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Abstract: Global climate warming leads to frequent extreme temperature events. Extreme temperatures bring uncontrollable uncertainty factors
to the operation and management of enterprises. The Environmental, Social, and Governance (ESG) performance of enterprises is closely related
to their business management. However, empirical evidence on to what extent extreme temperatures affect the ESG performance of enterprises is
still lacking. The paper analyzes the influence of extreme temperatures on the ESG performance of enterprises to bridge this gap by constructing
temperature intervals. There are several important results: (1) For each additional day within the temperature range of 30°C and above, the ESG
score decreased by 0.09 points; (2) Extreme temperatures adversely affect ESG through operating costs, shareholders’ equity, and information
disclosure levels of enterprises; (3) Extreme temperatures are more likely to negatively impact the ESG performance of enterprises in the realty,
manufacturing, electricity, and transportation industries. Therefore, at the macrolevel, the government should formulate relevant policies to
address global warming. At the microlevel, enterprises should gradually incorporate climate change risks into their daily management

systems to reduce the negative impact of extreme temperatures on their ESG performance.
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1. Introduction

Global warming is driving an increase in the frequency of extreme
temperature events [1]. This rising frequency is making climate change
an escalating risk for enterprises, presenting new challenges to
their operations, financial stability, and social responsibility.
Environmental, Social, and Governance (ESG) criteria are crucial for
assessing enterprise sustainability and play a pivotal role in helping
enterprises identify and address these risks [2]. Therefore, managing
the risks associated with extreme temperatures has become a key
component of an enterprise’s sustainability strategy. This is both
theoretically and practically significant for encouraging enterprises to
actively address the challenges of climate change and pursue
sustainable development. It also provides a valuable framework for
investors, regulators, and the public to assess the long-term value and
social responsibility of enterprises.

Currently, both domestic and international scholars have
extensively studied the impact of climate change at the enterprise
level, focusing on its effects on corporate operations, finances,
social responsibility, and governance. For instance, Somarin et al.
[3] show that climate change and global warming are increasing
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the frequency and intensity of extreme weather events, which
disrupt supply chains and critical infrastructure, including
transportation, water, sanitation, and energy systems. Wang et al.
[4] emphasize that extreme temperatures pose a significant risk to
listed companies, threatening corporate assets and highlighting the
need for stronger risk mitigation strategies. Xiong et al. [5]
quantify the financial impact of extreme weather by analyzing
abnormal stock returns, emphasizing the substantial economic
consequences of such events. Liang et al. [6] reveal a significant
negative relationship between extreme weather and corporate
labor productivity. In response, an increasing number of
companies are incorporating extreme weather into their strategic
planning and adopting measures, such as carbon emission
management, to reduce the impact of these events [7].

While both domestic and international scholars have made
significant strides in examining the impact of climate change on
various aspects of corporate operations, the growing frequency of
extreme temperature events and the uncertainty surrounding
climate change continue to present major challenges. The question
of how companies can effectively manage these risks and adjust
their ESG performance remains a critical area for further
investigation. Research on this topic can provide valuable insights
to support the sustainable development of businesses and offer
decision-making guidance for local governments in crafting
effective climate change adaptation policies.

© The Author(s) 2025. Published by BON VIEW PUBLISHING PTE. LTD. This is an open access article under the CC BY License (https://creativecommons.org/

licenses/by/4.0/).
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This paper makes three key contributions to the literature: firstly,
while existing studies have primarily focused on the relationship
between ESG practices and corporate financial investment [8, 9],
there has been limited exploration of corporate ESG performance in
the context of temperature change. Secondly, this study introduces a
novel research method that moves beyond the traditional analysis of
annual mean temperatures [10, 11]. By utilizing a temperature
chamber to simulate temperature variations and subdividing the
temperature range, the study provides a more precise evaluation of
how different temperature levels impact corporate ESG performance.
Finally, existing literature has not fully explored the mechanisms by
which temperature changes influence ESG performance, often
lacking a clear causal framework. This paper addresses this gap by
analyzing the effects of extreme temperatures on ESG performance
across three dimensions: operating costs, shareholders’ equity, and
information disclosure. In doing so, it provides a theoretical
foundation to guide policymakers in developing more effective
climate adaptation strategies and corporate governance measures.

The remainder of the paper is as follows. Section 2 introduces
the theoretical framework of the influence of extreme temperature on
enterprise ESG. Section 3 presents the data and methodology.
Section 4 highlights empirical results and discussion. Section 5
shows the conclusion and policy suggestions.

2. Theoretical Analysis

2.1. Direct effect

Global climate change is frequent as the greenhouse effect
increases. It not only affects physical attributes such as
temperature, precipitation, and biodiversity around the world but
also significantly influences human health, the economy, and
social stability. According to the Global Risk Report 2021 by the
World Economic Forum, climate change has emerged as a major
risk affecting the ESG performance of enterprises over the next
decade. Therefore, the sensitivity of enterprises to climate risks is
closely related to their level of development.

