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Using Chinese listed companies as the research setting, this study investigates the
impact of climate risk on corporate precautionary cash holdings and further explores
possible underlying channels. We first apply the text mining technique to construct
the climate risk indicator. The regression results then show that climate risk has a
significant and positive impact on corporate precautionary cash holdings. Such
positive relationship is stronger for firms with small size and those located in
central and eastern China. Further mechanism analysis indicates that risk taking
and external financing play a mediating effect between climate risk and corporate
precautionary cash holdings. Our findings have important practical implications for
companies to make sustainability strategies against potential climate risks.
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1 Introduction

Climate risk should be highly concerned for it bringing increasing uncertainty to companies
(Huang et al., 2018; Pinkse and Gasbarro, 2019; Kanagaretnam et al., 2022). Extreme weather
events accelerate the depreciation of fixed assets of companies, even cause serious damage, and
it also reduce labor productivity and adversely affect the sales and profitability of companies
(Fuss, 2016; Hasegawa et al., 2016). From 2000 to 2019, there were more than 11,000 extreme
weather events in the world, which directly caused 475,000 deaths and 2.56 trillion US dollars in
economic losses (Eckstein et al, 2021). More importantly, in the process to a low-carbon
economy, the climate risk causes that companies are negatively affected in finance and
reputation because of changes in the aspects of relevant policies, laws, technologies and
market (Huynh and Xia, 2021; Ren et al, 2021). For example, the transition of energy
sources leads to that the utilization rate of traditional fossil energy declines, substantial
financial and technical support are required for utilizing and developing renewable energy,
and fossil fuel companies and energy intensive companies relying on fossil fuels face difficulties
(Green and Newman, 2017; Zhang et al., 2022).

Climate risk not only brings uncertainty to companies, but also requires companies to
implement appropriate risk prevention measures (Desing and Widmer, 2021). According to the
preventive motivation theory, increasing precautionary cash holdings is an effective way to
mitigate the uncertainty risks faced by companies (Han and Qiu, 2007). Precautionary cash can
protect and buffer corporate investment and financing when companies face uncertainty. In
terms of corporate investment, uncertainty increases the investment risk, thus corporate
managers are more cautious about investment to reduce risks (Aghion et al., 2005; Bloom
et al.,, 2007; Chatjuthamard et al., 2020). Cautious companies increase their precautionary cash
holdings in order to meet future investment opportunities and reduce future financial distress
(Bates et al., 2009). In terms of corporate finance, uncertain risks exacerbate information

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fenvs.2023.1045827/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1045827/full
https://www.frontiersin.org/articles/10.3389/fenvs.2023.1045827/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2023.1045827&domain=pdf&date_stamp=2023-02-10
mailto:2693641264@qq.com
mailto:2693641264@qq.com
https://doi.org/10.3389/fenvs.2023.1045827
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2023.1045827

Zhang et al.

asymmetry. To reduce market and default risk, banks often reduce the
scale of loans to companies or even suspend related business
transactions, which causes a reduction in external financing of
companies (Salas and Saurina, 2002). In order to mitigate the
negative impact of the decline of external financing, companies
tend to increase cash savings to ensure liquidity (Bliss et al., 2015).
In addition, the dynamic trade-off theory shows that companies need
to weigh between current investment and financing and future ones
when facing future financing constraints (Almeida et al., 2004). When
faced with external financing pressures, it is more expensive for a
company to raise external funds than to use internal funds. At this
point, it may be the best option for companies to hold some
precautionary cash to meet the needs of investment (Opler et al,
1999).

