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Based on local cities’ climate change data and the operating income data

of Chinese listed enterprises from 2008 to 2019, we study the impact

of climate change on enterprises’ sales ability and analyze its subsequent

influence on their sales revenue from three dimensions: inside enterprises,

the supply side and the demand side. The results show that climate change

reduces enterprises’ sales revenue. From enterprises’ internal perspective,

climate change reduces production efficiency, increases management costs

and the impact on the cost of sales is not obvious. From the demand side,

climate change increases business risks and reduces transactions between

large customers and enterprises. The share of sales from large customers

is reduced, but no obvious impact is observed for small customers. On the

supply side, climate change reduces business credit levels, which in turn

reduces sales revenue. A heterogeneity analysis shows that the impact of

climate change on sales revenue is more obvious in private enterprises,

enterprises with weak internal controls and enterprises in central and western

regions of China.
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Introduction

Two important problems are currently affecting our climate. First, the global average
temperature is increasing annually. Second, extreme weather is becoming increasingly
common and the frequency of heat waves in some regions has more than doubled and
is expected to increase nearly five times in the next 50 years (Lau and Nath, 2012).
Thus, climate change is one of the important challenges facing the world today with a
significant socio-economic impact on peoples’ lives (Pankratz et al., 2019). Humans live
in a warming natural environment; hence, global warming is the most prominent feature
of climate change. Increasingly severe global warming and related patterns seriously
threaten human development. In 2018, the United Nations Intergovernmental Panel on
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Climate Change (IPCC) released the Special Report on Global
Warming of 1.5◦C, which attracted great attention from
governments, experts and the public. Positive measures have
been taken worldwide to cope with climate change risks, such
as the 2016 Paris Agreement signed by 178 contracting parties,
which outlines unified actions for all countries to take in
addressing global climate change.

In addition, the Blue Book on Climate Change in China 2021
observed that China is one of the most sensitive and significant
areas affected by global climate change. Hence, the Chinese
government has promulgated a double strategy to meet two
carbon targets: that is, the ‘carbon peak’ and ‘carbon neutral’
targets. It is challenging for Chinese enterprises to meet the
mandatory ‘double carbon’ global climate risk target; however,
the target also provides opportunities. Therefore, achieving
high-quality development and improving the security of people’s
livelihood, in addition to maintaining carbon peak and carbon
neutral simultaneously, has become an important problem
worldwide. Accordingly, the impact of climate change at the
microenterprise level also requires in-depth research.

Some scholars have discussed the macroeconomic effects
of climate change, such as the effect of the increase in average
temperature on agriculture (Schlenker et al., 2005; Schlenker
and Roberts, 2009; Zhang et al., 2017), industrial output
or economic growth (Dell et al., 2012), health or mortality
(Heutel et al., 2021), international trade (Jones and Olken,
2010), labor or total factor productivity (Letta and Tol, 2019;
Patle et al., 2020), and have found that all factors have a
negative impact. However, few have considered the impact
of climate change on microenterprises’ economic activities.
Climate change has brought many levels of risk to countries
and enterprises, including physical risk (e.g., the Zhengzhou
flood disaster, severe storms, droughts and extremely high
temperatures). Government policies related to climate change
have been established (e.g., expected energy efficiency standards,
carbon trading schemes and the double carbon policy) in
addition to regulatory risks (e.g., green reputation, changing
consumer behavior and increasing humanitarian needs). These
differing risks have significant impacts on enterprises’ daily
business activities, such as procurement, production, sales and
value chain creation, which are further affect enterprises’ overall
competitiveness.

Growth in operating income shows that the scale of the
enterprise is expanding, which can more effectively reflect
the senior executives’ operational behavior and is the starting
point of all enterprises’ business activities (Dechow and
Dichev, 2002). Unlike profit, operating income is not easily
manipulated and the index of operating income is often more
dependable. In enterprise valuation, the price-to-sales ratio
is more objective than the price-to-earnings ratio (Du and
Ping, 2005). Climate change affects enterprises’ production
and operational activities; therefore, it is likely to also cause
fluctuations in enterprises’ sales revenue. Using factory-level

data from American enterprises, however, Addoum et al.
(2020) did not find that extreme high temperatures were
related to factory productivity and sales income. Addoum
et al. (2020) speculated that this was because enterprises in
developed countries have easy access to enough resources
to withstand temperature changes. As the largest developing
country in the world, China has a relatively tight energy supply
compared with Western developed countries and enterprises
have relatively limited access to cheap resources. Does climate
change impact Chinese enterprises’ sales ability? This is the core
problem of our paper.

First, climate change generally affects the productivity
and production time of employees in production and sales
departments, which subsequently affects their enterprises’
production and sales capacity. The occurrence of extreme
climate events further increases the uncertainty of enterprises’
internal and external environment, including their operational
risk, which subsequently reduces their sales ability. Second,
due to increasingly severe climate change, local governments in
China tend to adopt market-distorting policies and measures
because of the external pressure from the central government
to reduce emissions and their governors’ motivation to pursue
promotion, such as supplying electricity at different times
during extreme temperatures, forced power rationing and
implementing differentiated electricity prices. These actions
increase enterprises’ production and management costs, affect
enterprises’ production efficiency and reduces their sales ability.
Third, if customers realize that the regions where enterprises are
based are at greater risk of climate change, they will reduce their
purchase quantities and purchase products from enterprises
in regions with a lower risk of climate change, which will
directly affect enterprises’ product sales ability. Therefore, it is
theoretically possible to study the impact of climate change on
enterprises’ sales ability.

Climate change occurs in the natural environment, which
is generally an external consideration for enterprises. Managers
cannot control the time and place of climate change, which
avoids the issue of reverse causality problems. In addition,
climate change and extreme weather events are random and
complex; therefore, they are very difficult for enterprises to
predict. Enterprises cannot easily change their production
location in anticipation of climate change because of the
high cost of moving. As a result, most enterprises passively
accept climate shocks and reduce their underestimation of
the impact of climate risk following relocation. Hence, we
can explore the relationship between climate change and
enterprises’ sales ability by empirical method and draw the
corresponding conclusions.