Climate change is the main reason for the increase in extreme
temperature phenomena [12, 13]. Temperature change is
associated with all three dimensions of ESG performance. The
three dimensions of ESG include energy use, pollutant
emissions, employee rights, social responsibility, corporate
behavior, and business ethics. Figure 1 [2] shows the specific
content included in ESG. At the environmental level, the
occurrence of extreme temperatures can affect the accuracy and
service life of production equipment. To ensure efficient
production, enterprises often deploy large-scale cooling systems
in their production areas, which can increase -electricity
consumption. At the societal level, the emergence of extreme
temperatures places higher demands on operational techniques
during production. This increases the workload of enterprise
employees. Meanwhile, the frequent occurrence of high
temperatures easily influences the health of employees. Extreme
temperatures can increase the risk of cardiovascular, respiratory,
and other related diseases [14]. Additionally, exposure to high
temperatures can lead to heat stress and fatigue, which may
trigger emotions such as depression and anger among employees
[15, 16]. At the governance level, it shows that the frequency of
extreme temperatures causes enterprises to adjust their business
behaviors [17]. For example, in terms of recruitment strategies,
enterprises are more likely to recruit highly skilled employees.
Therefore, this paper proposes Hypothesis 1.
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H1: Extreme temperature negatively affects the ESG performance
of enterprises.

2.2. Influence mechanism
1) Operating costs

Operating costs refer to the expenses incurred by enterprises
during production and operations. These costs are crucial for an
enterprise, as they directly impact profitability and growth [18].
Operating costs can be classified into direct and indirect costs.
Direct costs are those directly associated with the production of
goods or services, such as raw materials, labor, and manufacturing
expenses. Indirect costs are not directly linked to production and
include overhead, selling expenses, and finance costs.

Global warming leads to frequent extreme temperatures. Extreme
temperatures affect not only human daily life but also the business
activities of enterprises. Extreme temperatures can increase the strain
on production equipment, resulting in higher energy consumption for
enterprises [19]. Additionally, they may disrupt supply chains,
significantly affecting transportation and causing delays in the
delivery of raw materials. Furthermore, extreme temperatures can
impact individuals’ psychological well-being and cognitive abilities,
leading to decreased workforce motivation [20, 21]. In this case,
enterprises often encourage employees to work actively by increasing
labor compensation. In other words, extreme temperatures cause
higher operating costs for enterprises. The increase in operating costs
affects not only the profits of enterprises but also indicators such as
employee welfare, leading to the deterioration of enterprise ESG
performance. Therefore, this paper proposes Hypothesis 2.

H2: Extreme temperatures increase the operating costs of
enterprises, leading to a decline in their ESG performance.

2) Shareholders’ equity

Shareholders’ equity evaluates the governance level and
decision-making process of enterprises and has an important effect
on the governance dimension of ESG. Shareholders’ equity is the
total equity of the owners in the enterprise. It is an important
indicator to measure the profitability of enterprises, which not
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only reflects the economic interests enjoyed by shareholders in the
assets of enterprises but also reflects the capital of enterprises.
From the perspective of enterprises themselves, extreme
temperatures affect their investment and financing decisions and
generate economic loss time. This leads to higher leverage of the
enterprise, affects its operations and governance, and thus reduces
the undistributed profits and surplus reserves in shareholders’ equity
[22]. From the perspective of investors, the emergence of extreme
temperatures reduces their confidence in investing in enterprises,
leading to a decrease in capital investment and a decrease in
corporate equity [23]. In addition, Peillex et al. show that extreme
temperatures can also negatively affect the energy, mood, and
concentration of investors [24]. This affects trading behavior and
has an adverse impact on shareholders’ equity. The governance (G)
dimension of ESG evaluates an enterprise’s governance structure
and decision-making processes. Shareholders’ equity is an
important indicator of G dimension, which directly affects ESG
performance [25]. Therefore, this paper proposes Hypothesis 3.

H3: Extreme temperatures reduce the shareholders’ equity of
enterprises, leading to a decline in their ESG performance.

3) Information disclosure level

The level of information disclosure by enterprises reflects to
some extent their market transparency. There are significant
differences in environmental transparency between different
industries. Institutional or cultural factors can affect the quantity
and quality of enterprise information disclosure [26].

Extreme temperatures are a form of negative meteorological
event. It can pose some unexpected risks to the public. This makes
the public averse to extreme temperatures. In this background,
enterprises tend to disclose more information to achieve a good
equilibrium in the market. For example, they examine how
enterprises make information disclosure decisions when audience
preferences are uncertain [27]. The results show that as the public
becomes more risk averse, enterprises become more difficult to
keep silent. This is because silence creates more unknown risks for
the market audience, which negatively affects the enterprise.
Different quality of information disclosure leads to differences in
ESG performance. When enterprises increase the level of
information disclosure, this can expose more true information about
the enterprise, and thus show the true and lower market value of the
enterprise [28]. The market value of the enterprise is positively
related to ESG performance, so the true ESG performance also
decreases. Therefore, this paper proposes Hypothesis 4.