Concern over the impact of climate risk on companies has grown
over the past few years, and existing researches mainly focus on the
direct impact of climate risk on corporate operation. For example,
Hong et al,, (2019) points out that climate change aggravates natural
disasters, which causes serious damage to companies’ production and
profits. Javadi and Masum (2021) found that the interest margin of
bank loans paid by companies is significantly higher in areas with high
climate risk. However, there are few studies about how companies
strategically prevent climate risks, especially in China. In recent years,
extreme weather events have occurred frequently in China, causing
huge losses of economy. For example, the Wenchuan earthquake in
2008, the torrential rain in Beijing in 2012, the Typhoon Lichma in
2019 and the torrential rain in Henan in 2021 directly caused
economic losses of 845.14 billion yuan, 11.64 billion yuan,
51.53 billion yuan and 114.269 billion yuan respectively. Moreover,
as the largest carbon emitter globally, how to deal with the
transformation risk is a major issue which is widely concerned by
government, companies and the public (Tian et al., 2022a; Liu et al,
20225 Zhai et al,, 2022). Therefore, this study is pioneering, which
enriches research on precautionary cash holdings strategy adopted by
Chinese listed companies to deal with climate risk. And Chinese listed
companies pay close attention to climate risk, which provides an ideal
research background.

Climate risk increases the uncertainty faced by companies (Barnett
et al., 2020) and affects corporate strategies for cash holding. In the
relevant research on influencing factors of corporate cash holdings,
precautionary motivation, agency cost, transaction demand, and tax
cost are all considered possible reasons for companies to maintain a
high level of cash holdings (Bates et al, 2009). Among them,
precautionary motivation is an important reason for companies to
maintain a high level of cash holdings (Duchin, 2010; Mclean, 2011).
This is because holding cash may help companies to better cope with
liquidity risk and prevent operation uncertainty. As an important
corporate operation decision, cash holding is affected by internal and
external comprehensive factors of the company (Opler et al.,, 1999).
Baum et al. (2009) and Pinkowitz et al. (2013) have studied the impact
of macroeconomic fluctuations on corporate cash holdings. Others
studied the impact of characteristics at the company level on cash
holdings, such as company size, financial leverage, investment
opportunities, ownership, and governance factors (Ferreira and
Vilela, 2004; Ozkan and Ozkan, 2004; Kusnadi, 2011). However,
most of the studies mentioned above focus on company the
economic environment-level characteristics and discuss the impact
of economic and internal factors on corporate cash holding strategies.
The research on how climate risk affects corporate cash holdings is still
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insufficient. And this study explores the impact of climate risk on
corporate precautionary cash holdings.

In this study, we investigate whether and how climate risk affects
precautionary cash holdings with the data of Chinese listed companies
during the period 2007-2020. Text mining is used to construct climate
risk perception indexes to represent the climate risk faced by companies.
And we use panel regression model and mediator model to test the
impact of climate risk on precautionary cash holdings. According to the
empirical analysis, the following three conclusions are drawn: 1) Climate
risk has a positive impact on precautionary cash holdings. And the
higher climate risk companies face, the more precautionary cash
holdings companies hold. This conclusion remains valid under a
series of robustness tests. 2) The positive impact of climate risk on
the precautionary cash holdings is stronger for firms with small scale
and those located in central and eastern China. 3) Risk taking and
external financing are two important channels for climate risk to affect
precautionary cash holdings.

