposed that green innovation

can be an effective way to eliminate pollutant emissions while

maintaining economic competitiveness.

2. Hypothesis development

2.1. E�ect of climate change on firms’
pollution emission reduction e�orts

Developing countries pursue economic growth at the expense

of the ecological environment. Climate change accelerates the

worsening of pollution, such as pollutant deterioration into more

harmful contaminants, leading to serious ecological problems that

have sparked widespread social concern (He et al., 2020). Moreover,

climate change affects not only the ecological system but also

human health (Fu et al., 2021). There is growing public pressure

on the government to tighten its supervision to constrain firms’

pollutant emissions and impose heavy pollution taxes and penalties.

The public also requires the judicial system to punish firms when

they suffer serious pollution incidents (Jaffe et al., 2002). Therefore,

the government has responded to public demands by exerting

pressure on firms to reduce pollution.

Climate change also increases the risk of metamorphic

and secondary pollution, forcing governments to focus on this

aspect. China practices a “from top to bottom” environmental

regulation approach. The central government takes the lead

in environmental planning and policymaking, while local

governments are responsible for executing these plans (He et al.,

2020). Since 2006, environmental problems have become to

an essential factor in determining the career advancement of

local politicians under the one-vote veto system of the 12th

5-year plan of China. Consequently, firms that emit pollutants

have seriously affected the competitiveness of local government

officials for political promotion. This has forced local governments

to exert pressure on firms to reduce pollutant emissions.

Governments must tighten their supervision and urge local

firms to reduce emissions to avoid being voted down because of

environmental problems. Consequently, when climate change

is severe, environmental regulations may be used to prevent

environmental pollution incidents.

H1: Firms reduce their pollutant emissions to address

climate change.
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2.2. E�ect of environmental regulations

The issue of firms’ pollutant emissions has become a focus of

public criticism, forcing the government to adopt environmental

regulations to encourage firms to start reducing pollutant

emissions. Environmental regulations by the government should

address the negative externalities of environmental pollution and

hold firms accountable for environmental protection (Brown

et al., 2022). Environmental regulations in China are enacted by

both central and local governments. The decision to implement

the Scientific Outlook on Development and Strengthening

Environmental Protection3 has changed China’s development

model, which only considers economic development. The central

government has placed more weight on environmental problems

in evaluating the performance of local governments. This is

particularly relevant given the competition for political promotion

within the different hierarchies of local governments (Piotroski

et al., 2015), where local officials strive to avoid being negatively

impacted by environmental issues.

Administrative power plays a significant role in firms’ decision-

making processes (Dong et al., 2021). The government requires

firms to comply with the environmental policies of the region

in which they are registered. Firms also have a strong incentive

to comply with government regulations and public demands

to avoid disagreements and punishments (Liu et al., 2021).

Based on China’s “from top to bottom” environmental regulation

approach, He et al. (2020) found that firms located upstream of

environmental monitoring stations in rivers reduce approximately

57% of chemical oxygen demand emissions. Chen et al. (2017)

also discovered that the disclosure of environmental information

by listed firms is beneficial to social welfare and environmental

protection. When environmental regulations are stringent, firms

place greater emphasis on environmental problems and take action

to reduce pollutant emissions.

H2: Rigorous environmental regulations strengthen firms’

efforts to reduce their pollutant emissions in the face of

climate change.

3. Materials and methods

3.1. Data and sample

We use annual data of China’s above-scale industrial firms

from 2006 to 2013, and ordinary least squares (OLS) regression

with province- and year- fixed effects, to investigate how

climate change affects firms’ pollution behavior, with a focus

on environmental reregulations. Before 2006, local governments’

performance was evaluated based mostly on economic indicators,

and it was observed that local governments paid little attention to

environmental protection. We searched the Environmental Survey

and Reporting Database and the ASIF database for data up to 2013,

the end year of our search.

Climate change data were downloaded from DSCD, a

dataset published daily by the China National Meteorological

3 Refer to the China State Council website here: http://www.gov.cn/

gongbao/content/2006/content_169993.htm.

Administration. We converted the daily data into annual data by

calculating the average for the whole year from Jan-1-2006 to Dec-

31-2013. We then merged the climate change data from DSCD

with firm-year data from ASIF. Data on pollutant emissions (SO2)

and firms’ abatement methods were collected annually from the

Environmental Survey and Reporting Database.

Country-level environmental regulation data were manually

collected according to the list of “Two control zones,” which

were designated at the city level in 1998 by the State Council of

China.4 We merged this list of the two control zones with the

firm’s location. Data on environmental regulations at the local level

were obtained from two sources: The first was from the China

Statistical Yearbook, published by the China National Bureau of

Statistics, which provides province-level information. The second

source was based on the geographical proximity to the boundaries

of regions within provinces, cities, and counties, as determined

using the Baidu map and the Python framework. Green innovation

data were manually collected at the firm level. First, we manually

collected annual information on international patent classification

(IPC), which uniquely identifies the technological field of each

firm, from the China State Intellectual Property Office (CSIPO)

using the names of firms. We then matched the IPCs with the

patent lists from the World Intellectual Property Organization

(WIPO) and the Organization for Economic Co-operation and

Development (OECD). The remaining data, such as size and

leverage, were collected at the firm level from the ASIF database.

Data on region-level variables, such as economic and population

data, were obtained from the China Statistical Yearbook database.

We then deleted samples that could influence the accuracy

of the regression analysis based on the recommendations

by Brandt et al. (2009) and He et al. (2020). These

samples included omitted observations at any variable

level and those related to environmental protection

facilities. A total of 29, 3,848 observations were included

in our sample.

3.2. Regression model and variable
definition

Emissioni, t = β0 + β1Climatei, t +

N∑

n=2

βnControlsi, t

+Year FE+ Province FE+ ξi, t (1)

To investigate how climate change affects firms’ emission

reduction efforts on SO2, we used a regression model (1), where

the independent variable is Climate and the dependent variable is

Emission. Year FE and Province FE represent year and province

fixed effects, respectively, while ξ is the stochastic error term. The

specific definitions of each variable are as follows.

4 The two control zones policy ended in 2015, which did not fall in our

sample period.
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TABLE 1 Variable definitions.

Variables Unit Level Definition

Emission Logarithm Firm Natural logarithm of kilograms of firms’ SO2 emission.

Detatem3 Degree Province Mean temperature of current year minus mean temperature in the past 3 years.

Detatem5 Degree Province Mean temperature of current year minus mean temperature in the past 5 years.

Size Logarithm Firm Natural logarithm of total assets.

Lev Ratio Firm Total liabilities divided by total assets.

Intangible Ratio Firm Intangible assets divided by total assets.

ROA Ratio Firm Earnings after tax divided by total assets.

Age Logarithm Firm Natural logarithm of current year minus establishment year.

SOE Indicator Firm Equals 1 if the actual controller is government or its’ affiliations, and 0 otherwise.

Entry Logarithm Province Natural logarithm of the number of new entrants in the same industry and province

GDP Logarithm Province Natural logarithm of gross domestic product at province level

Structure Ratio Province Output value of third industry divided by GDP at province level

Urban Ratio Province Population in urban area divided by entire population at province level

Invest Logarithm Province Natural logarithm of government investment expenditure at province level

FDI Logarithm Province Natural logarithm of foreign direct investment

TABLE 2 Summary statistics.