Based on local cities’ climate change data and the operating
income data of Chinese listed enterprises from 2008 to 2019,
we study the impact of climate change on enterprises’ sales
ability and its subsequent influence on their sales revenue
from three dimensions: inside enterprises, the supply side
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and the demand side. The results show that climate change
reduces enterprises’ sales revenue. From the internal perspective
of enterprises, climate change reduces production efficiency,
increases management costs and the impact on the cost of sales
is not obvious. From the demand side, climate change increases
business risks, reduces transactions between large customers
and enterprises and reduces the share of sales from large
customers but has no obvious impact on small customers. On
the supply side, climate change reduces business credit levels,
which in turn reduces sales revenue. A heterogeneity analysis
shows that the impact of climate change on sales revenue is more
obvious in private enterprises, enterprises with weak internal
controls and enterprises in central and western regions of China.

This paper contributes to the literature in the following
aspects. (1) Enterprises’ uncertainty risks were previously
mainly focused on the institutional or market environment.
Following the literature on China’s capital market, we find that
climate risks, as an important aspect of business risks, also affect
enterprises’ micro-business behavior. (2) We break through
the traditional framework of economic policy and enterprise
systems to show that the climate change has a significant impact
on enterprises’ sales ability. This finding not only deepens our
understanding of enterprises’ decision-making about climate
risk, but also enriches the product marketing literature. (3)
Climate change studies have been mainly conducted at the
macro level; however, we expand research on the economic
impact of climate change to the microenterprise level. Huang
et al. (2018) empirically observed the impact of climate change
on enterprises’ financing choices and found that the vendor–
customer channel facilitates enterprises’ product sales ability,
which verifies the transmission mechanism of climate change
affecting product sales ability. This finding not only deepens
our theoretical understanding of the economic consequences
of climate change at the micro level, but also provides
the necessary theoretical basis and experiential reference for
reducing enterprises’ overall risk.

In the following section, the results of our literature review
are presented, in addition to a discussion of our proposed
hypothesis. The research design is outlined in the third section,
while the empirical results are given in the fourth section. The
mechanism analysis and heterogeneity analysis are discussed
in the fifth section. Finally, the sixth section presents our
conclusions and suggestions.

Literature review and hypothesis

Economic consequences of climate
change

Multiple economic consequences of climate change have
been explored in the literature. Climate can have a negative
impact on the macro economy. For example, Nordhaus (2006)

showed that climate was one of the key variables to explain
the differences in per capita income between Africa and
richer parts of the world. In addition, temperature is one
of the main measures of climate change. Dell et al. (2009)
found that countries with higher average temperature had
lower per capita income level and growth rate. Hsiang (2010)
studied 28 Caribbean Basin countries and observed that high
temperatures had a negative impact on economic output
and labor productivity, and the impact on non-agricultural
industries was higher than that on agricultural industries. Dell
et al. (2012) also found that per capita income in developing
countries dropped by 1.4 percentage points for every 1◦C
increase in average temperature. Bansal and Ochoa (2011)
illustrated the negative impact of temperature on economic and
stock market growth, where the impact on low latitude countries
was greater than that in high latitude countries. In 2018, the
IPCC issued the Special Report on Global Warming of 1.5◦C,
which noted that the increasing global average temperature
and sustained climate change will have a negative impact on
economic activity and output. Burke et al. (2015) estimated
that continuous global warming may reduce the world’s average
income by 23% by 2100. In addition, Thamotheram (2015)
showed that global stock portfolios would lose 5–20% of their
value if the temperature increased by ≥4◦C.

Climate change and enterprises’ sales
ability

The growth of operating income often means the expansion
of the scale of the enterprise, which can more effectively reflect
the operating conditions of the enterprise, and is the starting
point for all business activities of the enterprise (Dechow and
Dichev, 2002). Revenue depends on employees who are affected
by climate change. In addition, high-temperature weather
reduces enterprise investment, productivity, household income
and total economic output (Xie, 2017; Traore, 2018; Zhang et al.,
2018; Li et al., 2021; Somanathan et al., 2021).

Climate change has a negative impact on enterprises’
internal production and business activities. First, climate change
may reduce worker productivity. Employees’ cognitive and
physical performance sustain negative effects when affected
by extreme temperatures (Pilcher et al., 2002; Seppanen
et al., 2006). Both cognitive decline and physical discomfort
reduce productivity. Second, extreme temperatures reduce
employees’ available working hours compared with comfortable
temperatures. Severe weather conditions reduce employees’
productive motivation. In addition, If the working hours remain
the same, it is easier for the physical capacity of employees to
reach the limit in extreme weather conditions, so that companies
have to reduce the number of hours employees work, so climate
change will have a persistent negative impact on working hours
(Graff Zivin and Neidell, 2014). In a study of Indian enterprises,
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Somanathan et al. (2021) found that hot weather decreased
employees’ productivity and increased their absenteeism rate.
Employees are a valuable resource for enterprises; therefore,
declines in employee productivity and working hours will affect
enterprises’ normal operations and reduce production.

In addition, climate change may force enterprises to
place more stringent limits on their energy use. After
experiencing increasingly severe ecological problems, the
Chinese government has promulgated major strategies, such
as constructing an ecological civilization and setting ‘double
carbon’ emission reduction targets. To achieve the established
emission reduction and energy saving goals, however, local
governments must conduct administrative activities, such as
rationing power, because of the pressure from the central
government to be held accountable during performance
appraisals and their governors’ pursuit of promotion.