H4: Extreme temperatures increase the information disclosure
quality of enterprises, leading to a decline in their ESG performance.

3. Data and Methodology

3.1. Variables
1) Dependent variables

At present, domestic and foreign research mainly measure the ESG
performance of Chinese-listed enterprises based on databases such as
Hexun ESG and Huazheng ESG [29, 30]. This paper uses the Hexun
ESG data as the baseline to construct the dependent variable. There
are two main reasons for this:

First, at the level of data consistency, Hexun ESG data have
rated and scored most of the listed enterprises in Shanghai and
Shenzhen A-shares for many years. Compared with other ESG

rating agencies, Hexun ESG data cover more listed enterprises
and a wide range [31, 32]. Second, at the level of data
completeness, the evaluation system of ESG by Hexun includes
specific scores for each sub-indicator. This facilitates further
analysis. Therefore, we apply Hexun ESG data to measure the
ESG performance of Chinese-listed enterprises in benchmark
regression. Huazheng ESG data is used for robustness tests.

2) Independent variables

The temperature changes vary greatly throughout the year. If the
annual average temperature is directly used, a large amount of
information of temperature will be lost. This affects the validity of the
estimation results. Therefore, in order to clarify the impact of different
temperature variations on the ESG performance of enterprises, this
paper refers to them [33, 34], and adopts the temperature box
approach to characterize the overall distribution of temperature. We
construct temperature intervals based on average daily temperatures
and use 3°C as the interval length to calculate the number of days in
a year when different temperatures fall into each interval.

3) Control variables

The control variables include sunshine hours, wind speed,
precipitation, relative humidity, and atmospheric pressure. This
paper identifies the region of listed enterprises based on the
location of their main business and thus matches the weather-level
control variables.

3.2. Econometric model

ESGy = g + Y, Templi + BX; +8;+ 11, +0 (1)
n

Equation (1) is the benchmark regression model for this paper—
where i, t, and ¢ denote the enterprise, the year, and the county of the
enterprise, respectively. ESG;, denotes the ESG performance of
enterprise i in year . Temp), denotes the number of days in year ¢
when the average daily temperature of enterprise i falls into the
nth temperature interval. This paper divides the average daily tem-
perature into 13 intervals. The length of each temperature interval
is 3°C. Temp, denotes the number of days in year ¢ when the average
daily temperature of enterprise 7 falls into the interval (—o0°C, —3°C).
Temp? denotes the number of days in year ¢ when the average daily
temperature of enterprise i falls into the interval [-3°C, 0°C). Temp?
denotes the number of days in year # when the average daily temper-
ature of enterprise i falls into the interval [30°C, +o0). The rest of the
daily average temperature intervals follow this pattern. X;; is control
variables. §; and u, denote enterprise fixed effects and year fixed
effects, respectively. O clusters to the county level.

In the baseline regression, this paper chooses [12°C, 15°C) as
the control group in order to avoid multicollinearity. This is because
[12°C, 15°C) is in the middle of the 13 temperature intervals and is
the most suitable temperature perceived by people. Therefore, the
regression coefficient represents the impact of each additional day
in which the daily average temperature falls into the interval » on
the ESG performance of enterprises compared with the
temperature interval [12°C, 15°C).

3.3. Data sources

The study uses the annual data of Chinese A-share listed
enterprises in Shanghai and Shenzhen from 2011 to 2020 as the
research sample. In the benchmark regressions, this paper mainly
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Table 1 Figure 2
Descriptive statistics Regression coefficient of temperature interval
M 2 3) ) (%) <
VARIABLES N mean sd min  max
ESG_hexun 7,210 30.45 19.53 —12.98 90.87
ESG_huazheng 7,210  7.08 1.20 1 9 o
Wind speed 7210 2235 0490  0.92 5.30
Atmospheric pressure 7,210 994.00 42.78  620.70 1,017
Sunshine hours 7,210 1,883 423.10 662.70 3,416
Humidity 7,210 70.84 9418 3392 87.05 ©1
Precipitation 7,210 1,258 552.20 119 3,009
o
uses data on both ESG scores and weather variables. Table 1 shows the
descriptive statistics of the variables in the baseline regression. <

The ESG score data come from the Wind! database. The sample
selection process of listed enterprises includes three main steps. First,
due to the high investment risks and uncertainties associated with ST
and ST* enterprises, which affect the accuracy of the research results,
these enterprises are excluded from this study. Second, this paper
excludes enterprises listed in the current year to avoid information
disclosure differences caused by the short time of listing. Third,
this paper excludes enterprises with significant data gaps to ensure
data completeness.