Variables N Mean 25% Median 75% SD

Emission 293,807 9.714 6.938 8.408 9.794 11.137

Detatem3 293,807 0.416 0.141 0.244 0.376 0.553

Detatem5 293,807 0.421 0.111 0.227 0.431 0.587

Size 293,807 18.100 16.097 16.927 17.946 19.130

Lev 293,807 0.564 0.200 0.403 0.521 0.744

Intangible 293,807 0.003 0.000 0.000 0.000 0.000

ROA 293,807 0.099 −0.021 0.000 0.030 0.120

Age 293,807 2.128 1.099 1.609 2.197 2.639

SOE 293,807 0.104 0.000 0.000 0.000 0.000

Entry 293,807 2.290 0.693 1.386 2.197 3.045

GDP 293,807 28.173 27.188 27.687 28.260 28.760

Structure 293,807 0.391 0.334 0.352 0.385 0.420

Urban 293,807 0.523 0.385 0.438 0.514 0.608

Inv 293,807 27.620 26.559 27.158 27.714 28.164

FDI 293,807 26.961 25.557 26.035 26.829 27.880

3.2.1. Climate change (Detatem3 and Detatem5)
Sea level rise was widely used in previous studies to measure

climate change and its repercussions (Bernstein et al., 2019).

However, the applicability of this measurement method in China

remains questionable. There are two main reasons for this: first,

China generally has a high terrain, especially in the central and

western regions, which have mountains and plateaus. As a result,

sea level rise has a limited impact on numerous non-coastal firms

in the short term. Second, unlike the geographical characteristics of

the United States, which is adjacent to both the Atlantic and Pacific

oceans, China is located on the western Pacific continental shelf,

which has a distinct continental character, and its geographical

depth makes it more resistant to the impact of sea level rise.

The increasing occurrences of extreme temperatures in China

have alerted the awareness for public to restrain firms’ pollutant

emissions. For example, the observed extreme temperatures caused

by the West Pacific subtropical high in the middle and lower

reaches of the Yangtze River in 2022. According to Montzka et al.

(2011), the temperature increase is an appropriate measure of

climate change that can be directly observed. The DSCD database,
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TABLE 3 E�ects of climate change on firms’ SO2 emissions.

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

Emission Emission Emission Emission

Detatem3 −0.171∗∗∗ −0.219∗∗∗

(0.017) (0.016)

Detatem5 −0.100∗∗∗ −0.167∗∗∗

(0.017) (0.017)

Size 0.390∗∗∗ 0.390∗∗∗

(0.005) (0.005)

Lev 0.586∗∗∗ 0.585∗∗∗

(0.024) (0.024)

Intangible −1.821∗∗∗ −1.813∗∗∗

(0.279) (0.279)

ROA −0.098∗∗∗ −0.099∗∗∗

(0.030) (0.030)

Age −0.067∗∗∗ −0.067∗∗∗

(0.008) (0.008)

SOE 0.485∗∗∗ 0.485∗∗∗

(0.029) (0.029)

Entry 0.217∗∗∗ 0.217∗∗∗

(0.006) (0.006)

GDP −0.451∗∗∗ −0.516∗∗∗

(0.154) (0.155)

Structure 1.596∗∗∗ 1.588∗∗∗

(0.334) (0.334)

Urban −0.130 −0.128

(0.498) (0.498)

Inv 0.362∗∗∗ 0.363∗∗∗

(0.059) (0.059)

FDI −0.362∗∗∗ −0.360∗∗∗

(0.045) (0.045)

Intercept 9.786∗∗∗ 13.922∗∗∗ 9.757∗∗∗ 15.665∗∗∗

(0.010) (4.124) (0.010) (4.134)

Province FE Y Y Y Y

Year FE Y Y Y Y

N 293,807 293,807 293,807 293,807

Adj-R2 0.042 0.142 0.042 0.141

∗∗∗represent the significance of the coefficient at 1% level; standard error clustered by firm is

shown in the parenthesis.

which offers practical and feasible materials for studying climate

change, provides annual average temperature data for various

regions in China. Based on Deschenes and Greenstone (2007), we

calculated the difference between the average temperature of each

city in the current year and the average temperature of the past 3

and 5 years. The larger the value, the greater the climate change.

TABLE 4 Alternate measurement of SO2 emissions.

(1) (2)

Emission2 Emission2

Detatem3 −3.995∗∗∗

(0.437)

Detatem5 −1.886∗∗∗

(0.426)

Size −3.892∗∗∗ −3.894∗∗∗

(0.091) (0.091)

Lev 1.933∗∗∗ 1.912∗∗∗

(0.559) (0.559)

Intangible −52.477∗∗∗ −52.417∗∗∗

(8.489) (8.489)

ROA −8.130∗∗∗ −8.146∗∗∗

(0.652) (0.652)

Age −1.135∗∗∗ −1.139∗∗∗

(0.187) (0.187)

SOE 8.117∗∗∗ 8.108∗∗∗

(0.596) (0.596)

Entry 2.993∗∗∗ 2.992∗∗∗

(0.126) (0.126)

GDP −7.063∗ −8.852∗∗

(3.743) (3.751)

Structure 60.858∗∗∗ 59.712∗∗∗

(8.026) (8.042)

Urban 15.966 17.052

(10.496) (10.521)

Inv −5.587∗∗∗ −5.817∗∗∗

(1.355) (1.361)

FDI −8.350∗∗∗ −8.347∗∗∗

(1.226) (1.226)

Intercept 633.325∗∗∗ 689.063∗∗∗

(97.239) (97.774)

Province FE Y Y

Year FE Y Y

N 293,807 293,807

Adj-R2 0.069 0.068

∗ , ∗∗ , and ∗∗∗represent the significance of the coefficient at 10, 5, and 1%, respectively; standard

error clustered by firm is shown in the parenthesis.

3.2.2. Firms’ pollution behavior (Emission)
We used SO2 emissions to measure firms’ pollution behavior

based on the recommendations by Liu et al. (2021). SO2 is a primary

contaminant that causes acidification, which is harmful to natural

resources and directly contributes to human health issues (Liu

et al., 2021). First, since climate change is calculated according to
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TABLE 5 Change the definition of independent variables.

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

Emission Emission Emission Emission Emission Emission

Detatem4 −0.216∗∗∗

(0.017)

Detatem6 −0.172∗∗∗

(0.017)

Act_temp3 −0.066∗∗∗

(0.008)

Act_temp5 −0.062∗∗∗

(0.008)

Ext_tem3 −0.068∗∗∗

(0.008)

Ext_tem5 −0.067∗∗∗

(0.008)

Size 0.390∗∗∗ 0.390∗∗∗ 0.391∗∗∗ 0.391∗∗∗ 0.391∗∗∗ 0.391∗∗∗

(0.005) (0.005) (0.005) (0.005) (0.005) (0.005)

Lev 0.586∗∗∗ 0.585∗∗∗ 0.581∗∗∗ 0.581∗∗∗ 0.582∗∗∗ 0.581∗∗∗

(0.024) (0.024) (0.024) (0.024) (0.024) (0.024)

Intangible −1.811∗∗∗ −1.806∗∗∗ −1.817∗∗∗ −1.839∗∗∗ −1.835∗∗∗ −1.839∗∗∗

(0.279) (0.279) (0.279) (0.279) (0.279) (0.279)

ROA −0.099∗∗∗ −0.099∗∗∗ −0.104∗∗∗ −0.102∗∗∗ −0.103∗∗∗ −0.103∗∗∗

(0.030) (0.030) (0.030) (0.030) (0.030) (0.030)

Age −0.067∗∗∗ −0.067∗∗∗ −0.066∗∗∗ −0.066∗∗∗ −0.066∗∗∗ −0.066∗∗∗

(0.008) (0.008) (0.008) (0.008) (0.008) (0.008)

SOE 0.485∗∗∗ 0.485∗∗∗ 0.475∗∗∗ 0.476∗∗∗ 0.474∗∗∗ 0.475∗∗∗

(0.029) (0.029) (0.029) (0.029) (0.029) (0.029)

Entry 0.217∗∗∗ 0.217∗∗∗ 0.217∗∗∗ 0.217∗∗∗ 0.217∗∗∗ 0.217∗∗∗

(0.006) (0.006) (0.006) (0.006) (0.006) (0.006)

GDP −0.463∗∗∗ −0.508∗∗∗ −0.600∗∗∗ −0.607∗∗∗ −0.606∗∗∗ −0.603∗∗∗

(0.155) (0.155) (0.154) (0.154) (0.154) (0.154)