Considering the dominant high polluting and high
energy consumption development model used in the Chinese
manufacturing industry, the original intention underlying
the ‘double carbon’ targets is to not only introduce green
management practices and improve the natural environment
but also promote the transformation of development models
in ‘dual high’ industries, such as those with high energy
consumption and high pollution. However, local governments’
poor decisions tend to have a negative impact on enterprises’
daily production and operations, in addition to local residents’
daily life. In addition to its negative impact on employee
productivity and energy supply, climate change increases
enterprises’ production and management costs. Mishra and
Singh (2010) and Pechan and Eisenack (2014) found that
electricity prices (water supply) would increase (decrease)
in extremely high temperatures, which would increase
enterprises’ production costs. To maintain temperatures in the
workplace at an appropriate level during extremely high or
low temperatures and reduce the impact on production and
operations, enterprises must increase their air-conditioning
expenditure, in addition to providing cooling or warming
supplies to their production and management departments.
Electricity prices may also rise during extreme temperatures,
which further increases production and management costs. The
higher costs of temperature management reduce enterprises’
cash flow and adversely affect their internal production and
operational activities. In short, climate change reduces employee
productivity and increases energy consumption, production
costs and administrative expenses, which subsequently
decreases enterprises’ production and operational capacity and
ultimately has a negative impact on their sales ability.

Suppliers’ extension of business credit to enterprises
also decreases following climate change because extreme
temperatures increase the uncertainty of enterprises’ production
and operations compared with normal climate conditions.
Thus, climate change damages enterprises’ ability to operate
and increases their management risk, which subsequently

reduces their bargaining power and commercial credit with
their suppliers. If the climate changes drastically, suppliers
may consider that they have increased operational risks and
subsequently reduce their cash discounts and other credit
policies to encourage their buyers to pay in advance. Thus,
climate change has a negative impact on enterprises’ suppliers,
that is, their procurement business. First, enterprises must pay
their suppliers earlier. Second, the suppliers’ discount rates
enjoyed by enterprises decrease, which increases enterprises’
production costs and weakens their sales ability. Therefore,
climate change reduces enterprises’ sales revenue.

Li et al. (2021) showed that high temperatures have
a negative impact on enterprises’ export quantity. First,
the inconvenient environmental conditions for transportation
induced by climate change have a negative impact on
customers’ purchase and payment intentions. During extreme
temperatures, customers will reduce their travel and purchase
expenditure. These lower purchase intentions will reduce
enterprises’ sales income. Moreover, climate change will lead
customers stickiness decrease when the customers perceive that
enterprises are at great management risk due to the high climate
risk. These customers will change their purchase decisions in
response to the higher climate risk in the enterprises’ area and
avoid purchasing the enterprises’ products, which will reduce
these enterprises’ sales revenue.

Second, climate change will also reduce sales department
employees’ enthusiasm, which will have a negative impact on
their enterprises’ sales. Thus, climate change directly reduces
enterprises’ sales revenue by reducing their customers’ purchase
intentions and sales employees’ enthusiasm. Hence, climate
change indirectly weakens enterprises’ sales ability by reducing
their production and operational capacity and the level of
commercial credit they can receive, which negatively affects
their sales revenue directly by reducing their customers’
purchase intentions and payment ability, in addition to sales
employees’ enthusiasm.

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

H1: Climate change has a negative impact on
enterprises’ sales ability.

Climate change is usually quite slow; therefore, its short-
term effects may not be directly observed in business operations
or the market environment. However, the warming climate
further aggravates the risk of extreme weather and climate
events (CMA Climate Change Centre, 2021). In addition,
China’s climate risk index is rising. In 2020, the global average
temperature was 1.2◦C higher than the pre-industrial level.
Although the development of modern industrial civilization
greatly accelerated the rate of climate change, the extent of
temperature change is still relatively small and it is difficult
for residents and businesses to notice any significant change
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over time. As noted above, while scholars have extensively
documented the economic impacts of climate change at the
business level, it remains unknown whether slow climate change
significantly affects enterprises’ short-term sales ability.

Moreover, business operators, suppliers and customers may
not consider the impact of climate risk (Andersson et al.,
2016; Barnett, 2019); therefore, climate change has a very
weak impact on enterprises’ short-term production, operations
and sales. Even when extreme weather events become more
intense, managers may still focus on their short-term financial
performance because of the impact on stakeholders (such as
customers and employees). Therefore, managers tend to ignore
the long-term economic impact at the operating level because
it is difficult for climate change to have a severe short-term
effect on their business. Managers may not consider the natural
environment and do not take measures to deal with climate
change risks; therefore, they will not consider the impact of
climate risk on their stakeholders (e.g., employees, suppliers,
and customers). In addition, managers may not consider the
economic consequences of differences in climate risk in different
regions in their decision-making practices; therefore, climate
risk does not influence enterprises’ sales ability. Thus, we obtain
our second hypothesis:

H2: Climate change has no effect on enterprises’ sales ability.

Research design

Sample selection and data sources

Using climate change data from local cities, we select
Chinese listed enterprises from 2008 to 2019 as our research

sample. We screen the initial sample as follows. First, we
exclude financial, special treatment (ST) and particular transfer
(PT) enterprises. In the literature, ST refers to enterprises
experiencing abnormal financial conditions. PT refers to a
special transfer service designed to provide a distribution
channel for suspended stocks. Second, to avoid the influence
of extreme values on our research conclusions, we reduce all
continuous variables by 1% in the upper and lower quartiles. We
obtain climate data from the Daily Data Set of China Surface
Climatic Data collected from 842 datum and general surface
meteorological observation stations operated by the National
Meteorological Information Centre. We also obtain other
financial data from the China Stock Market and Accounting
Research database.

Model design and definition of the
main variables

To test the above research hypotheses, we refer to Zhang
et al. (2017) in constructing the following empirical model:

Lnincome = β_0 + β_1 Detatem +
∑

Controls + ε

where an enterprise’s product sales ability (Lnincome) is the
natural logarithm of sales revenue. Detatem is the independent
variable for climate change. Climate warming has the biggest
impact on the natural ecosystem; therefore, climate change is
measured by climate warming (Montzka et al., 2011). Following
Deschenes and Greenstone (2007), we use the absolute value
of the temperature difference over 3 years as the measurement
value. The calculation formula for Detatem is the absolute value
of the average temperature of each prefecture-level city in the
current year after subtracting the average temperature of the past
3 years (Wang and Chen, 2014).

TABLE 1 Variable definitions.