This study contributes to the existing literature in at least three
ways: First, the climate risk index constructed in our research provides
a practical method for studying the impact of climate risk on
companies (Huang et al., 2018; Kanagaretnam et al., 2022). The
climate risk measurement index used in most existing literature is
the Global Climate Risk index (CRI) prepared by German. Although
this index can describe the climate risks among different countries, it
lacks climate information in company level, which is difficult to
quantify the relationship between climate risks and companies
(Ren et al,, 2022). Thus, we use text mining technology in the
corporate management discussion and analysis (MD&A) disclosure
to construct the corporate climate risk perception index which
measures the climate risk faced by the companies. By this
measurement, we can estimate the impact of climate risk on
companies more accurately with a larger research sample.
Moreover, our study extends the field of text mining using MD&A
(Choi et al,, 2020; Tian et al., 2022b). Second, this study enriches the
research about the influence channels of climate risk on precautionary
cash holdings (Chen et al., 2020; Xiao et al., 2020). We find that risk
taking and external financing are two important channels for climate
risk to affect precautionary cash holdings. When facing high climate
risk, on the one hand, corporate managers are usually cautious about
investment to reduce risk taking, and thus increase precautionary cash
holdings; On the other hand, as banks reduce the supply of loans, the
scale of corporate external financing decreases, which also result in the
increase of precautionary cash holdings. Third, this study supplements
the important factors affecting corporate cash holding behavior.
Previous studies explain the level of cash holdings based on the
characteristics of economic environment and company level
(Ferreira and Vilela, 2004; Ozkan and Ozkan, 2004; Baum et al,,
2009; Kusnadi, 2011; Pinkowitz et al., 2013). Compared with these
studies, our study also provides additional evidence that climate risk
affects corporate cash holdings. And our findings have important
implications for companies to deal with climate risks with prevention
behaviors.

2 Theory and hypothesis

Climate risk greatly increases the uncertainty faced by companies
(Barnett et al., 2020). Climate risks are divided into physical risks and
transition risks (Financial Stability Board, FSB; Task Force on
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FIGURE 1
The trend of climate risk changes from 2007 to 2020.
TABLE 1 Describes statistics.
Variables (0] Mean P25 P50 P75 Std. Dev Min Max
PreCash 25,889 0.0120 —-0.0325 0.0023 0.0418 0.0977 —-0.2150 0.6794
ClimRisk 25,889 0.0064 0.0008 0.0026 0.0075 0.0100 0.0000 0.0579
Size 25,889 22.0517 21.1226 21.8782 22.7800 1.2543 19.8134 25.8108
Lev 25,889 0.4354 0.2720 0.4312 0.5905 0.2038 0.0563 0.8754
Age 25,889 2.7700 2.5649 2.8332 3.0445 0.3702 1.6094 3.4340
TobinQ 25,889 1.9372 1.2308 1.5761 2.2126 1.1157 0.9022 7.4037
Mshare 25,889 0.4759 0.3145 0.4945 0.6482 0.2296 0.0021 0.9999

Climate-related Financial Disclosure, TCFD). Physical risks refer to
asset loss caused by extreme weather (such as drought, flood and
hurricane) and long-term climate change (such as climate warming
and sea level rise). In the short term, more frequent and severe extreme
weather brings the risk of production facilities damage and value chain
interruption to the companies; In the long term, global and regional
long-term climate change lead to the reduction of output in
agriculture, labor and material (Ebi et al., 2021; Meyer et al., 2022).
Transition risks refer to the risks arising during the society transiting
to a low-carbon and climate adaptive economy, including all risks
caused by policies, laws, technologies, market sentiment, reputation,
etc. For example, more or stricter policies transformation increases the
operating costs of companies (Dunz et al., 2019; Zhang and Cheng,
2022). Facing the uncertainty caused by climate risk, companies
usually take preventive measures (Desing and Widmer, 2021), such
as adjusting companies’ precautionary cash holding strategies.

The attitude and ability of companies to deal with climate risks
are crucial to mitigate uncertainty risks (Todaro et al., 2021). Risk
taking reflects corporate managers’ risk preference and risk control
(Li and Tang, 2010; Wen et al, 2021). Higher risk taking can
stimulate corporate potential and help