Climate-level variables come from the China National
Meteorological Science Data Centre (CNMDC). The CNMDC
dataset includes climate variables such as average temperature,
maximum temperature, minimum temperature, precipitation,
sunshine hours, atmospheric pressure, and relative humidity. This
paper matches the raw data to specific districts and counties based
on the latitude and longitude information of the sites provided in
the raw data. For districts and counties with multiple sites, this
paper uses the arithmetic mean of the daily data from multiple sites
as the daily data for this district and county. Finally, we match the
data of listed enterprises in the Wind database with the weather data
in the CNMDC to screen out 721 listed enterprises and obtain
7,210 sample observations for benchmark regression analyses.

4. Empirical Results and Discussion

4.1. Baseline regression

Figure 2 shows the regression coefficients of each temperature
interval. Table 2 shows the regression results obtained based on
formula (1). Columns (1)-(6) indicate that when controlling variables
at the weather level are gradually added, the regression coefficients
and significant changes in each temperature interval are relatively
small and generally stable. Column (6) shows that Temp}? is signifi-
cantly negative at the 1% level and Temp}? is significantly negative
at the 5% level. This indicates that for each additional day the average
daily temperature falls within the ranges of [27°C, 30°C) and [30°C,
+00), the score decreases by 0.13 points and 0.09 points, respectively.
This verifies hypothesis 1 of this paper.

ESG is a method and tool for measuring enterprise performance
in the ESG areas. It represents the overall situation of enterprises in
the market. Climate change not only threatens natural ecosystems but
also has a profound impact on the economic sustainability of
enterprises [35]. For example, climate change leads to extreme
weather events. In recent years, the intensity and frequency of

Thttps://www.wind.com.cn/newsite/edb.html
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extreme temperatures have continued to increase. From the
perspective of production processes, extreme temperatures
increase the operating load of machine and equipment. From the
perspective of the supply chain, extreme temperatures increase the
demand for energy in enterprises. Therefore, extreme temperatures
can directly affect the production and supply chain of enterprises,
and thus affect the economic performance of enterprises. The
economic performance of enterprises is related to their ESG
performance [36]. Therefore, with the frequency of extreme
temperatures, the ESG performance of enterprises becomes worse.

4.2. Mechanism analysis

The influence mechanism of extreme temperature on enterprise
ESG has three main aspects. First, extreme temperature affects the
daily operation activities of enterprises. This increases the operating
costs of enterprises. Second, extreme temperatures can affect the
investment and financing activities of enterprises, leading to a
decrease in their shareholder equity. Third, extreme temperatures
affect the market equilibrium and lead to an increase in the
information disclosure level of the enterprise. The paper reports the
analysis results of these impact mechanisms in Tables 3, 4, and 5.

(1) Operating costs

High temperatures can trigger a series of chain reactions. On the
one hand, high temperatures increase the electricity load. The increase
in electricity load increases the operating cost of enterprises. On the
other hand, as an important environmental factor, high temperature
affects the labor cost of enterprises. From the perspective of
employees, high temperatures not only affect their physical health
but also have a significant impact on their own psychological state.
Heutel et al. [37] use health insurance data to show that high
temperatures weather increases employee healthcare expenditures
[37]. Baylis et al. [38] use social media data to show that high
temperatures and weather lead to emotional decline among
employees [38]. In the context of physical health and mental state
damage, employees often demand that enterprises pay high-
temperature subsidies. This adds to the operating expenses of
enterprises.