Structure 1.624∗∗∗ 1.597∗∗∗ 1.407∗∗∗ 1.458∗∗∗ 1.389∗∗∗ 1.411∗∗∗

(0.334) (0.335) (0.333) (0.333) (0.333) (0.333)

Urban −0.211 −0.219 0.134 −0.105 0.041 −0.002

(0.498) (0.499) (0.497) (0.497) (0.497) (0.497)

Inv 0.368∗∗∗ 0.368∗∗∗ 0.321∗∗∗ 0.330∗∗∗ 0.326∗∗∗ 0.327∗∗∗

(0.059) (0.059) (0.059) (0.059) (0.059) (0.059)

FDI −0.365∗∗∗ −0.362∗∗∗ −0.347∗∗∗ −0.360∗∗∗ −0.352∗∗∗ −0.354∗∗∗

(0.045) (0.045) (0.045) (0.045) (0.045) (0.045)

Intercept 14.234∗∗∗ 15.395∗∗∗ 19.684∗∗∗ 20.035∗∗∗ 19.942∗∗∗ 19.878∗∗∗

(4.134) (4.136) (4.110) (4.115) (4.112) (4.112)

Province FE Y Y Y Y Y Y

Year FE Y Y Y Y Y Y

N 293,807 293,807 293,807 293,807 293,807 293,807

Adj-R2 0.141 0.141 0.142 0.142 0.142 0.142

∗∗∗represent the significance of the coefficient at 1% level; standard error clustered by firm is shown in the parenthesis.

Frontiers in Ecology andEvolution 06 frontiersin.org

https://doi.org/10.3389/fevo.2023.1050642
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org


Xiao et al. 10.3389/fevo.2023.1050642

temperature changes in a specific region, it is more closely related

to air contaminants than liquid contaminants. SO2 emissions

destroy the atmosphere and lead to numerous pollution incidents.

Acidification and photochemical smog may have severe negative

effects on public health and result in significant ecological damage.

Second, SO2 emissions are better monitored in comparison to other

air contaminants, such as industrial dust and nitric oxide, and

have fewer omitted observations in the Environmental Survey and

Reporting Database, guaranteeing a certain level of data quality for

our sample (Liu et al., 2021).

We measured pollution using the natural logarithm of

kilograms of SO2 emissions, following Akey and Appel (2021). We

excluded observations where SO2 emissions were equal to zero

because it was difficult to distinguish whether the value was a

genuine zero or omitted, which may have introduced noise into our

research. Furthermore, we followed the approach recommended by

Liu et al. (2021) and calculated a relative number by dividing the

kilograms of SO2 emission by the constant price of gross industrial

output, adjusted for inflation, in the robustness check.

3.2.3. Control variables (Controls)
The control variables consisted of both firm-specific and city-

level variables, which may have affected firms’ emission behavior, as

recommended by Brandt et al. (2009) and He et al. (2020). Table 1

presents the definitions of the control variables.

4. Results

4.1. Summary statistics

Table 2 shows that the mean value of Emission is 9.714, which

implies that, during our sampling period, firms released an average

of 16, 547 kg of SO2 annually. The means of Detatem3 and

Detatem5 were 0.416 and 0.421, respectively, indicating that, on

average, the temperature of the current year is higher than that in

the past 3 and 5 years. This is consistent with the overall trend of

increasing temperatures. The other control variables in our study

were consistent with those of prior research (He et al., 2020).

4.2. Baseline results

Table 3 shows how climate change affects firms’ SO2 emissions

behavior. Columns (1) and (3) excluded the control variables,

whereas columns (2) and (4) included them. Regardless of

whether the independent variable was Detatem3 or Detatem5, the

coefficients among the four columns were negative and significant

at the 1% level. Considering the example of column (2), a unit of

Detatem3 increase led to an emission reduction of 6.18% [0.220

× (11.137 – 8.4.8)/9.714] from the 25th percentile to the 75th

percentile, indicating that an increase in climate change bolstered

firms’ efforts to mitigate SO2 emissions. Thus, Hypothesis 1 was

confirmed.

The results for the control variables are as follows: The

coefficient of Size was significantly positive, suggesting that big

firms had to engage in more productive activities to maintain their

going-concern status, compensate for marginally increasing costs,

and consequently produce more SO2 emissions. The coefficient

of Lev was significantly positive, suggesting that firms with large

financial leverage undertook more obligations to pay off their debt;

therefore, they created more cash flow by increasing productivity

at the expense of the environment. The coefficient of Intangible

was significantly negative, indicating that a greater number of

innovative firms were equipped to improve production efficiency

while using fewer resources and emitting less pollution. The

coefficient of ROA was significantly negative. High economic

efficiency is benefit for going green. The coefficient of Age was

significantly negative, indicating that startups lag behind compared

to incumbents. The coefficient of SOE was significantly positive,

indicating that state-owned firms were less worried about their

pollution behavior due to government assurance and having more

capital resources to increase their scale, leading to more pollution

(Allen et al., 2005). The coefficient of Entry was significantly

positive, indicating that new market entrants faced resistance from

incumbents who preferred to increase their productivity to occupy

the marketplace, leading to more SO2 emissions (Aghion et al.,

2001). Variables at the province level indicated that GDP and FDI

were negatively correlated with SO2 emissions, whereas Inv was

positively correlated with SO2 emissions, which is consistent with

the findings presented by Li and Zhou (2005), Chen et al. (2017),

He et al. (2020), and Liu et al. (2021).

4.3. Robustness check

4.3.1. Alternate measurements of SO2 emissions
Following the recommendations of Liu et al. (2021), we

replaced the dependent variable with a relative indicator of SO2

emission, which was adjusted by the industrial output value. Table 4

shows that Detatem3 and Detatem5 in columns (1)–(2) are both

negative and significant at the 1% level, ensuring the robustness of

our main results.

4.3.2. Alternate measurements of climate change
We made several revisions to our measurement of climate

change. First, we modified the calculation window period of the

core independent variable to 4 and 6 years, referred to as Detatem4

and Detatem6, respectively. Subsequently, we included the mean

and the highest temperature of each city over the past 3 years as

Act_temp3 and Ext_temp3, respectively, as well as over the past 5

years as Act_temp5 and Ext_temp5, respectively. Table 5 illustrates

that all coefficients of the alternative, independent variables were

negatively significant at the 1% level, confirming the robustness of

our baseline results.

4.3.3. Change the time series
We then tested whether firms’ SO2 emissions in the current

year were influenced by climate change in the previous year. Table 6

illustrates that both lags of Datatem3 and Datetem5 were negative

and significant at the 1% level, confirming the robustness of our

baseline results.
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TABLE 6 Change in the time series.

(1) (2)

Emission Emission

Detatem3 (T-1) −0.203∗∗∗

(0.020)

Detatem5 (T-1) −0.108∗∗∗

(0.023)

Size (T-1) 0.420∗∗∗ 0.420∗∗∗

(0.006) (0.006)

Lev (T-1) 0.586∗∗∗ 0.584∗∗∗

(0.027) (0.027)

Intangible (T-1) −1.808∗∗∗ −1.803∗∗∗

(0.292) (0.293)

ROA (T-1) −0.096∗∗∗ −0.098∗∗∗

(0.035) (0.035)

Age (T-1) −0.103∗∗∗ −0.103∗∗∗

(0.009) (0.009)

SOE (T-1) 0.459∗∗∗ 0.458∗∗∗

(0.033) (0.033)

Entry (T-1) 0.219∗∗∗ 0.219∗∗∗

(0.007) (0.007)

GDP (T-1) −0.222 −0.283

(0.193) (0.193)

Structure (T-1) 2.577∗∗∗ 2.550∗∗∗

(0.406) (0.406)

Urban (T-1) −0.417 −0.270

(0.596) (0.598)

Inv (T-1) 0.348∗∗∗ 0.332∗∗∗

(0.069) (0.069)

FDI (T-1) −0.546∗∗∗ −0.530∗∗∗

(0.056) (0.056)

Intercept 12.268∗∗ 13.890∗∗∗

(5.292) (5.295)

Province FE Y Y

Year FE Y Y

N 191,059 191,059

Adj-R2 0.156 0.156

∗∗ , and ∗∗∗ represent the significance of the coefficient at 5, and 1%, respectively; standard

error clustered by firm is shown in the parenthesis.