companies  gain
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advantages in long-term competition, while lower risk taking can
maintain stable growth of corporate performance. In the case of high
climate risk, corporate managers are more likely to adopt
conservative investment strategies to avoid investment risks. That
is, companies facing high climate risk have low risk taking. Zhou D.
et al. (2022a) found that the temperature rising significantly hinder
corporate risk investment, thus reducing corporate risk-taking level.
And the management’s trade-off between risk and return
determines the cash holdings scale of a company. (Chen et al,
2012; Gao et al,, 2013; Harford et al., 2014). As the value of cash is
not easily affected by market price fluctuations and cash turnover is
fast, cash holding has lower risk than other forms of assets (Lei et al.,
2022). Based on this, cash, as a type of asset with high liquidity and
low risk, is favored by risk averter. Although holding cash does not
typically generate large profits for companies, it is unlikely to result
in significant investment losses (Zhou M. et al., 2022b). Companies
with cautious management and low risk taking would hold more
cash for long-term stable development (Bates et al., 2009; Xu et al,,
2016). Therefore, when faced with high climate risk, companies
will reduce risk taking and thus increase precautionary cash
holdings.
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TABLE 2 Baseline regression results.

Variables PreCash PreCash PreCash PreCash
(1) 2 (€)] 4
ClimRisk 0.1933*** 0.3484** 0.3281%** 0.3463***
(0.0616) (0.0982) (0.0994) (0.0985)
Size —0.0027%** —0.0201%* —0.0236*** ~0.0207**
(0.0007) (0.0020) (0.0021) (0.0021)
Lev 0.0662*** 0.0961* 0.1125%* 0.0982**+
(0.0042) (0.0077) (0.0076) (0.0076)
Age 0.0147* 0.0831* 0.0599*** 0.0842**+
(0.0017) (0.0091) (0.0043) (0.0091)
TobinQ 0.0091* 0.0108*** 0.0090*** 0.0109***
(0.0009) (0.0013) (0.0011) (0.0013)
Mshare 0.0030 0.0139* -0.0016 0.0138**+
(0.0031) (0.0044) (0.0041) (0.0044)
Constant —0.0184 0.2016** 0.3080%** 0.2146***
(0.0146) (0.0444) (0.0373) (0.0458)
Year_FE No Yes No Yes
Industry_FE No No Yes Yes
Observations 25,889 25,889 25,889 25,889
R 0.0243 0.0505 0.0318 0.0511

Note: (1) *, **, *** represent significance at the 10%, 5%, and 1% significance level, respectively; (2) standard deviations are provided in parentheses.

In addition, a company with higher climate risk is faced with the
dilemma of costs rising, revenues falling and profits declining, which
increases the possibility that the company cannot afford debts so that it
threatens the stability and development of financial institutions (Cai
etal, 2019). Considering own interests and social responsibilities, banks
would control the loans scale to companies with high climate risk, which
result in a decline in these companies’ external financing (Huang et al.,
2022). For example, more than 30 major banks around the world
indicate that they will no longer provide financing services for coal
related projects or coal power companies. These companies with
unfavorable financing constraints can only use their own funds for
R&D activities. The decline in external financing causes companies to
face the risk of bankruptcy liquidation due to capital chain rupture, thus
companies need to make positive dynamic adjustments of cash holdings
to deal with this risk (Denis and Sibilkov, 2010). Companies easy to
obtain external financing are more likely to choose external financing
rather than internal cash as a tool for market competition and access to
investment opportunities. On the contrary, for companies that are not
easy to obtain external financing, their cash holdings are more likely to
play a competitive effect in the market (Beck and Demirguc-Kunt,
2006). Thus, in order to maintain liquidity and meet the needs of future
investment, companies with external financing shortage would limit the
current budget and increase cash holdings (Almeida et al., 2004). And
when faced with high climate risk, corporate external financing
decreases, and thus companies increase their precautionary cash
holdings.

Frontiers in Environmental Science

To sum up, companies would take preventive measures when
facing uncertainty caused by climate risk, and adjusting precautionary
cash holdings is the best measure to deal with the uncertainty. On the
one hand, companies with higher climate risks would be more
cautious, thus reducing risk taking. On the other hand, it is more
difficult for companies to obtain bank loans when the climate risk
increases, which means external financing of companies decreases.
And precautionary cash can alleviate the shortage of investment and
financing when companies face uncertain risks. Therefore, climate risk
increases the uncertainty faced by companies, while increasing
precautionary cash holdings can reduce this adverse effect.
Therefore, we propose:

Hypothesis 1. Climate risk has a positive impact on precautionary
cash holdings.