In addition, the increase of high-temperature days also adds to the
risk of employees voluntarily leaving their jobs. The situation of
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Table 2
Baseline regression result
VARIABLES 1) ) 3) “) ) (6)
Temp). 0.067 0.071 0.070 0.070 0.067 0.071
i (0.071) (0.070) (0.071) (0.071) (0.071) (0.070)
Temp?, 0.054 0.055 0.051 0.051 0.061 0.060
(0.082) (0.082) (0.082) (0.083) (0.082) (0.081)
Temp?, 0.029 0.031 0.031 0.031 0.032 0.044
(0.063) (0.063) (0.063) (0.063) (0.063) (0.062)
Temp? 0.011 0.014 0.016 0.016 0.020 0.032
(0.051) (0.050) (0.051) (0.051) (0.051) (0.050)
Temps, —0.107%* —0.104%:* —0.101%:* —0.101%:* —0.102%* —0.098%*
(0.046) (0.046) (0.046) (0.046) (0.046) (0.045)
Temp?, 0.059 0.059 0.062 0.062 0.062 0.071
(0.049) (0.048) (0.049) (0.049) (0.049) (0.049)
Temp?, —0.080 —-0.077 —-0.073 —-0.074 —-0.075 —-0.072
(0.059) (0.059) (0.059) (0.059) (0.059) (0.058)
Temps, —0.030 —0.025 —-0.022 —-0.022 —-0.023 —-0.011
(0.047) (0.047) (0.047) (0.047) (0.047) (0.046)
Temp},o —0.054 —0.049 —0.045 —0.045 —0.047 —0.033
(0.042) (0.042) (0.042) (0.042) (0.042) (0.041)
Templ! —-0.056 —0.051 —0.046 —0.046 —-0.049 —-0.038
(0.046) (0.046) (0.046) (0.046) (0.047) (0.046)
Templ? —0.150%** —0.147%%* —0.140%** —0.140%%* —0.145%%%* —0.134%**
(0.048) (0.048) (0.048) (0.048) (0.048) (0.047)
Temp)? —0.128*** —0.118*** —0.112%%* —0.112%%* —0.122%%** —0.092%**
(0.042) (0.042) (0.042) (0.042) (0.044) (0.044)
Sunshine —0.002 —0.002 —-0.002 —0.003 —0.002
(0.002) (0.002) (0.002) (0.002) (0.002)
Wind speed 1.658 1.678 1.701 2.485
(1.683) (1.904) (1.905) (1.906)
Atmospheric pressure 0.003 —0.009 —0.009
(0.110) (0.110) (0.110)
Humidity —0.134 —0.203
(0.141) (0.144)
Precipitation 0.003%**
(0.001)
Constant 57.212%%* 58.839%%* 54.082%%%* 51.259 75.491 67.690
(12.810) (12.851) (13.244) (110.390) (113.553) (113.782)
Enterprise FE Y Y Y Y Y Y
Year FE Y Y Y Y Y Y
Observations 7,210 7,210 7,210 7,210 7,210 7,210
R-squared 0.534 0.534 0.534 0.534 0.535 0.535

Note: Robust standard errors in parentheses. *** p < 0.01, ** p <0.05, * p <0.1

employees leaves increases the cost of re-recruiting labor for the
enterprise. Enterprise ESG performance requires capital investment
and support. However, increased costs may reduce ESG-related
investments, thereby weakening overall ESG performance.

This paper replaces the dependent variable in Equation (1)
with the operating cost of enterprises to test the existence of the
operating cost mechanism. The control variables remain
unchanged. Table 3 reports the regression results. Columns
(1)-(6) show that the regression coefficients and significance
of [27°C, 30°C) and [30°C, +o0) are less variable and
generally stable. Column (6) shows that Temp)? and Temp}?
are significantly positive at the 5% level. This shows that as
the number of days with the daily average temperature falling

2Due to space constraints, this paper only shows the results of temperature intervals
Temp)? and Temp)?.

into [27°C, 30°C) and [30°C, +o0) increases, the operating costs
of enterprises increase. This verifies Hypothesis 2 of this paper.

(2) Shareholders’ equity

The frequent occurrence of high-temperature weather brings
many uncertainties to the economic activities of enterprises. On
the one hand, high-temperature weather affects investment and
financing decisions of enterprises [39]. Since high-temperature
weather may lead to an increase in climate instability and natural
disasters, the operation and governance of enterprises are affected.
This may cause enterprises to become cautious about new investment
opportunities or even postpone some important investment plans.
Meanwhile, high-temperature weather also raises the cost of financing
for enterprises [40]. Due to the presence of climate risks, financial
institutions tend to take a more cautious approach to loans involving
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Table 3
The impact of extreme temperatures on operating costs
VARIABLES? o 2 3) @) ®) (6)
Temp)? 1.214%* 1.181%* 1.046%* 1.128%* 1.156%* 1.145%*
i (0.504) (0.514) (0.510) (0.507) (0.478) (0.476)
Templ? 1.113%* 1.012%* 0.897* 1.017* 1.066%* 1.043%**
(0.500) (0.511) (0.520) (0.519) (0.475) (0.474)
Sunshine 0.018 0.023 0.024 0.028 0.027
(0.022) (0.021) (0.021) (0.025) (0.025)
Wind speed —34.594* —49.507%%* —49.613** —50.230%*
(19.311) (20.801) (20.831) (19.606)
Atmospheric pressure —2.034%%* —1.987%%* —1.989%%*
(0.923) (0.885) (0.888)
Humidity 0.618 0.672
(1.646) (1.651)
Precipitation —-0.003
(0.014)
Constant —103.931 -118.929 -21.071 2,009.844%:* 1,905.971%* 1,914.275%*
(150.557) (151.418) (173.277) (949.652) (885.375) (891.661)
Enterprise FE Y Y Y Y Y Y
Year FE Y Y Y Y Y Y
Observations 6,450 6,450 6,450 6,450 6,450 6,450
R-squared 0.940 0.940 0.940 0.940 0.940 0.940
Table 4
The impact of extreme temperature on shareholders’ equity
VARIABLES ) @) 3) @) 5) (©6)
Temp}? —0.671%** —0.688*** —0.729%** —0.713%%* —0.712%%* —0.675%%*
i (0.199) (0.200) (0.204) (0.206) (0.208) 0.212)
Temp)? —0.442%* —0.4997%#* —0.530%** —0.505%* —0.504%* —0.419%*
(0.176) (0.190) (0.193) (0.197) (0.198) (0.198)
Sunshine 0.010 0.011 0.012 0.012 0.013
(0.008) (0.008) (0.009) (0.010) (0.010)
Wind speed —10.104 —13.829 —13.834 —11.669
(8.438) (9.466) (9.533) 9.517)
Atmospheric pressure —0.507 —0.506 —0.509
(0.525) (0.522) 0.517)
Humidity 0.013 —0.192
(0.723) (0.686)
Precipitation 0.009%%*%*
(0.003)
Constant 236.468*** 229.117%%* 257.528%*** 765.288 763.143 745.539
(49.244) (48.491) (54.490) (527.543) (525.804) (521.244)
Enterprise FE Y Y Y Y Y Y
Year FE Y Y Y Y Y Y
Observations 5,980 5,980 5,980 5,980 5,980 5,980
R-squared 0.841 0.841 0.841 0.842 0.842 0.842