4.3.4. Di�erence model
We attempted to overcome the problem of omitted variables

by using the change model, following the recommendations by

Chen et al. (2018), which involved regressing the difference

between the current year and the previous year for all

variables. Table 7 shows the negative coefficients at the 1%

TABLE 7 Regression of the change model.

(1) (2)

1Emission 1Emission

1Detatem3 −0.023∗∗∗

(0.009)

1Detatem5 −0.026∗∗∗

(0.008)

1Size 0.043∗∗∗ 0.043∗∗∗

(0.006) (0.006)

1Lev 0.009 0.009

(0.012) (0.012)

1Intangible −0.060 −0.058

(0.178) (0.177)

1ROA 0.057∗∗∗ 0.057∗∗∗

(0.015) (0.015)

1Age 0.036∗∗∗ 0.036∗∗∗

(0.010) (0.010)

1SOE 0.033 0.034

(0.030) (0.030)

1Entry 0.008 0.008

(0.008) (0.008)

1GDP −0.446∗∗∗ −0.431∗∗∗

(0.152) (0.152)

1Structure −0.598∗∗ −0.564∗∗

(0.269) (0.271)

1Urban −0.891∗∗ −0.879∗∗

(0.410) (0.410)

1Inv −0.078 −0.071

(0.050) (0.050)

1FDI 0.105∗∗∗ 0.107∗∗∗

(0.032) (0.032)

Intercept 0.072∗∗∗ 0.067∗∗∗

(0.022) (0.022)

Province FE Y Y

Year FE Y Y

N 191,059 191,059

Adj-R2 0.002 0.002

∗∗ , and ∗∗∗ represent the significance of the coefficient at 5, and 1% respectively; standard

error clustered by firm is shown in the parenthesis.

significance level for Detatem3 (column 1) and Detatem5

(column 2). As the temperatures rose, firms acted to reduce

their SO2 emissions, confirming the robustness of our

baseline results.
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TABLE 8 Climate change and CO2 emissions at the province level.

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

CO2_Emission1 CO2_Emission1 CO2_Emission2 CO2_Emission2

Detatem3 −0.004∗∗∗ −0.036∗∗∗

(0.001) (0.008)

Detatem5 −0.007∗∗∗ −0.055∗∗∗

(0.001) (0.008)

Size 0.000 0.000 0.042∗∗∗ 0.042∗∗∗

(0.000) (0.000) (0.002) (0.002)

Lev 0.002∗∗∗ 0.002∗∗∗ 0.158∗∗∗ 0.159∗∗∗

(0.000) (0.000) (0.010) (0.010)

Intangible −0.029∗∗∗ −0.029∗∗∗ −2.109∗∗∗ −2.105∗∗∗

(0.008) (0.008) (0.182) (0.182)

ROA 0.001 0.001 −0.052∗∗∗ −0.053∗∗∗

(0.001) (0.001) (0.011) (0.011)

Age −0.000 −0.000 0.003 0.003

(0.000) (0.000) (0.004) (0.004)

SOE 0.002∗∗∗ 0.002∗∗∗ −0.092∗∗∗ −0.092∗∗∗

(0.000) (0.000) (0.012) (0.012)

Entry −0.000∗∗∗ −0.000∗∗∗ 0.031∗∗∗ 0.031∗∗∗

(0.000) (0.000) (0.003) (0.003)

GDP 0.348∗∗∗ 0.349∗∗∗ −1.009∗∗∗ −1.012∗∗∗

(0.012) (0.012) (0.033) (0.033)

Structure −0.500∗∗∗ −0.496∗∗∗ 0.177 0.191

(0.016) (0.016) (0.124) (0.124)

Urban 0.592∗∗∗ 0.588∗∗∗ 2.228∗∗∗ 2.236∗∗∗

(0.020) (0.020) (0.058) (0.058)

Inv 0.147∗∗∗ 0.148∗∗∗ 1.084∗∗∗ 1.089∗∗∗

(0.003) (0.003) (0.029) (0.029)

FDI −0.000 −0.000 −0.646∗∗∗ −0.647∗∗∗

(0.002) (0.002) (0.010) (0.010)

Intercept −8.172∗∗∗ −8.235∗∗∗ 15.919∗∗∗ 15.885∗∗∗

(0.328) (0.329) (0.280) (0.281)

Province FE Y Y Y Y

Year FE Y Y Y Y

N 293,807 293,807 293,807 293,807

Adj-R2 0.992 0.992 0.562 0.563

∗∗∗represent the significance of the coefficient at 1% respectively; standard error clustered by firm is shown in the parenthesis.

4.3.5. Evidence from CO2 emissions at the
province level

Furthermore, we examined the impact of climate change on

carbon dioxide emissions at the provincial level.5 To measure

5 Because of a lack of data, we could not obtain data on carbon dioxide

emission at the firm level. China’s disclosure regulations on carbon emissions

were weak, especially for the unlisted firms (Chen et al., 2017).

CO2 emissions, we employed the following two approaches:

the natural logarithm of the amount of CO2 emissions in

kilograms for every province (CO2_Emission1) and the ratio of

kilograms of CO2 emissions to total assets for every province

(CO2_Emission2).

Table 8 illustrates that the coefficients of Detatem3 and

Detatem5 were negatively correlated with CO2 emissions,

confirming the robustness of our results.
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TABLE 9 Cross-sectional test of environmental regulations at the central level.

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

Emission Emission Emission Emission

Detatem3 −0.164∗∗∗ −0.029

(0.018) (0.022)

Detatem5 −0.028 0.006

(0.018) (0.024)

Acid −0.327∗∗∗ −0.228∗∗∗

(0.027) (0.027)

SO2_control −0.120∗∗∗ −0.122∗∗∗

(0.018) (0.018)

Acid_control× Detatem3 −0.109∗∗∗

(0.033)

SO2_control× Detatem3 −0.078∗∗∗

(0.028)

Acid_control× Detatem5 −0.350∗∗∗

(0.036)

SO2_control× Detatem5 −0.075∗∗

(0.030)

Size 0.393∗∗∗ 0.408∗∗∗ 0.393∗∗∗ 0.408∗∗∗

(0.005) (0.005) (0.005) (0.005)

Lev 0.585∗∗∗ 0.370∗∗∗ 0.586∗∗∗ 0.369∗∗∗

(0.023) (0.020) (0.023) (0.020)

Intangible −1.817∗∗∗ −0.388 −1.794∗∗∗ −0.386

(0.279) (0.243) (0.279) (0.243)

ROA −0.121∗∗∗ 0.125∗∗∗ −0.122∗∗∗ 0.125∗∗∗

(0.030) (0.026) (0.030) (0.026)

Age −0.059∗∗∗ 0.026∗∗∗ −0.059∗∗∗ 0.026∗∗∗

(0.008) (0.007) (0.008) (0.007)

SOE 0.477∗∗∗ 0.299∗∗∗ 0.476∗∗∗ 0.299∗∗∗

(0.029) (0.025) (0.029) (0.025)

Entry 0.227∗∗∗ 0.026∗∗∗ 0.226∗∗∗ 0.026∗∗∗

(0.006) (0.006) (0.006) (0.006)

GDP −0.469∗∗∗ −0.044 −0.512∗∗∗ −0.039

(0.155) (0.034) (0.155) (0.034)

Structure 1.443∗∗∗ −0.054 1.365∗∗∗ −0.054

(0.334) (0.184) (0.334) (0.184)

Urban −0.400 −1.589∗∗∗ −0.068 −1.616∗∗∗

(0.497) (0.109) (0.499) (0.109)

Inv 0.361∗∗∗ 0.252∗∗∗ 0.329∗∗∗ 0.243∗∗∗

(0.059) (0.038) (0.059) (0.038)

FDI −0.363∗∗∗ −0.081∗∗∗ −0.362∗∗∗ −0.077∗∗∗

(0.045) (0.016) (0.045) (0.016)

(Continued)
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TABLE 9 (Continued)

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

Emission Emission Emission Emission

Intercept 14.760∗∗∗ −0.611 16.630∗∗∗ −0.581

(4.136) (0.454) (4.134) (0.454)

Province FE Y Y Y Y

Year FE Y Y Y Y

N 293,807 293,807 293,807 293,807

Adj-R2 0.144 0.349 0.144 0.349

∗∗ and ∗∗∗represent the significance of the coefficient 5, and 1%, respectively; standard error clustered by firm is shown in the parenthesis.