Type Variable Description Declaration

Dependent variable Lnincome Enterprise performance in the product market The natural log of an enterprise’s sales revenue

Independent
variables

Detatem Climate change The absolute difference between the annual mean temperature
and the mean of the past 3 years

Control variables SA Financing constraints annual enterprise SA index

SIZE Scale of the enterprise The natural log of an enterprise’s total assets

BTMA Book-to-market ratio The ratio of total assets to market value

CH Internal ownership concentration Total shareholding ratio of the board of directors

Lev Debt levels Total assets/total liabilities

CHAIR_CEO1 The chairman and CEO are the same person For a dummy variable, the value is 1; otherwise, the value is 0

ROA Enterprise profitability Net interest rate on total assets in year t

Tobin_Q Enterprise performance An enterprise’s Tobin’s Q-value

AGDP Regional economic level Per capita gross domestic product (GDP) of an enterprise’s
location

FIC Proportion of foreign investment Ratio of foreign investment to regional GDP
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Table 1 reports the variable definitions. At the enterprise
level, the control variables include the financing constraints
(SA); enterprise size (SIZE), which is measured by the
natural logarithm of total assets; book-to-market ratio (BTMA);
directors’ shareholding ratio (CH); the debt level of the
enterprise (Lev); CHAIR_CEO is set to 1 if the chairman and
CEO are the same person, and otherwise 0; return on assets
(ROA); Tobin_Q indicates the Tobin’s Q-value of the enterprise.
At the regional level, the control variables include regional per
capita gross domestic product (AGDP); and the proportion of
foreign investment (FIC). In addition, we control for year and
industry fixed effects.

Empirical results

Descriptive statistics

Table 2 reports the descriptive statistics of the variables.
From 2008 to 2019, the mean Lnincome is 21.34 and the

median is 21.21, indicating that the income of Chinese
listed enterprises generally changes over time. The mean
value of Detatem is 0.34, which reflects an annual average
temperature change of 0.34◦C in Chinese cities. The average
SA index of Chinese listed enterprises is −3.71, ROA
is 4%, Lev is 45% and BTMA is 0.61. About 75% of
the enterprises’ chairman and CEO in our sample are
the same person.

Correlation analysis

Table 3 presents the correlation coefficient matrix for the
main variables. As shown in Table 3, the correlation coefficient
between Lnincome and Detatem is significant and negative,
indicating that the greater the climate change, the lower
the enterprise’s sales income, which preliminarily verifies H1.
Considering the control variables at the enterprise level, SA and
Tobin_QA are negatively correlated with sales revenue, while
ROA, SIZE, Lev, and BTMA are positively correlated with sales

TABLE 2 Descriptive statistics.

Variable N Mean SD Min Max p25 p50 p75

Lnincome 26,794 21.340 1.550 17.330 25.750 20.300 21.210 22.240

Detatem 26,804 0.340 0.250 0.000 1.150 0.160 0.280 0.470

AGDP 26,583 14.300 11.870 1.280 50.460 5.660 11.140 18.630

SA 26,812 3.710 0.260 4.320 2.990 3.880 3.710 3.540

ROA 26,812 0.040 0.060 0.290 0.200 0.010 0.040 0.070

SIZE 26,812 22.060 1.430 19.250 27.040 21.050 21.850 22.820

CHAIR_CEO1 26,388 0.750 0.430 0.000 1.000 1.000 1.000 1.000

CH 25,050 7.600 13.630 0.000 54.210 0.000 0.000 10.410

FIC 24,768 12.220 1.680 6.940 14.700 11.280 12.680 13.420

Lev 26,812 0.450 0.220 0.050 0.980 0.270 0.440 0.610

Tobin_Q 26,812 2.100 1.450 0.890 9.890 1.250 1.640 2.370

BTMA 26,812 0.610 0.240 0.100 1.130 0.420 0.610 0.800

TABLE 3 Correlation coefficients.

Lnincome Detatem AGDP SA ROA Size CHAIR_CEO CH FIC LEV Tobin_QA BTMA

Lnincome 1

Detatem −0.025*** 1

AGDP 0.058*** −0.142*** 1

SA −0.054*** 0.104*** −0.075*** 1

ROA 0.086*** −0.009 0.021*** 0.050*** 1

SIZE 0.868*** −0.027*** 0.080*** −0.046*** 0.009 1

CHAIR_CEO 0.171*** 0.039*** −0.138*** −0.065*** −0.046*** 0.178*** 1

CH −0.231*** −0.057*** 0.171*** 0.160*** 0.139*** −0.256*** −0.318*** 1

FIC 0.093*** −0.051*** 0.516*** −0.0100 0.052*** 0.118*** −0.054*** 0.092*** 1

LEV 0.418*** 0.042*** −0.051*** −0.066*** −0.384*** 0.448*** 0.168*** −0.313*** −0.039*** 1

Tobin_Q −0.412*** 0.014** 0 0.046*** 0.029*** −0.435*** −0.060*** −0.007 0.001 −0.170*** 1

BTMA 0.504*** −0.016** −0.001 −0.021*** −0.113*** 0.576*** 0.107*** −0.086*** 0.008 0.311*** −0.798*** 1

*** and ** denote significance at the 1, 5, and 10% levels, respectively.
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revenue. At the regional level, AGDP and FIC are positively
correlated with sales revenue.

Regression analysis

Columns (1) to (3) of Table 4 show the regression results of
no control variable, adding control variables but no industry and
time fixed effects and all control variables are added. The robust
standard errors is in brackets. Detatem has a significant and
negative correlation with Lnincome, which indicates that when
climate change is more intense and the average temperature
changes, enterprises’ sales ability is affected and their sales
income decreases with a corresponding deterioration of their
product performance in the market. These results support H1. In
terms of the control variables, when an enterprise combines two
businesses, the smaller the SA index, the larger the size, the lower
the shareholding ratio of the board of directors, the higher the
profit margin on total assets, the higher the asset–liability ratio

TABLE 4 Impact of climate change on enterprises’ sales revenue.