3 Research design
3.1 Variables

3.1.1 Climate risk

Based on the text analysis of MD&A disclosure, this study
constructs a climate risk perception index to measure the climate
risk faced by companies. Following to existing research (Choi et al.,
2020; Tian et al., 2022a), we construct the climate risk index in three
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TABLE 3 The regression results of region heterogeneity.

10.3389/fenvs.2023.1045827

Variables PreCash
Eastern Central WESGE G
(1) 2 (©)
ClimRisk 0.3328** 0.4270** 0.3136
(0.1333) (0.1768) (0.2072)
Size —0.0232*** —0.0165*** —0.0221*%*
(0.0026) (0.0045) (0.0053)
Lev 0.1078*** 0.0965%** 0.0733%%*
(0.0096) (0.0154) (0.0191)
Age 0.0849* 0.0827*** 0.0815%**
(0.0103) (0.0253) (0.0305)
TobinQ 0.0109** 0.0094*** 0.0137**
(0.0016) (0.0027) (0.0039)
Mshare 0.0115%* 0.0205* 0.0145
(0.0053) (0.0105) (0.0114)
Constant 0.2818*** 0.1165 0.2232*
(0.0559) (0.1094) (0.1239)
Year_FE Yes Yes Yes
Industry_FE Yes Yes Yes
Observations 17,756 4,408 3,725
R 0.0580 0.0521 0.0477

Note: (1) *, **, *** represent significance at the 10%, 5%, and 1% significance level, respectively; (2) standard deviations are provided in parentheses.

steps: First, we select the seed word set of climate risk in MD&A
including the causes (such as global warming, air pollution),
reflections (such as storms, soil erosion) and results (such as
environmental governance, energy saving and emission reduction)
of climate risk. Secondly, using the deep learning technology provided
by the Wingo financial text data platform', we select an expanded
word set which has a similarity of 0.5 or more with the seed word set,
and remove duplicate words. To remain objectivity, we invite three
experts in academics and industry to triangulate the expanded word
set, and finally determine the climate risk seed word set containing
271 seed words. Finally, we make word frequency statistics on the
climate risk seed word set in each MD&A document and calculate the
ratio of climate risk seed word’s frequency to MD&A’s total word
frequency, then the climate risk perception index of the company is
obtained. The larger the climate risk perception value of a company is,
the higher climate risk the company faces.

3.1.2 Precautionary cash holdings
Following Almeida et al. (2004), Sun and Wang (2015) and Su

et al. (2020), the precautionary cash holdings (PreCash;,) are
measured by the ratio of the added value of cash and cash

1 http://www.wingodata.com.
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equivalents to the total assets minus the ending balance of cash
and cash equivalents:

ACash and Cash Equivalents;
Total Assets; — Cash and Cash Equivalents;

PreCash;; = (1)

3.1.3 Mediation variables
3.1.3.1 Risk taking

We quantify risk taking from the perspective of earnings volatility
(VOL). Following John et al. (2008), corporate profitability is
measured by the return on assets. Considering that the term of
office of senior managers of listed companies in China is generally
three years, we use the standard deviation of return on assets of a
company within three years to measure its earnings volatility. The
larger a company’s standard deviation of the return on assets is, the
greater its earnings volatility is, and the higher risk taking the company
faces.

3.1.3.2 External financing

Stock and bond markets are immature in China, and bank
loans is the main source of external financing for companies.
Thus, most Chinese companies rely on banks, and most of their
loans are supported by bank loans (Firth et al., 2012; Liu et al,,
2018). Following Su et al.,, (2020), we measure external financing
(BLR) with the ratio of short-term loans plus long-term loans due
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TABLE 4 The regression results of scale heterogeneity.