high-risk industries. This can increase the difficulty and cost of financing
for enterprises. The outcome of investment and financing by enterprises
is related to the distribution of shareholders’ equity.

On the other hand, high-temperature weather can affect investor
confidence in the enterprise. For example, Battiston et al. [41] show
that as the extent of climate change increases, the asset value of the
industry decreases [41]. This causes investors to reduce their
willingness to invest in enterprises operating in high-risk industries.
Investors’ panic may lead to the decline in share price and decrease in
market capitalization for enterprises, and thus affect the shareholders’

06

equity of enterprises. Shareholders’ equity is one of the key indicators
of enterprise governance and business performance. The impact of
high-temperature weather on shareholders’ equity directly reflects on
the G dimension of ESG performance. Therefore, high-temperature
weather makes ESG performance worse by affecting shareholders’
equity of enterprises.

This paper replaces the dependent variable in Equation (1) with the
shareholders” equity of enterprises to test the existence of the
shareholders” equity mechanism. The control variables remain
unchanged. Table 4 reports the regression results. Columns (1)—+6)
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Table 5
The impact of extreme temperatures on information disclosure
VARIABLES 1) ) 3) “) ) (6)
Temp!? —0.010%:* —0.010%:* —0.0097* —0.0097#:#: —0.009:#:* —0.0097%:
i (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Templ? —0.007%** —0.007%*** —0.007%*** —0.007%** —0.007*** —0.007%**
(0.002) (0.003) (0.002) (0.002) (0.002) (0.003)
Sunshine 0.000 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)
Wind speed 0.219%* 0.257%%* 0.256%* 0.248%**
(0.093) (0.109) (0.109) (0.109)
Atmospheric pressure 0.005 0.005 0.005
(0.007) (0.007) (0.007)
Humidity 0.004 0.004
(0.009) (0.009)
Precipitation —0.000
(0.000)
Constant 3,047 2.946%* 2.32 ]k —2.458 -3.109 —-3.028
(0.848) (0.838) (0.784) (6.615) (6.631) (6.655)
Enterprise FE Y Y Y Y Y Y
Year FE Y Y Y Y Y Y
Observations 6,290 6,290 6,290 6,290 6,290 6,290
R-squared 0.460 0.460 0.461 0.461 0.461 0.461

show that the regression coefficients and significance of [27°C, 30°C)
and [30°C, +oo) are less variable and generally stable. Column (6)
shows that Temp)? is significantly negative at the 1% level and
Templ? is significantly negative at the 5% level. This shows that as
the number of days with the daily average temperature falling into
[27°C, 30°C) and [30°C, +o0) increases, the shareholders’ equity of
enterprises decreases. This verifies Hypothesis 3 of this paper.

(3) Information disclosure level

With the increasingly severe situation of climate change, the
impact of extremely high temperature on the production and
operation of enterprises is increasingly significant. In this context,
enterprises often choose to increase their information disclosure
levels [3]. The increase in information disclosure has great
significance for enterprises, investors, and the relevant authorities.
First, information disclosure can help enterprises better assess the
risks associated with extremely high temperatures. Second,
information disclosure can help investors accurately assess the
value of enterprises and avoid investment risks. Third, information
disclosure can help relevant authorities to obtain more climate-
related data, and thus help them to stabilize the market.

Different quality of information disclosure can bring about
differences in ESG performance. Yuan et al. [42] show that effective
disclosure reduces the opacity of the enterprise and limits the surplus
management of the enterprise, thus reducing the propensity for
financial irregularities [42]. This may reveal a true lower financial
profile of enterprises and lead to lower ESG performance related to
finance. Therefore, the frequent occurrence of extremely high
temperatures promotes higher levels of information disclosure by
enterprises and thus affects their ESG performance.