(1) (2) (3)
Lnincome Lnincome Lnincome

Detatem −0.158*** −0.040** −0.056***

(0.000) (0.046) (0.002)

AGDP −0.001 0.001

(0.122) (0.108)

CHAIR_CEO 0.044*** 0.051***

(0.000) (0.000)

SA −0.061*** −0.062***

(0.002) (0.001)

SIZE 0.884*** 0.991***

(0.000) (0.000)

CH −0.001*** −0.002***

(0.002) (0.000)

ROA 2.984*** 2.813***

(0.000) (0.000)

FIC −0.002 0.016***

(0.605) (0.000)

LEV 0.724*** 0.830***

(0.000) (0.000)

Tobin_Q −0.096*** −0.062***

(0.000) (0.000)

BTMA −0.325*** −0.250***

(0.000) (0.000)

Year No No Yes

Ind No No Yes

_cons 21.390*** 1.553*** −1.119***

(0.000) (0.000) (0.000)

N 26,786 22,691 22,691

Adj. R2 0.001 0.775 0.844

*** and ** denote significance at the 1, 5, and 10% levels, respectively.

TABLE 5 Regression results when using the extreme climate measure.

(1) (2) (3)
Lnincome Lnincome Lnincome

Frel −0.001*** −0.002** −0.002***

(0.002) (0.000) (0.000)

SA −0.048** −0.048**

(0.031) (0.020)

ROA 3.008*** 2.866***

(0.000) (0.000)

SIZE 0.882*** 0.980***

(0.000) (0.000)

Chair_CEO 0.047*** 0.055***

(0.000) (0.000)

CH −0.002*** −0.002***

(0.000) (0.000)

Tobin_Q −0.093*** −0.058***

(0.000) (0.000)

BTMA −0.313*** −0.228***

(0.000) (0.000)

Lev 0.757*** 0.886***

(0.000) (0.000)

AGDP 0.001 0.001**

(0.869) (0.013)

FIC −0.011** 0.007**

(0.010) (0.035)

Year No No Yes

Ind No No Yes

_cons 21.434*** 1.760*** −0.751***

(0.000) (0.000) (0.000)

N 26,812 26,812 26,812

Adj. R2 0 0.784 0.851

*** and ** denote significance at the 1, 5, and 10% levels, respectively.

and the lower the Tobin’s Q-value or book-to-market ratio, the
higher the enterprise’s sales revenue. The sign and significance
of the correlation coefficients after controlling for year and
industry fixed effects are consistent with these results.

Robustness tests

Alternative measures of climate extremes
Climate change currently causes two major problems

for enterprises: an increase in average temperature and
the increasing frequency of extreme weather. Therefore, we
adopt a new climate change measurement index and use
the number of days with extremely low temperatures in
the current year in an enterprise’s location (Frel) as the
explanatory variable. The control variables and fixed effects
in the model remain unchanged to ensure the robustness
of the results. Table 5 shows the empirical results, where
the coefficient of Frel is significant and negative in Columns
(1) to (3), indicating that enterprises’ sales revenue decreases
following an increase in extremely low temperatures and
worsening climate change.
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Impact of low-carbon city pilot policy on sales
revenue

In 2010, China promulgated a low-carbon city pilot policy to
deal with the impact of economic development on the ecological
environment. In August 2010, eight cities joined the first batch
of national low-carbon pilot cities. In November 2012, the
National Development and Reform Commission named 28 low-
carbon pilot cities. When waste gas and waste water emissions
are strictly restricted, the climate environment is improved
in low-carbon pilot cities, which has a positive impact on
enterprises’ sales revenue. Hence, we introduce the low-carbon
city pilot policy as an exogenous shock in this paper. The value
of Pilot is 1 if a city or province is a pilot area for the first
two batches of pilot cities and otherwise 0. In addition, Post is
a dummy variable before and after the pilot policy. The value
of Post is 1 during the low-carbon city pilot period (i.e., after
2012) and 0 during the non-pilot period. Table 6 presents the
empirical results.

In Table 6, the coefficient of Pilot-Post which means
the interaction term between Pilot and Post is significant
and positive, indicating that enterprises’ sales revenue
increases with climate improvement in low-carbon cities.
The low-carbon pilot cities have effectively restrained climate
change and significantly promoted growth in enterprises’
sales revenue. This result supports the conclusion that
climate change has a significant and negative correlation with
enterprises’ sales ability.

TABLE 6 Impact of low-carbon city pilot policy on
enterprises’ sales revenue.

Lnincome

Pilot–post 0.041*** (0.004)

Pilot −0.046*** (0.000)

Post −0.160*** (0.000)

AGDP 0.001*** (0.002)

SA −0.066*** (0.000)

CHAIR_CEO 0.050*** (0.000)

SIZE 0.986*** (0.000)

CH −0.002*** (0.000)

ROA 2.919*** (0.000)

FIC 0.017*** (0.000)

Lev 0.889*** (0.000)

Tobin_Q −0.047*** (0.000)

BTMA −0.181*** (0.000)

Ind Yes

Year Yes

_cons −1.074*** (0.000)

N 28,236

Adj. R2 0.847

*** and ** denote significance at the 1, 5, and 10% levels, respectively.

Impact of temperature variation difference on
sales revenue

In this paper, we adopt a new climate change measurement
index. We use the absolute value of the difference between
the average temperatures of the current year and the past 4,
5, and 6 years as explanatory variables (Detatem4, Detatem5,
and Detatem6, respectively). To ensure the robustness of the
results, the control variables and fixed effects in the model
remain unchanged. Table 7 shows the empirical results. In
Table 7, Columns (1) to (3) show that regardless of which
alternative method is used to measure climate change as
the new explanatory variable, the coefficients of Detatem4,
Detatem5, and Detatem6 are significant and negative. This
indicates that enterprises’ sales ability decreases following the

TABLE 7 Impact of temperature variation difference on sales revenue.