Variables

10.3389/fenvs.2023.1045827

PreCash

ClimRisk 0.0025 0.7140%**
(0.0980) (0.2189)
Size —0.0370*** —0.0182***
(0.0036) (0.0050)
Lev 0.0685** 0.1430%**
(0.0103) (0.0132)
Age 0.0288** 0.1010***
(0.0130) (0.0186)
TobinQ 0.0109*** 0.0103***
(0.0022) (0.0019)
Mshare 0.0085 0.0143*
(0.0056) (0.0075)
Constant 0.7102%* 0.1115
(0.0834) (0.1015)
Year_FE Yes Yes
Industry_FE Yes Yes
Observations 12,913 12,976
R 0.0480 0.0630

Note: (1) *, **, *** represent significance at the 10%, 5%, and 1% significance level, respectively; (2) standard deviations are provided in parentheses.

in one year to total assets. The larger this value is, the larger the
company’s external financing scale is.

3.1.4 Control variables

Based on existing researches about precautionary cash holdings (Su
etal, 2020; Xiong et al,, 2021; Zhang and Cheng, 2022), we select total assets
(Size), debt-to-asset ratio (Lev), company age (Age), Tobin’s Q (TobinQ),
managements shareholdings ratio (Mshare) as the control variables. The
definitions of variables used in this study are provided in Appendix.

3.2 Data and descriptive statistics

3.2.1 Data sources

Since 2007, China’s accounting standards have acted on international
convention, and new “The Corporate Accounting Standards” has been
implemented. To avoid the impact of differences in accounting standards
before and after, we construct sample based on Chinese listed companies
from 2007 to 2020. And we remove observations from initial samples as
follows: 1) financial service and insurance industry, 2) firms with less than
2 years’ available data, and 3) special treatment (ST) and *ST companies.
The information of corporate management discussion and analysis
(MD&A) is collected from Cninfo website, and other data are acquired
from the China Stock Market and Accounting Research (CSMAR)
database. To avoid the influence of outliers, all continuous variables are

Frontiers in Environmental Science

winsorized at the upper and lower 1% levels. Finally, we obtain
25,889 firm-year observations from 3,377 Chinese listed companies.

3.2.2 Descriptive statistics
3.2.2.1 Description of climate risk change trend

Figure 1 shows the change trend of average climate risk faced by
companies from 2007 to 2020. The overall trend of climate risk faced
by companies is on the rise, that is, companies’ climate risk is
increasingly high. In addition, the climate risk index constructed in
this study is significantly related to China’s climate risk score in the
global Climate Risk Index (CRI) prepared by Germany at the 1% level,
which indicates the reliability of our climate risk index.”

3.2.2.2 Descriptive statistics

Table 1 provides a brief summary of descriptive statistics for main
variables. Precautionary cash holdings (PreCash) have a mean of
0.0120, a standard deviation of 0.0977, a minimum of —0.2150 and
a maximum of 0.6794. And climate risk (ClimRisk) has a mean of
0.0064, a standard deviation of 0.0100, a minimum of 0 and a
maximum of 0.0579. It indicates that the key indicators fluctuate
greatly within our study setting.

2 Details of this result can be obtained from the author.
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TABLE 5 The mediating effect of risk taking and external financing.