This paper replaces the dependent variable in Equation (1) with the
quality of information disclosure of enterprises to test the existence of
the information disclosure mechanism. The control variables remain
unchanged. We refer to Kim and Verrecchia [43] for measuring
disclosure quality with the KV index [43]. Table 5 reports the
regression results. Columns (1)-(6) show that the regression
coefficients and significance of [27°C, 30°C) and [30°C, +o0) are

less variable and generally stable. Column (6) shows that Temp}?
and Temp}? are significantly negative at the 1% level. KV index is a
reverse indicator of the quality of information disclosure. This shows
that as the number of days with the daily average temperature falling
into [27°C, 30°C) and [30°C, +o0) increases, the information disclosure
of enterprises increases. This verifies Hypothesis 4 of this paper.

4.3. Heterogeneity analysis

The paper separately regresses the ESG performance of
enterprises in different industries according to the three-digit code
of the industry. Figures 3 and 4 show the estimation results by
industry. We can see that among the 12 industries in the sample of
this paper, extremely high temperatures have significantly negative
impacts on the ESG performance of four industries. This shows that
as the number of days with the daily average temperature falling
into [27°C, 30°C) and [30°C, +o0) increases, the ESG performance
of these industries becomes worse. These industries include the
realty, manufacturing, electricity, and transportation industries.

4.4. Robustness tests
1) Replace ESG measurement methods

The study applies the Huazheng ESG score to replace the ESG
performance indicators in the benchmark regression for robustness
tests. Column (1) of Table Al in the appendix is the regression
result. The result shows that Temp}? and Temp)? are significantly
negative at the 5% level. This indicates that the conclusions of the
paper are not sensitive to the selection of the dependent variable,
and proves the robustness of the results.

2) Adjust control variables

This paper further controls for enterprise-level and city-level
variables. The control variables at the enterprise level include
enterprise size, operating income, asset-liability ratio, and the
proportion of independent directors. City-level control variables
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Figure 3
[27°C, 30°C) interval heterogeneity analysis results
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include total regional GDP and the GDP share of the third industry.
Among them, total assets at the end of the period represent the
enterprise size. Liabilities at the end of the period divided by total
assets at the end of the period represent the asset-liability ratio. The
number of independent directors divided by the number of directors
represents the ratio of independent directors. Column (2) in Table Al
shows the regression results after adjusting control variables. The
result shows that Temp}? is significantly negative at the 1% level and
Temp}? is significantly negative at the 5% level. This shows that adjust-
ing the control variables does not affect the results of the benchmark

regression, and again proves the robustness of the results.

3) Control different fixed effects

This paper controls for the joint fixed effect of three-digit industry
codes and years to control for the influence of unobservable factors in
the industry over time on the estimation results. Table A1 column (3)
shows the regression results after adding the joint fixed effects of
industry and year. The result shows that Temp}? and Temp)® are
significantly negative at the 1% level. This indicates that after further
controlling for the joint fixed effects of industry and year, the results of

this study remain robust.
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5.

Conclusions and Policy Implications

5.1. Conclusions

The paper empirically analyzes the influence of extreme

temperature on enterprise ESG performance. Meanwhile, the

paper also analyzes the

influence mechanism of extreme

temperature on enterprise ESG performance. The main research
conclusions are as follows:

1))

2)

3)

Extreme temperatures negatively impact the ESG performance of
enterprises. As the external environment of economic activity,
extreme temperatures have an irresistible and significant
impact on macro- and microeconomic performance. At the
macrolevel, extreme temperatures create certain shocks to
industrial and agricultural production, energy supply, and
capital markets. This causes the price of the corresponding
product to increase. The increase in prices drives up the level
of inflation and affects the total supply and demand for
products. Under the influence of the macrolevel, the
production and operation of microlevel enterprises are facing
risks such as rising financial pressure due to shortages of raw
materials and unstable supply chains. Therefore, with the
frequent occurrence of high-temperature weather, the ESG
performance of enterprises becomes worse.

Extreme temperatures adversely affect ESG through operating
costs, shareholders’ equity, and information disclosure levels
of enterprises. First, extreme temperatures not only affect the
operation of infrastructure but also the physical and mental
health of employees. These increase the expenses of
enterprises. Enterprises need to invest capital, time, and labor
costs to carry out ESG-related activities. The increase in
operating costs leads to the poor ESG performance of
enterprises. Second, extreme temperatures introduce uncertainty
into the economic activities of enterprises. This is difficult to
control. When enterprises are unsure of the future economic
environment, they tend to approach investment decisions
cautiously. The investment and financing results of enterprises
are related to the distribution of shareholders’ equity. This
directly reflects in the G dimension of ESG performance. Third,
extreme temperatures pose some unexpected risks to the public.
Enterprises tend to disclose more information to achieve a good
equilibrium in the market. This can expose more true
information about the enterprise, and thus show the true and
lower market value of the enterprise. The market value of the
enterprise is positively related to ESG performance, so the true
ESG performance also decreases.