(1) (2) (3)
Lnincome Lnincome Lnincome

Detatem4 −0.061***

(0.001)

Detatem5 −0.067***

(0.000)

Detatem6 −0.073***

(0.000)

AGDP 0.001 0.001 0.001

(0.154) (0.172) (0.176)

SA −0.062*** −0.062*** −0.062***

(0.001) (0.001) (0.001)

CHAIR_CEO 0.051*** 0.051*** 0.051***

(0.000) (0.000) (0.000)

SIZE 0.991*** 0.991*** 0.991***

(0.000) (0.000) (0.000)

CH −0.002*** −0.002*** −0.002***

(0.000) (0.000) (0.000)

ROA 2.813*** 2.813*** 2.812***

(0.000) (0.000) (0.000)

FIC 0.017*** 0.017*** 0.017***

(0.000) (0.000) (0.000)

Lev 0.830*** 0.831*** 0.830***

(0.000) (0.000) (0.000)

Tobin_Q −0.062*** −0.062*** −0.062***

(0.000) (0.000) (0.000)

BTMA −0.250*** −0.250*** −0.250***

(0.000) (0.000) (0.000)

Ind Yes Yes Yes

Year Yes Yes Yes

_cons −1.119*** −1.116*** −1.113***

(0.000) (0.000) (0.000)

N 22,691 22,691 22,691

Adj. R2 0.844 0.845 0.845

*** and ** denote significance at the 1, 5, and 10% levels, respectively.
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aggravation of climate change, which is consistent with the main
regression results.

Mechanism and heterogeneity
analyses

Mechanism

According to the above theoretical analysis, we believe that
the higher operational and financial risks caused by climate
change reduce enterprises’ production efficiency and credit level,
leading to a reduction in enterprises’ sales income. We now
focus on the internal mechanism of the impact of climate change

on enterprises’ sales revenue using three pathways: namely,
enterprise, enterprise demand and enterprise supply.

As shown in the regression results of Table 8, the coefficient
of Detatem in Column (1) is significant and negative, while that
in Column (2) is negative but not significant. This indicates that
the increase in temperature significantly reduces the share of
sales from large customers, but has no significant impact on the
share of sales from small customers. Increasing temperatures
will cause huge business risks for enterprises and affect the
transactions between enterprises and their large customers,
which reduces the transaction share from large customers in
addition to enterprises’ sales revenue.

On the supply side, as shown in Column (3) of Table 8, the
coefficient of Detatem is significant and negative, indicating that
the increase in temperature significantly reduces enterprises’
level of business credit, affects suppliers’ provision of materials

TABLE 8 Regression results for the mechanism of action.

Demand side Supply side Enterprise side

(1) (2) (3) (4)
Large customers Small customers Commercial credit Productivity Cost of sales Management fees

lntop lnuntop detbc1 tfp_lp sale man

Detatem −0.070** −0.027 −0.005** −0.054*** −0.039 −0.027*

(0.016) (0.435) (0.050) (0.002) (0.202) (0.064)

AGDP 0.002*** −0.001 0.000*** 0.002*** 0.001* 0.002***

(0.003) (0.952) (0.000) (0.000) (0.088) (0.000)

SA 0.151*** 0.071** 0.011*** −0.055*** −0.139*** −0.054***

(0.000) (0.049) (0.000) (0.003) (0.000) (0.000)

CHAIR_CEO 0.070*** 0.015 0.002 0.022** −0.039** 0.035***

(0.000) (0.427) (0.220) (0.018) (0.016) (0.000)

SIZE 0.799*** 0.980*** −0.006*** 0.595*** 0.925*** 0.864***

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

CH −0.003*** 0.001 −0.001** −0.001 0.003*** 0.002***

(0.000) (0.643) (0.011) (0.265) (0.000) (0.000)

ROA 1.726*** 3.199*** 0.118*** 2.989*** 2.928*** 0.109*

(0.000) (0.000) (0.000) (0.000) (0.000) (0.074)

FIC 0.027*** −0.009* 0.004*** 0.036*** 0.015*** 0.034***

(0.000) (0.080) (0.000) (0.000) (0.002) (0.000)

LEV 0.641*** 0.803*** 0.213*** 0.799*** 0.290*** 0.087***

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

Tobin_Q −0.036*** −0.117*** −0.007*** −0.030*** −0.085*** −0.001

(0.000) (0.000) (0.000) (0.000) (0.000) (0.757)

BTMA −0.069 −0.186*** −0.006 −0.094*** −0.908*** −0.621***

(0.222) (0.006) (0.301) (0.005) (0.000) (0.000)

Ind Yes Yes Yes Yes Yes Yes

Year Yes Yes Yes Yes Yes Yes

_cons −1.863*** −0.491** 0.054*** 0.689*** −2.622*** −0.863***

(0.000) (0.038) (0.007) (0.000) (0.000) (0.000)

N 27,901 27,548 19,273 22,281 27,541 28,222

Adj. R2 0.561 0.555 0.300 0.712 0.536 0.790

***, **, and * denote significance at the 1, 5, and 10% levels, respectively.
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and thus weakens enterprises’ competitiveness in the product
market and subsequently reduces their sales revenue.

As shown in Column (4) of Table 8, the coefficient
of Detatem is significant and negative from the internal
perspective of enterprises, which indicates that increasing
temperatures significantly reduce enterprises’ productivity.
When the temperature rises, employees’ work efficiency and
working hours decrease. Column (4) also shows that climate
change significantly increases enterprises’ management and
production costs and decreases their production efficiency
and sales income.

Heterogeneity analysis

Climate change, ownership nature, and sales
revenue

State-owned enterprises usually have important strategic
positions and more external resources than private enterprises.
In addition, state-owned enterprises’ operating goals are more
political than they are economic. When temperatures rise,

TABLE 9 Climate change, ownership, and sales revenue.

(1) (2)
State-owned
enterprises

Private enterprises

Detatem −0.020 −0.093***

(0.519) (0.000)

AGDP −0.004*** 0.002***

(0.000) (0.000)

SA 0.203*** 0.083***

(0.000) (0.002)

CHAIR_CEO 0.010 0.028**

(0.692) (0.035)

SIZE 0.962*** 0.976***

(0.001) (0.001)

CH −0.009 0.001

(0.200) (0.540)

ROA 2.420*** 3.350***

(0.000) (0.000)

FIC 0.009* −0.006

(0.077) (0.163)

Lev 0.665*** 0.683***

(0.000) (0.000)

Tobin_Q −0.122*** −0.102***

(0.000) (0.000)

BTMA −0.654*** −0.293***

(0.000) (0.000)

Ind Yes Yes

Year Yes Yes

Coefficient difference test 3.18*

_cons 1.164*** 0.101

(0.000) (0.534)

N 9,333 12,952

Adj. R2 0.779 0.744

***, **, and * denote significance at the 1, 5, and 10% levels, respectively.

state-owned enterprises receive more government support and
resources than private enterprises do. In addition, their suppliers
and customers do not change significantly. Therefore, their sales
are likewise not affected significantly. To test this conjecture,
we divide the total sample into state-owned enterprises and
private enterprises according to their equity and use Model (1)
to conduct the respective regression analyses. Table 9 shows the
results of the regression analyses.