10.3389/fenvs.2023.1045827

Variables PreCash PreCash
@) 4
ClimRisk —0.1697*** 0.3258** —0.3612*** 0.3322%%*
(0.0428) (0.0983) (0.1040) (0.1013)
VOL —0.1531***
(0.0209)
BLR —0.0268**
(0.0108)
Size —0.0086*** —0.0220*** —-0.0033 —0.0205***
(0.0011) (0.0021) (0.0023) (0.0021)
Lev 0.0320* 0.1038*** 0.2659*** 0.1056***
(0.0046) (0.0077) (0.0085) (0.0091)
Age 0.0036 0.0845%** 0.0163 0.0831***
(0.0058) (0.0092) (0.0118) (0.0094)
TobinQ 0.0017** 0.0111* —0.0041*** 0.0108***
(0.0005) (0.0013) (0.0010) (0.0014)
Mshare —0.0169*** 0.0114%* —-0.0057 0.0127%%*
(0.0020) (0.0044) (0.0040) (0.0044)
Constant 0.1749* 0.24140* 0.0645 0.2165%**
(0.0285) (0.0460) (0.0586) (0.0474)
Year_FE Yes Yes Yes Yes
Industry_FE Yes Yes Yes Yes
Observations 25,851 25,851 24,038 24,038
R 0.0566 0.0539 0.1941 0.0531

Note: (1) *, **, *** represent significance at the 10%, 5%, and 1% significance level, respectively; (2) standard deviations are provided in parentheses.

3.3 Model

3.3.1 Baseline model
This study examines the relationship between climate risk and
precautionary cash holdings by the following panel regression model:

PreCash;, = a + a;ClimRisk;, + Zk BiZis + Year FE + Industr yFE + ¢,
(2)

where PreCash; , represents the precautionary cash holdings of company i
in year t; ClimRisk;, represents the climate risk faced by company i in year
t. Z;; represents control variables, which includes total assets (Size), debt-
to-asset ratio (Lev), company age (Age), Tobin’s Q (TobinQ),
managements shareholdings ratio (Mshare). Year and industry fixed
effects are controlled. And ¢;; is the random error term.

3.3.2 Mediator model
Following Edwards and Lambert (2007), we examine the mediating
effect of risk taking and external financing by the following models:

M, = py + u,ClimRisk;, + Zk wiZ;y + Year FE + Industr yFE + ¢;; (3)
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PreCash; = ¢, + ¢,ClimRisk; + ¢,M;; + Zk YeZis + Year FE
+ Industr yFE + &, (4)

where M;, represents intermediate variable, which includes risk taking
(VOL) and external financing (BLR). The definitions of other variables
are identical to those of the Eq. 2.

4 Results
4.1 Baseline regression results

Table 2 shows the baseline regression results. Column (1) is the
mixture regression result. Column (2) and column (3) show the results
of regression with year fixed effect and that with industry fixed effect
respectively. And column (4) shows the regression results with both year
fixed effect and industry fixed effect. These results all show that the
coefficient of ClimRisk is positive and significant at the 1% level, which is
consistent with Hypothesis 1, meaning that a company would increase
its precautionary cash holdings when the climate risk increases.
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TABLE 6 Robustness tests.

Variables PreCash1 PreCash PreCash PreCash PreCash PreCash
M () €) 4) ©) (©)
ClimRisk 0.2954* 0.5291* 0.3159*** 0.3058*** 0.3099*** 0.3099***
(0.0863) (0.1657) (0.1075) (0.1019) (0.1023) (0.0979)
Size —0.0236*** —0.0206*** —0.0223*** —0.0209*** —0.0212*** —0.0190***
(0.0019) (0.0021) (0.0022) (0.0021) (0.0022) (0.0021)
Lev 0.1111%% 0.0980%** 0.1053*** 0.1051%%* 0.1032%%* 0.1032%*
(0.0068) (0.0076) (0.0083) (0.0079) (0.0078) (0.0076)
Age 0.0906*** 0.0842%** 0.0847*** 0.0812%** 0.0825%** 0.0743*
(0.0086) (0.0091) (0.0098) (0.0093) (0.0093) (0.0088)
TobinQ 0.0132%* 0.0109*** 0.0111%%* 0.0114** 0.0115%%* 0.0114%*
(0.0012) (0.0013) (0.0014) (0.0014) (0.0013) (0.0013)
Mshare 0.0062 0.0138%** 0.0141%%* 0.0148%* 0.0136%** 0.0297**
(0.0039) (0.0044) (0.0046) (0.0045) (0.0045) (0.0036)
CGE 0.0063
(0.0041)
GDP —-0.0005
(0.0006)
Constant 0.2505%** 0.2133* 0.1524** 0.2281** 0.2417*%* 0.1943*
(0.0420) (0.0457) (0.0737) (0.0470) (0.0511) (0.0476)
Year_FE Yes Yes Yes Yes Yes Yes
Industry_FE Yes Yes Yes Yes Yes Yes
City_FE No No No No No Yes
Observations 25,889 25,889 22,935 24,287 24,551 25,781
R’ 0.0737 0.0510 0.0533 0.0535 0.0589 0.0612