5. Cross-sectional tests

China has a large territory, which makes it difficult for the

government to adequately address the environmental issues of

the entire country. To address this issue, local governments

are responsible for executing environmental policies within

their respective jurisdictions, which are guided by the central

government’s principles of protecting the environment (Fu et al.,

2021).

Political incentives are essential for promoting environmental

protection and recovery (Acemoglu and Robinson, 2013).

According to the public choice theory, political decisions are

based on the balance of cost and benefit for politicians (Buchanan,

1983), while the goal of obtaining as many votes as possible is

a top priority for them. As the sole ruling party in China, the

Community Party of China places great importance on improving

public welfare in its governance of the whole country. Therefore,

the central government should regulate firms’ emission behavior to

benefit public health. The central government assigns regulatory

functions to local governments and monitors local governments’

environmental protection performance, which is essential for

local politicians’ promotions. In this way, local politicians are

incentivized to constrain pollutant emissions by requiring firms to

obey local environmental policies. We examined cross-sectional

data to evaluate the effectiveness of environmental regulations by

both the central and local governments.

5.1. Environmental regulations at the
country level

Several studies have attempted to determine how

environmental regulations implemented by the Chinese central

government can help achieve emission reduction targets. For

example, He et al. (2020) utilized water quality monitoring stations

located in the rivers of China and found lower chemical oxygen

demand emissions upstream rather than downstream. Liu et al.

(2021) examined the “Two control zones” designated by the

Chinese central government and found that stronger regulations

led to reduced pollutant emissions for firms facing earnings

pressure. The central government has formulated environmental

policies and appraisal programs at the national level (He et al.,

2020). In this study, we manually collected data on acid and SO2

from the “Two control zones.”

Table 9 shows that the coefficients of the interaction

terms Acid_control×Detatem3, SO2_control×Detatem3,

Acid_control×Detatem5, and SO2_control×Detatem5 were

negative and significant at the 1% level, illustrating that stronger

environmental regulations implemented by the central government

led to a greater reduction in SO2 emissions among firms facing

climate change.

5.2. Environmental regulations at the local
level

5.2.1. The strength of environmental regulations
by local governments

In China, local governments implement environmental policies

and formulate local regulations with regional characteristics.

China is a large country and, therefore, it is difficult for the

central government to comprehensively collect and disseminate

information to the entire country (Hayek, 1945). In addition,

local customs and interest preferences vary across different

local areas, making it difficult to impose inflexible regulations

uniformly across the country. To address this issue, various local

governments manage local areas and execute laws and regulations.

The central government has established measures to evaluate local

governments’ performance in local development (Li and Zhou,

2005).

The Scientific Outlook on Development has had a profound

effect on China’s economic growth by emphasizing the importance

of environmental protection in evaluating local governments’

performance. Consequently, local officers generally implement

stronger environmental regulations to reduce pollutant emissions

from firms. Additionally, local fiscal authorities are responsible

for assessing environmental damage and developing various

environmental prevention measures. We investigated how the

strength of local environmental regulations affects the reduction

of SO2 emissions caused by climate change. According to

previous research, the strength of environmental regulations can

be assessed by evaluating investments in addressing regional

environmental pollution at the provincial level (Berman and Bui,

2001). Specifically, we identified the median value among all

provinces per year, and samples above the median value indicated
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that the firms’ location is subject to stringent environmental

regulations. We used an indicator variable, ER, that equals 1 if

regulations are stringent or 0 otherwise.

Table 10 shows that the interaction terms ER × Detatem3 and

ER×Detatem5were negative at the 1% significance level. Themore

stringent the environmental regulations, the greater the reduction

in SO2 emissions due to climate change.

5.2.2. Boundary e�ect of local governments’
environmental regulations

Local governments are limited in their ability to enforce

environmental regulations. First, fierce competition among local

governments in the same rank aggravates their short-sighted

behaviors and makes them prefer beggar-thy-neighbor policies that

only benefit them and undermine neighboring provinces (Li and

Zhou, 2005). Second, there is an information asymmetry between

local and central governments, aggravating local governments’

opportunistic behaviors (Piotroski et al., 2015). Economic growth

and environmental protection are two major factors determining

local government officials’ likelihood of promotion. However,

the inherent contradiction between economic and environmental

indicators is difficult to mediate (Acemoglu et al., 2011).

Previous studies found that local governments improve local

economic indicators at the cost of the welfare of surrounding areas,

especially along provincial boundaries (Sigman, 2005). However,

pollutants are mobile and diffusive (Akey and Appel, 2021).

Pollutants released at the boundaries of administrative regions

spread to other areas through the air, water, and other channels,

resulting in the spillover effects of pollution. Economic figures

and tax benefits generated by polluting firms are captured by

local governments, while environmental governance costs spill

over to other administrative regions. Therefore, to improve their

own economic indicators and disperse environmental costs, local

governments tend to strengthen environmental regulations on

firms located far from the borders and relax environmental

regulations on firms located close to the borders. We first identified

the latitude and longitude of the firms based on the Baidu map

and calculated their geographical distance to the nearest provincial

border. We then identified whether the firms were closer to the

province, city, or county border. Firms closer to the border,

that is, whose distance from the border is below the median

of all firms in the same region, were subject to fewer local

government environmental regulations. Near_province, Near_city,

and Near_county were 1 if the firms were near the border or

0 otherwise.

The results shown in Table 11 confirm our inference. At

the provincial boundary level, the coefficients of interaction

terms Near_province × Detatem3 and Near_province × Detatem5

in columns (1) and (4) were significantly positive at the 1%

level. Moreover, the sum of Near_province × Detatem5 and

Near_province was positive, indicating that climate change has a

positive influence on firms’ SO2 emissions when they are near

the provincial boundary. These firms emit more SO2 compared

to firms that are far from the province boundary. The results

are also supported by the evidence at the city and county levels

of boundaries where the coefficients for Near_city × Detatem3,

TABLE 10 The e�ect of the strength of environmental regulations.

(1) (3)

Emission Emission

ER −0.181∗∗∗ −0.149∗∗∗

(0.017) (0.017)

Detatem3 −0.034∗

(0.018)

ER× Detatem3 −0.137∗∗∗

(0.032)

Detatem5 0.038∗∗

(0.018)

ER× Detatem5 −0.199∗∗∗

(0.031)

ER −0.181∗∗∗ −0.149∗∗∗

(0.017) (0.017)

Size 0.406∗∗∗ 0.406∗∗∗

(0.005) (0.005)

Lev 0.369∗∗∗ 0.367∗∗∗

(0.020) (0.020)

Intangible −0.378 −0.382

(0.243) (0.243)

ROA 0.138∗∗∗ 0.138∗∗∗

(0.026) (0.026)

Age 0.021∗∗∗ 0.021∗∗∗

(0.007) (0.007)

SOE 0.299∗∗∗ 0.298∗∗∗

(0.025) (0.025)

Entry 0.011∗ 0.011∗

(0.006) (0.006)

GDP −0.008 −0.012

(0.034) (0.034)

Structure −0.605∗∗∗ −0.622∗∗∗

(0.184) (0.184)

Urban −1.390∗∗∗ −1.411∗∗∗

(0.109) (0.109)

Inv 0.179∗∗∗ 0.176∗∗∗

(0.038) (0.038)

FDI −0.068∗∗∗ −0.062∗∗∗

(0.015) (0.015)

Intercept 0.209 0.249

(0.451) (0.451)

Province FE Y Y

Year FE Y Y

N 293,801 293,801

Adj-R2 0.350 0.350

∗ , ∗∗ , and ∗∗∗ represent the significance of the coefficient at 10, 5, and 1%, respectively;

standard error clustered by firm is shown in the parenthesis.
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TABLE 11 Cross-sectional test of environmental regulations at the local level.