In Column (2) of Table 9, for private enterprises, the
coefficient of Detatem is significant and negative, indicating
that climate change has a significant and negative influence
on private enterprises’ sales revenue. In contrast, for state-
owned enterprises, the coefficient of Detatem is not significant
in Column (1), indicating that climate change has no significant
influence on state-owned enterprises’ sales revenue. The
combined results of Columns (1) and (2) indicate that climate

TABLE 10 Climate change, regional economy, and sales revenue.

(1) (2)
Eastern China Central and

western China

Detatem −0.006 −0.071**

(0.820) (0.012)

AGDP −0.001 −0.015***

(0.621) (0.000)

SA −0.062*** −0.042

(0.004) (0.250)

CHAIR_CEO 0.063*** 0.026

(0.000) (0.169)

SIZE 0.966*** 1.030***

(0.000) (0.000)

CH −0.001*** −0.005***

(0.002) (0.000)

ROA 2.811*** 2.668***

(0.000) (0.000)

FIC −0.005 0.027***

(0.268) (0.000)

Lev 1.065*** 0.508***

(0.000) (0.000)

Tobin_Q −0.045*** −0.078***

(0.000) (0.000)

BTMA −0.122*** −0.425***

(0.004) (0.000)

Ind Yes Yes

Year Yes Yes

Coefficient difference test 2.87*

_cons −0.531*** −1.649***

(0.001) (0.000)

N 14,652 8,039

Adj. R2 0.857 0.830

***, **, and * denote significance at the 1, 5, and 10% levels, respectively.
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change has a greater impact on the sales ability of private
enterprises than on that of state-owned enterprises.

Climate change, regional economy, and sales
revenue

Enterprises in more economically developed regions are
likely to be less affected by climate change than those in less
economically developed regions because they have the resources
and capabilities to withstand extreme weather events. At the
same time, the ecological environment in central and western
China is relatively fragile and the ability to cope with climate
change is relatively weak, especially in western China. The
ecological environment in the west has a poor congenital
foundation and strong external interference. The vulnerability
and damage degree of its ecological environment are still
in a relatively severe stage. All of these factors magnify the

TABLE 11 Climate change, internal controls, and sales revenue.

(1) (2)
Enterprises with weak

internal controls
Enterprises with
strong internal

controls

Detatem −0.070** −0.026

(0.024) (0.313)

AGDP 0.001* 0.001

(0.068) (0.250)

SA −0.059* 0.060**

(0.087) (0.024)

CHAIR_CEO 0.041** 0.064***

(0.018) (0.000)

SIZE 1.009*** 0.985***

(0.000) (0.000)

CH −0.001** −0.004***

(0.029) (0.000)

ROA 1.950*** 3.957***

(0.000) (0.000)

FIC 0.019*** 0.019***

(0.000) (0.000)

Lev 0.545*** 1.051***

(0.000) (0.000)

Tobin_Q −0.105*** −0.051***

(0.000) (0.000)

BTMA −0.385*** −0.111**

(0.000) (0.028)

Ind Yes Yes

Year Yes Yes

Coefficient difference test 1.05

_cons −1.401*** −0.771***

(0.000) (0.000)

N 10,282 10,684

Adj. R2 0.783 0.866

***, **, and * denote significance at the 1, 5, and 10% levels, respectively.

climate risks faced by enterprises in central and western China.
Therefore, the negative impact of climate change on enterprises’
sales revenue in central and western China should be greater
than that in eastern China.

To test this conjecture, we divide the sample into eastern
China and central and western China according to local
enterprises’ economic situation and use Model (1) to conduct
the regression analyses. Table 10 shows the results. The
coefficient of Detatem in central and western China is significant
and negative, indicating that climate change has a significant
and negative impact on enterprises’ sales revenue in central and
western China. However, the coefficient of Detatem in eastern
China is not significant, indicating that the effect of climate
change on enterprises’ sales revenue in eastern China is not
significant. The combined results of Columns (1) and (2) in
Table 10 show that climate change has a greater impact on
enterprises’ sales ability in economically underdeveloped areas
than in more economically developed areas.

Climate change, internal controls, and sales
revenue

Compared with enterprises with weak internal controls,
enterprises with strong internal controls have more timely and
effective decision-making feedback and implementation during
climate change events. In addition, enterprises’ internal controls
enable all employees to participate in corporate governance,
which can effectively alleviate their multilayer agency problem
and improve operating efficiency. Therefore, climate change
may have a stronger impact on the sales revenue of enterprises
with weak internal controls than those with strong internal
controls. Table 11 shows the empirical regression results. We
divide the sample into two groups according to the degree of
internal control. In the subsample of enterprises with weak
internal controls, the coefficient of Detatem is significant and
negative, while that for enterprises with strong internal controls
is not significant. The combined results of Columns (1) and
(2) show that climate change has a greater negative impact on
enterprises with weak internal controls than on enterprises with
strong internal controls.