Extreme temperatures are more likely to negatively impact the
ESG performance of enterprises in the realty, manufacturing,
electricity, and transportation industries. For the realty
industry, high temperatures tend to affect public mood.
People may cut back on plans to buy homes. For the
manufacturing industry, high temperatures negatively affect
the working environment and the physical condition of
employees, which in turn reduces the productivity of the
enterprise. For the electricity industry, high temperatures can
lead to a lack of hydroelectric power generation. For the
transport industry, high temperatures create many
uncertainties in the transport process. Therefore, extremely
high temperatures are more likely to negatively impact the
ESG performance of enterprises in the realty, manufacturing,
electricity, and transportation industries than in the rest of the
industries.
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5.2. Policy implications

Based on the findings of this paper, we offer policy implications
for how enterprises can achieve sustainable development and how
governments can design effective climate change policies. This is
reflected in two main aspects:

1) Enterprises should gradually incorporate climate change risks into
their daily management systems and strengthen climate change risk
monitoring and assessment. Global warming leads to the growth of
instability in the climate system. This adds to the frequency and
intensity of extremely high temperatures. Extreme temperature is
a difficult problem for enterprises to ignore, affecting their
operating costs, shareholders’ equity, and information disclosure
levels and leading to poorer ESG performance. Therefore, on the
one hand, enterprises should improve their risk management
capabilities and clearly define the responsibilities of different
management roles to deal with climate change [44]. This
enables enterprises to better prevent and respond to potential
risks. On the other hand, enterprises should actively transform
themselves to reduce the unavoidable costs of climate
adaptation, minimize the adverse impacts of high temperatures,
and thus improve their ESG performance.

2) The government should formulate relevant policies to address
global climate change. Global warming is the trigger for the
frequent occurrence of extreme temperatures. The frequent
occurrence of extreme temperatures can affect the sustainable
development of enterprises. Energy conservation and emission
reduction are effective measures to slow down global
warming. Therefore, on the one hand, the government should
encourage the development of renewable energy. Through
increasing the proportion of renewable energy and reducing
reliance on fossil fuels, greenhouse gas emissions can be
reduced [45, 46]. On the other hand, the government should
promote the transformation and upgrading of highly polluting
and energy-consuming industries to clean and low-carbon
industries. By eliminating outdated production capacity and
accelerating green technological innovation, we can reduce
greenhouse gas emissions.

Although this study provides a preliminary empirical analysis
of the impact of extreme temperatures on corporate ESG
performance, several areas warrant further investigation—firstly,
the study relies primarily on existing quantitative data, which may
not fully capture the complexity and diversity of climate change’s
effects on corporate social responsibility. Future research could
benefit from integrating qualitative methods, such as case studies
or in-depth interviews, to better understand the specific challenges
and effectiveness of ESG practices across different companies.
Secondly, this paper focuses on overall ESG performance across
the three dimensions—environment, society, and governance—
without examining how extreme weather impacts each dimension
individually. Future studies could investigate the distinct effects of
extreme weather on each of these ESG components.
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Appendix
Table Al
Robustness test results
VARIABLES (1) 2) 3)
Temp), 0.005 0.079 0.025
! (0.003) (0.066) (0.072)
Temp? —0.000 0.054 —0.034
(0.004) (0.077) (0.078)
Temp?, 0.002 0.046 0.015
(0.003) (0.060) (0.068)
Temp}; 0.002 0.030 0.041
(0.003) (0.048) (0.052)
Temp;, —0.001 —0.090%** —0.100%*
(0.003) (0.042) (0.045)
Temp$, 0.001 0.070 0.046
(0.003) (0.048) (0.052)
Temp$ —0.007%** —-0.070 —0.118%*
(0.003) (0.055) (0.058)
Temps, 0.001 —0.007 —0.021
(0.002) (0.045) (0.046)
Temp}? —0.002 —-0.037 —0.066
(0.002) (0.040) (0.041)
Templ} —0.006%** —0.034 —0.061
(0.002) (0.044) (0.047)
Temp)? —0.007%* —0.134%%* —0.176%#*
(0.003) (0.045) (0.047)
Temp}? —0.005%* —0.086%** —0.123 %%
(0.002) (0.043) (0.044)
Sunshine 0.000* —0.002 —0.003*
(0.000) (0.002) (0.002)
Wind speed —0.276%* 2.239 2.679
(0.123) (1.913) (1.860)
Atmospheric pressure —0.009 —-0.011 0.067
(0.009) (0.108) (0.124)
Humidity 0.004 -0.210 -0.220
(0.008) (0.143) (0.146)
Precipitation 0.000 0.0037#%* 0.003#%*
(0.000) (0.001) (0.001)
Constant 17.282% 67.650 4.624
(8.802) (111.678) (128.024)
Enterprise FE Y Y Y
Year FE Y Y Y
Enterprise control variable N Y N
Urban control variable N Y N
Industry-Year FE N N Y
Observations 7,210 7,210 7,210
R-squared 0.648 0.542 0.599
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