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

Emission Emission Emission Emission Emission Emission

Detatem3 −0.199∗∗∗ −0.129∗∗∗ −0.134∗∗∗

(0.020) (0.020) (0.020)

Near_province −0.120∗∗∗ −0.143∗∗∗

(0.017) (0.017)

Near_province× Detatem3 0.242∗∗∗

(0.028)

Near_city −0.021 −0.009

(0.017) (0.017)

Near_city× Detatem3 0.093∗∗∗

(0.028)

Near_county −0.198∗∗∗ −0.184∗∗∗

(0.017) (0.017)

Near_county× Detatem3 0.101∗∗∗

(0.028)

Detatem5 −0.193∗∗∗ −0.082∗∗∗ −0.079∗∗∗

(0.021) (0.021) (0.021)

Near_province× Detatem5 0.294∗∗∗

(0.029)

Near_city× Detatem5 0.065∗∗

(0.029)

Near_county× Detatem5 0.065∗∗

(0.030)

Size 0.407∗∗∗ 0.407∗∗∗ 0.410∗∗∗ 0.407∗∗∗ 0.407∗∗∗ 0.410∗∗∗

(0.005) (0.005) (0.005) (0.005) (0.005) (0.005)

Lev 0.371∗∗∗ 0.371∗∗∗ 0.372∗∗∗ 0.370∗∗∗ 0.371∗∗∗ 0.371∗∗∗

(0.020) (0.020) (0.020) (0.020) (0.020) (0.020)

Intangible −0.381 −0.366 −0.391 −0.375 −0.368 −0.390

(0.243) (0.243) (0.243) (0.243) (0.244) (0.243)

ROA 0.125∗∗∗ 0.127∗∗∗ 0.121∗∗∗ 0.124∗∗∗ 0.127∗∗∗ 0.121∗∗∗

(0.026) (0.026) (0.026) (0.026) (0.026) (0.026)

Age 0.021∗∗∗ 0.021∗∗∗ 0.022∗∗∗ 0.020∗∗∗ 0.020∗∗∗ 0.022∗∗∗

(0.007) (0.007) (0.007) (0.007) (0.007) (0.007)

SOE 0.298∗∗∗ 0.300∗∗∗ 0.308∗∗∗ 0.298∗∗∗ 0.300∗∗∗ 0.308∗∗∗

(0.025) (0.025) (0.025) (0.025) (0.025) (0.025)

Entry 0.016∗∗ 0.016∗∗ 0.016∗∗∗ 0.016∗∗ 0.016∗∗ 0.016∗∗∗

(0.006) (0.006) (0.006) (0.006) (0.006) (0.006)

GDP −0.039 −0.045 −0.049 −0.035 −0.042 −0.046

(0.034) (0.034) (0.034) (0.034) (0.034) (0.034)

Structure −0.362∗∗ −0.315∗ −0.344∗ −0.363∗∗ −0.314∗ −0.343∗

(0.184) (0.184) (0.184) (0.184) (0.184) (0.184)

Urban −1.356∗∗∗ −1.377∗∗∗ −1.337∗∗∗ −1.370∗∗∗ −1.402∗∗∗ −1.363∗∗∗

(0.110) (0.109) (0.109) (0.110) (0.109) (0.109)

(Continued)
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TABLE 11 (Continued)

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

Emission Emission Emission Emission Emission Emission

Inv 0.244∗∗∗ 0.253∗∗∗ 0.263∗∗∗ 0.237∗∗∗ 0.247∗∗∗ 0.256∗∗∗

(0.038) (0.038) (0.038) (0.038) (0.038) (0.038)

FDI −0.103∗∗∗ −0.105∗∗∗ −0.101∗∗∗ −0.101∗∗∗ −0.102∗∗∗ −0.098∗∗∗

(0.016) (0.016) (0.016) (0.016) (0.016) (0.015)

Intercept 0.092 0.002 −0.255 0.113 0.017 −0.237

(0.20) (0.00) (−0.56) (0.25) (0.04) (−0.52)

Province FE Y Y Y Y Y Y

Year FE Y Y Y Y Y Y

N 293,801 293,801 293,801 293,801 293,801 293,801

Adj-R2 0.349 0.348 0.350 0.349 0.348 0.350

∗ , ∗∗ , and ∗∗∗ represent the significance of the coefficient at 10, 5, and 1%, respectively; standard error clustered by firm is shown in the parenthesis.

Near_city×Detatem5, Near_county×Detatem3, andNear_county

× Detatem5 were significantly positive at the 1% level.

6. Additional tests: Emission reduction
e�orts

Is environmental protection detrimental or beneficial to

firms’ competitiveness? The relationship between environmental

protection and economic growth indicates that environmental

regulations and firms’ efforts to reduce pollutants have two aspects.

Rugman and Verbeke (1998) proposed an analytical framework

for understanding how firms mitigate environmental risks and

comply with regulations. From a conflict viewpoint, environmental

risks and regulations may restrict firms’ competitiveness, leading

to a trade-off between economic growth and environmental

protection (Clarkson et al., 2004). The static conflict view suggests

that firms only passively mitigate environmental risks and

comply with regulations, which makes it difficult to identify and

capture potential green development opportunities (Gray and

Shadbegian, 2003). However, the dynamic conflict view suggests

that firms implement measures actively to reduce the negative

impact of environmental risks and regulations on economic

performance, but they do not commit to green development

(Walley, 1994). As the concept of “green development” has

become the consensus of all members of society, the possibility

that environmental regulations and economic performance

complement each other has attracted wider attention (Buysse

and Verbeke, 2003). According to the static coordination

view, firms proactively invest in environmental protection

to simultaneously protect the environment and maintain

their own economic interests. According to the dynamic

coordination view, a compensation effect occurs when firms are

devoted to green innovation by reducing negative externalities.

Through green innovation, firms create unique green competitive

advantages and generate additional economic benefits, leading

to environmental risks and regulations (Porter and Linde,

1995). Based on the aforementioned four different views,

Rugman and Verbeke (1998) believe that environmental risks

and regulations have various impacts on firms. Examining the

measures that managers implement to cope with environmental

risks and regulations can clarify whether environmental

protection and economic performance are complementary

or incompatible.

According to previous studies, to address climate change and

environmental regulation pressure, firms implement measures

such as constraining pollution productivity processes (e.g.,

directly reducing input and pollutant emission) and implementing

“end-of-pipe” interventions (e.g., purchasing environmental

protection equipment to achieve terminal control of pollutant

emission) (He et al., 2020). Clarke et al. (1994) believe that

firms facing environmental problems (e.g., climate change)

and regulatory pressure need a breakthrough in product and

technology innovation rather than passively accepting these

challenges. Green innovation can create a harmonious coexistence

between environmental protection and economic growth

for firms (Brown et al., 2022) and can be incorporated into

the production process. Firms’ green technology advantage

creates barriers to entry, which helps firms maintain green

market competitiveness and drives them to produce new

green kinetics for continuous development (Acemoglu et al.,

2011).

In this study, we explored how firms approach environmental

protection measures in the face of climate change and

environmental regulations. Drawing on previous research

such as that by Acemoglu et al. (2011) and He et al. (2020), we

identified three strategies that firms devise to reduce pollution.