Conclusion and implications

Conclusion

Following the aggravation of climate change and the
frequent occurrence of extreme climate events, the impact of
climate change has become a critical issue that cannot be ignored
in academic and practical circles. Many conclusions have been
drawn on the macroeconomic impact of climate change, but
there is little discussion of the microeconomic impact of
climate change, and empirical research at the enterprise level
is still in its infancy. China is currently the world’s largest
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industrial country; thus, it is pursuing carbon peak and carbon
neutral policies vigorously. These ‘double carbon’ targets help
China to transform its economy toward green and sustainable
development and promote the construction of a beautiful
China and global climate governance. These efforts fully
demonstrate that China is deeply involved in the fight against
global climate change. Maintaining ecological security and
achieving green development is currently a challenging socio-
economic consensus globally. In China, it is difficult to achieve
a balance between environmental governance and economic
operations, in addition to simultaneously promoting carbon
emission reduction targets and economic transformation
processes, especially in combination with China’s strategic task
of high-quality economic development and construction of an
ecological civilization. Therefore, this paper provides important
findings for the literature on the economic impact of climate
change on microenterprises.

We use Chinese listed enterprises from 2008 to 2019 as a
sample and conduct an empirical study controlling for industry
and time fixed effects in the model. We find that climate
change has a significant and negative impact on enterprises’
sales ability. We use difference-in-differences and variable
substitution to demonstrate the robustness of our research
findings. Furthermore, the mechanism of the impact of climate
change on enterprises’ sales ability is analyzed from three
dimensions: that is, inside enterprises, the demand side and
the supply side. We also find that climate change has a greater
impact on private enterprises than on state-owned enterprises.
In addition, the impact of climate change on enterprises in
less developed areas is greater than that in developed areas.
Finally, the impact of climate change on enterprises with weak
internal controls is greater than for enterprises with strong
internal controls.

Implications

As one of the countries with the largest variety, intensity
and frequency of climate disasters in the world, China faces
a particularly prominent risk of climate change. Climate
change may affect China’s ecological environment, economic
development, national security, and even society stability. China
is facing challenges in addressing climate change and has
made many efforts to control it. When determining major
national strategies and overall layout of the construction of
ecological civilization, China has taken carbon peaking and
carbon neutrality into account and promote the “dual carbon”
work in all areas of society. On the one hand, China has
gradually reduced coal consumption and actively promoted the
transformation of its energy structure. By 2020, China’s share
of coal in energy consumption has fallen from nearly 70% in
2012 to 57%. On the other hand, China has launched online
trading in the carbon market, which has played an optimal

role in the allocation of energy resources. In the same year, the
Ministry of Ecology and Environment of the People’s Republic
of China promulgated the ‘Administrative Measures for Carbon
Emissions Trading’ (Trial Implementation), officially launching
China’s carbon market. Physical risks such as climate change
(e.g., floods, droughts, severe storms, and extreme heat), policy
changes and regulatory changes (e.g., corporate reputation),
changes in consumer behavior and increased humanitarian
needs will affect businesses, such as procurement, production,
sales and more. Due to the randomness and complexity of
climate change, companies are basically unable to avoid risk by
predicting climate change, and can only passively accept climate
change. In the long run, the comprehensive competitiveness is
bound to be affected. Based on the above analysis, we made the
following recommendations from the perspective of enterprise,
society, and government.

Recommendations from the enterprise
perspective

First, raising the awareness of climate change among
managers. Enterprises should strengthen the training of
managers on climate change, so that they can understand
climate change issues and how to deal with relevant risk.
Senior managers should establish a high degree of climate risk
awareness and improve climate change response capabilities.

Second, improving the level of internal control of the
enterprises. Climate change has adversely impacted the sales
capacity of enterprises by affecting demand-side, supply-side
and internal production and operation activities. Enterprises
should improve the quality of internal control to reduce the
adverse impact of climate change on enterprise sales.

Third, improving the technical level and establish emission
reduction plans that balance the interest of enterprise and
climate change risk. The enterprise should pay attention to
relevant policies to address climate change at the national
and even international levels. Under the guidance of macro
climate change measures, adopt new production models
(e.g., research and development of low-carbon technologies
in the production process, purchasing applicable low-carbon
production technologies, etc.) and operating methods (e.g.,
expanding green industrial chains, integrating emerging low-
carbon technologies markets etc.). Enterprise should optimize
their production and operation structure, reduce production
costs, and improve their comprehensive competitiveness.

Recommendations from social perspective
First, raising the awareness of Chinese residents on climate

change issues. Propaganda related to climate change can be
strengthened by printing brochures and setting up relevant
websites. Residents should also actively participate in climate
change governance and pay attention to climate change issues.

Second, improving the observation capability and
meteorological service level of climate change. The
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meteorological department needs to continuously improve
the meteorological monitoring technology, provide more
real, reliable and applicable meteorological data, and actively
cooperate with local enterprises to develop new meteorological
services (e.g., early warning of climate disasters, etc.) for
them and provide effective support for them to cope
with climate change.

Recommendations from government
perspective

First, the government should improve the response
mechanism to climate change and the rescue mechanism
for enterprises under climate disasters, and coordinate the
promotion of economic development and green governance.
Local government needs to build a comprehensive climate
change response mechanism as well as climate disaster
prevention and control mechanism. They should strive to act
in respond quickly before or at the early stage of meteorological
disasters caused by climate change, and take necessary measures
to minimize the impact to local enterprises and society. Local
government in areas with high climate risk and economically
underdeveloped areas should strengthen their awareness of
green governance, establish the concept of green development,
and establish climate change response mechanism.

Second, strengthening the awareness of cooperation,
promoting interregional cooperation to cope with climate
change. We find that the sales ability of enterprises in developed
regions is less affected by climate change. On this basis,
the developed areas can form a supporting mechanism with
underdeveloped areas to strengthen cooperation and exchange
between regional governments and provide resources and
technologies to underdeveloped areas to deal with climate
change. Only in this way can they maintain their own
green development advantages while improving the ability of
underdeveloped areas to cope with climate change.

Third, continue to promote and improve policies and
actions related to carbon emission reduction. We confirm that
low-carbon city pilots have a positive effect on reducing the
economic impact of climate change, indicating that the “double
carbon” goal is not only a major strategy for the construction
of ecological civilization, but also a practical need to meet
the demand of green development. Carbon Peak Action can
reduce the adverse impact of carbon emission on residents’
daily life and natural environment, have a long-term positive
impact on business operation. It can boost the comprehensive
green transformation of economic and social development,
provide a Chinese solution for achieving high-quality economic
development and global green governance.
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