First, firms should aim to reduce the input of production

factors that contribute to pollution. This involves measures

such as shortening the production process and reducing energy

consumption, which, in turn, reduces the emission of toxic

SO2. Second, through “end-of-pipe” interventions, firms should

invest in environmental protection equipment and expand

the capacity of their equipment to deal with waste. Finally,

firms should invest in green innovation to develop more

green patents.
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6.1. Reducing pollutive productivity process

Table 12 shows how climate change helps firms reduce

pollution by reducing production factor inputs. Columns (1)

and (2) used the natural logarithm of the enterprise’s annual

production hours as the dependent variable. Columns (3)

and (4) used the natural logarithm of firms’ annual coal

tonnage as the dependent variable. The results showed that

the coefficients of Detatem3 and Detatem5 were all significantly

negative, indicating that the greater the climate change, the

fewer the annual production hours of firms and the energy

consumption of coal. Therefore, the results confirmed that firms

generally address climate change and environmental regulations

by reducing the input of production factors in the productivity

process.

6.2. Investing in the improvement of the
ability to reduce pollutant emissions

Table 13 shows whether firms adopted the end-of-pipe

intervention strategy by investing in environmental protection

equipment to reduce contaminant emissions in the face of

climate change. The dependent variable in columns (1) and

(2) was the natural logarithm of the number of environmental

protection equipment of the firm. The independent variable in

columns (3) and (4) was the unit capacity of the environmental

protection equipment to tackle contaminants, which is the

unit indicator of the end-of-pipe intervention. The results

showed that the coefficients of climate change are significantly

positive, suggesting that firms increased their environmental

protection investments, including purchasing equipment and

improving their capacity, to reduce emissions as climate change

intensifies.

6.3. Green innovation

The existing studies used the number of patents successfully

applied for by firms in the current year as the measurement

of innovation capability; that is, the applications applied for by

firms in the current year are eventually approved in the future

(Moshirian et al., 2021). Following this approach, we used an

authoritative list to identify green patents and then examined

whether firms successfully innovate more green patents in the

face of climate change. The WIPO and OECD have put forward

lists identifying whether a patent is green. The WIPO green

patent list is based on the patent’s IPC, while the OECD green

patent list is based on both the patent’s IPC and Communist

Party of China classification. However, China’s patent system

only adopts the IPC number of CSIPO. Therefore, this study

followed the recommendations by Cohen et al. (2020) and

adopted the IPC number in the green patent classification of

the OECD.

We manually collected the IPC number from green patent

classification lists issued by WIPO and OECD and then searched

for the IPC classification of each enterprise’s patent from the CSIPO

website. We matched the aforementioned three datasets to identify

whether a given patent was green and then examined whether

it was authorized by CSIPO. We retained green patents applied

for by firms in the current year and eventually granted them in

future years under two sets of green patent classification criteria.

We summarized them at the firm-year level and transferred them

to one plus the natural logarithm. However, we did not find any

evidence that climate change improves firms’ green innovation.

Table 14 shows that the coefficients of Detatem3 and Detatem5

were insignificant.

The results in Tables 12–14 showed that, faced with climate

change and environmental regulatory pressures, firms resort to

reducing factor input and expanding investment in environmental

protection rather than actively engaging in green innovation to

achieve technological breakthroughs. Our findings are similar to

those of Cohen and Zarowin (2010) and Liu et al. (2021), who found

that, when facing pressure, firms tend to prioritize short-term gains

over long-term benefits.

7. Discussion and conclusion

7.1. Discussion

This study examined the impact of climate change on firms’

pollutant emissions in China. Climate change raises awareness

among the public and government regarding environmental

problems. China’s environmental regulations are led by the

central government, while local governments implement the

central government’s guidelines. Since environmental problems

have become a important factor for local politicians to advance

in their careers, the government has mandated that firms adhere

to environmental regulations to avoid being outvoted. Therefore,

firms have been compelled to reduce pollutant emissions to

avoid incurring social and political costs and to maintain their

relationships with local governments.

This study contributes to the existing literature in the following

ways: First, this study bridges the gap in the literature regarding

the effect of climate change on firm behavior. Prior research

mainly focused on the adverse effects of climate change on firms’

behavior, such as reduced productivity (Fu et al., 2021), lower stock

market returns (Bolton and Kacperczyk, 2021), altered asset pricing

(Barnett et al., 2020), and changes in investment decisions (Pástor

et al., 2021). However, there was little research on how climate

change affects firms’ green efforts. Therefore, using temperature

data, environmental regulations, and firms’ pollutant emissions in

China, we examined whether firms facing climate change would

undertake positive actions to adopt more sustainable practices or

“go green.”

Second, we determined how environmental regulations affect

firms’ environmental protection behavior. Unlike the voting system

in developed countries, the pressure of championship (Li and

Zhou, 2005) and supervision of the central government (Piotroski

et al., 2015) motivate Chinese local government officials to

constrain pollutant emissions to ensure the success of their political

careers (He et al., 2020; Liu et al., 2021). We also discovered

that environmental regulations enforced by both central and

local governments affect the pollutant emissions of firms when
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TABLE 12 Climate change and firms’ productivity processes.

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

Hours of productivity Hours of productivity Coal consumption Coal consumption

Detatem3 −0.047∗∗∗ −0.096∗∗∗

(0.009) (0.010)

Detatem5 −0.040∗∗∗ −0.026∗∗

(0.009) (0.011)

Size 0.113∗∗∗ 0.113∗∗∗ 0.164∗∗∗ 0.164∗∗∗

(0.002) (0.002) (0.004) (0.004)

Lev 0.069∗∗∗ 0.069∗∗∗ −0.116∗∗∗ −0.116∗∗∗

(0.010) (0.010) (0.013) (0.013)

Intangible −0.298 −0.296 −0.274 −0.274

(0.204) (0.204) (0.232) (0.232)

ROA 0.080∗∗∗ 0.080∗∗∗ 0.082∗∗∗ 0.082∗∗∗

(0.012) (0.012) (0.013) (0.013)

Age −0.027∗∗∗ −0.027∗∗∗ 0.015∗∗∗ 0.015∗∗∗

(0.004) (0.004) (0.005) (0.005)

SOE −0.016 −0.017 0.035∗∗ 0.035∗∗

(0.010) (0.010) (0.017) (0.017)

Entry 0.092∗∗∗ 0.092∗∗∗ −0.023∗∗∗ −0.023∗∗∗

(0.003) (0.003) (0.004) (0.004)

GDP 0.094 0.082 2.582∗∗∗ 2.529∗∗∗

(0.076) (0.076) (0.126) (0.124)

Structure 0.355∗∗ 0.357∗∗ 2.437∗∗∗ 2.393∗∗∗

(0.179) (0.179) (0.237) (0.236)

Urban −0.508∗ −0.512∗ 0.579 0.622

(0.262) (0.262) (0.396) (0.395)

Inv 0.038 0.039 0.591∗∗∗ 0.581∗∗∗

(0.029) (0.029) (0.037) (0.038)

FDI 0.077∗∗∗ 0.078∗∗∗ 0.436∗∗∗ 0.436∗∗∗

(0.023) (0.023) (0.027) (0.027)

Intercept 0.335 0.620 −104.585∗∗∗ −102.841∗∗∗

(2.003) (2.000) (3.713) (3.669)

Province FE Y Y Y Y

Year FE Y Y Y Y

N 293,807 293,807 293,807 293,807

Adj-R2 0.053 0.053 0.161 0.161

∗ , ∗∗ , and ∗∗∗ represent the significance of the coefficient at 10, 5, and 1%, respectively; standard error clustered by firm is shown in the parenthesis.

they are confronted with the challenges of addressing climate

change.

Finally, we clarified whether environmental considerations and

economic goals are complementary or incompatible (Rugman

and Verbeke, 1998). We also expanded on the research of He

et al. (2020) by investigating which approach to environmental

protection is most effective under the pressure of climate change

and environmental regulations. These approaches include direct

reduction of pollutive productivity and energy consumption,

implementing “end-of-pipe” interventions such as purchasing

environmental protection equipment (He et al., 2020) and

promoting green innovation (Acemoglu et al., 2011).
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TABLE 13 Climate change and firms’ end-of-pipe intervention.

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

Number of
equipment tackling

waste gas

Number of
equipment tackling

waste gas

Capacity of
equipment tackling

waste gas

Capacity of
equipment tackling

waste gas

Detatem3 0.027∗∗∗ 0.158∗∗∗

(0.005) (0.031)

Detatem5 0.017∗∗∗ 0.123∗∗∗

(0.005) (0.029)

Size 0.093∗∗∗ 0.093∗∗∗ 0.391∗∗∗ 0.391∗∗∗

(0.002) (0.002) (0.007) (0.007)

Lev 0.036∗∗∗ 0.036∗∗∗ 0.305∗∗∗ 0.306∗∗∗

(0.005) (0.005) (0.031) (0.031)

Intangible −0.107 −0.108 0.108 0.102

(0.103) (0.103) (0.594) (0.594)

ROA 0.039∗∗∗ 0.039∗∗∗ 0.121∗∗∗ 0.122∗∗∗

(0.006) (0.006) (0.035) (0.035)

Age 0.019∗∗∗ 0.019∗∗∗ 0.006 0.006

(0.002) (0.002) (0.012) (0.012)

SOE 0.116∗∗∗ 0.116∗∗∗ 0.331∗∗∗ 0.331∗∗∗

(0.008) (0.008) (0.034) (0.034)

Entry 0.051∗∗∗ 0.051∗∗∗ 0.236∗∗∗ 0.236∗∗∗

(0.002) (0.002) (0.009) (0.009)

GDP 0.078∗ 0.088∗ 1.542∗∗∗ 1.588∗∗∗

(0.045) (0.045) (0.265) (0.265)

Structure −0.021 −0.016 −1.143∗∗ −1.140∗∗

(0.099) (0.099) (0.567) (0.568)

Urban 0.524∗∗∗ 0.520∗∗∗ −0.442 −0.441

(0.146) (0.146) (0.833) (0.833)

Inv −0.101∗∗∗ −0.100∗∗∗ −0.386∗∗∗ −0.388∗∗∗

(0.017) (0.017) (0.097) (0.097)

FDI 0.069∗∗∗ 0.069∗∗∗ 0.790∗∗∗ 0.788∗∗∗

(0.013) (0.013) (0.074) (0.074)

Intercept −2.931∗∗ −3.223∗∗∗ −57.386∗∗∗ −58.578∗∗∗

(1.181) (1.183) (7.001) (7.014)

Province FE Y Y Y Y

Year FE Y Y Y Y

N 293,807 293,807 293,807 293,807

Adj-R2 0.415 0.415 0.533 0.533

∗ , ∗∗ , and ∗∗∗ represent the significance of the coefficient at 10, 5, and 1%, respectively; standard error clustered by firm is shown in the parenthesis.

7.2. Conclusion

Our results revealed that firms in China reduce pollutant

emissions because of climate change, an action that is motivated

by political pressure. Cross-sectional tests indicated that in areas

with “Two control zones” established by the central government

and in areas where local governments enforce more stringent

environmental regulations, firms are more effective in reducing

pollutant emissions when faced with climate change. Furthermore,

firms reduce pollutant emissions by limiting productivity and

implementing end-of-pipe interventions. However, there was no

evidence to suggest that climate change enhances firms’ green
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TABLE 14 Climate change and green innovation.

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

Green innovation
under the

classification of OECD

Green innovation under
the classification of

OECD

Green innovation under
the classification of

WIPO

Green innovation under
the classification of

WIPO

Detatem3 0.001 −0.001

(0.001) (0.002)

Detatem5 −0.001 −0.001

(0.001) (0.002)

Size 0.010∗∗∗ 0.010∗∗∗ 0.019∗∗∗ 0.019∗∗∗

(0.000) (0.000) (0.001) (0.001)

Lev −0.002∗∗ −0.002∗∗ −0.004∗∗ −0.004∗∗

(0.001) (0.001) (0.001) (0.001)

Intangible −0.061∗∗∗ −0.061∗∗∗ −0.132∗∗∗ −0.132∗∗∗

(0.009) (0.009) (0.013) (0.013)

ROA 0.005∗∗∗ 0.005∗∗∗ 0.007∗∗∗ 0.007∗∗∗

(0.001) (0.001) (0.002) (0.002)

Age 0.001∗∗∗ 0.001∗∗∗ 0.003∗∗∗ 0.003∗∗∗

(0.000) (0.000) (0.001) (0.001)

SOE 0.017∗∗∗ 0.017∗∗∗ 0.034∗∗∗ 0.034∗∗∗

(0.002) (0.002) (0.003) (0.003)

Entry −0.001∗∗ −0.001∗∗ −0.003∗∗∗ −0.003∗∗∗

(0.000) (0.000) (0.000) (0.000)

GDP −0.001 −0.000 0.016 0.016

(0.007) (0.007) (0.011) (0.011)

Structure 0.001 0.002 0.049 0.049

(0.018) (0.018) (0.030) (0.030)

Urban 0.047∗ 0.046∗ −0.010 −0.010

(0.027) (0.027) (0.043) (0.043)

Inv −0.001 −0.001 −0.009∗ −0.009∗

(0.003) (0.003) (0.005) (0.005)

FDI 0.001 0.001 0.003 0.003

(0.002) (0.002) (0.003) (0.003)

Intercept −0.187 −0.203 −0.611∗ −0.615∗

(0.199) (0.199) (0.326) (0.327)

Province FE Y Y Y Y

Year FE Y Y Y Y

N 293,807 293,807 293,807 293,807

Adj-R2 0.026 0.026 0.043 0.043

∗ , ∗∗ , and ∗∗∗ represent the significance of the coefficient at 10, 5, and 1%, respectively; standard error clustered by firm is shown in the parenthesis.

innovation. These results indicated that, although firms in China

actively decrease pollutant emissions due to political pressure from

climate change and environmental regulations, this phenomenon

is driven by production factors and investments rather than

innovation, which reflects conflicting views on the environment

and economy.

This study has two practical implications. First, the government

should encourage firms to play an active role in addressing

climate change. Environmental regulations are an important factor

in internalizing pollution externalities and guiding enterprises

to actively reduce their pollutant emissions. In addition, the

government should implement a more intensive and accurate
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national environmental pollution monitoring system to monitor

the pollutant emissions from enterprises in a timely manner and

ensure that they take primary responsibility for pollution control.

Furthermore, the central government should actively implement

measures to eliminate cross-boundary pollution, compensate

for the limitations of local governments in implementing

environmental regulation policies, and increase punishment for

cross-boundary pollution. In addition, the concept of green

development should be actively promoted to both firms and the

public to reach a consensus on green development in society.

Second, when evaluating the effectiveness of firms’

environmental governance and emission reduction efforts,

the government should provide greater incentives for innovative

approaches to achieving environmental protection goals. In China,

firms’ environmental protection and pollutant reduction efforts are

almost entirely driven by restrictions. Considering that the conflict

between environmental protection and economic growth seems

to be unavoidable (Nordhaus, 2019), firms tend to prioritize their

short-term benefits over long-term benefits (Cohen and Zarowin,

2010; Liu et al., 2021). Additionally, innovation is viewed as risky,

requires massive input, and is time consuming (Moshirian et al.,

2021). As such, firms choose to invest more in environmental

protection equipment instead of engaging in green innovation.

The government should incentivize firms to engage in green

innovation to create a win-win situation for economic growth and

environmental protection.

The government should also promote cooperation between

public and private capital in green innovation projects. Moreover,

the government can provide appropriate services to help firms

overcome challenges that arise during green innovation processes,

such as by providing information and knowledge resources.
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