Note: (1) *, **, *** represent significance at the 10%, 5%, and 1% significance level, respectively; (2) standard deviations are provided in parentheses.

4.2 Heterogeneity analysis

4.2.1 Region heterogeneity

The climate risk faced by a company depends on the region where
the company is located (Ginglinger and Moreau, 2019). Compared with
the western region, the eastern and central regions of China face higher
cost of environmental governance and more serious climate impacts.
And the eastern and central regions of China have a higher degree of
marketization and a better market system (Ren et al., 2022). Companies
located in the eastern and central regions are more sensitive to climate
change when they change their business and investment, and these
companies enable adapt to the changing climate risks with various
strategies. Thus, in order to catch the moderating effect of climate risk
and precautionary cash holdings in the region where the company is
located, we test the region heterogeneity of the impact of climate risk on
precautionary cash holdings. Specifically, we conduct sub sample
regression on the companies located in the eastern, central and
western regions of China.

The regression results are shown in Table 3. Column (1) to column
(3) respectively report the regression results of the climate risk of
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companies in eastern, central and western China on their
precautionary cash holdings. Climate risk has a significant and
positive impact on precautionary cash holdings for companies
located in eastern and central China, while it is not significant for

companies in western China.

4.2.2 Scale heterogeneity

Corporate size is another important company-level
consideration that affects precautionary cash holdings (Nguyen
et al., 2016). Corporate scale reflects the overall capability and
performance of the company. Due to China’s special institutional
background, large-scale companies hold most bank credit, while
limited credit funds from state-owned financial institutions is
available for small-scale companies. Compared with large-scale
companies, small-scale companies obtain external funds with
stricter financing conditions and higher financing costs
(Rostamkalaei and Freel, 2016). The uncertainty brought by
climate risk further increases the difficulty for small-scale
companies to achieve their financing goals. In order to

effectively mitigate the possible adverse effects of climate risks
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TABLE 7 Instrumental variable analysis.

Variables ClimRisk PreCash

1st stage

2nd stage

(1) ()]

Mean ClimRisk 0.9155%%%
(0.0768)
ClimRisk 1.3407**
(0.6432)
Size 0.0006*** —-0.0002
(0.0001) (0.0007)
Lev 0.0023*** 0.0461***
(0.0003) (0.0042)
Age —0.0008*** 0.0103***
(0.0002) (0.0021)
TobinQ —0.0006*** 0.0101***
(0.0001) (0.0010)
Mshare 0.0006*** 0.0111+%*
(0.0003) (0.0032)
Constant —0.0117*** -0.0337**
(0.0014) (0.0159)
Year_FE Yes Yes
Industry_FE Yes Yes
Observations 25,880 25,880
R 0.1192 0.0251

Note: (1) *, **, *** represent significance at the 10%, 5%, and 1% significance level, respectively; (2) Standard deviations are provided in parentheses.

and take potential market opportunities, small-scale companies
would make decisions quickly to change conventional practices
(Crick et al., 2018). Thus, we analyze scale heterogeneity to identify
the moderating effect of corporate scale on climate risk and
precautionary cash holdings. If the total assets of a company are
above the median of the total assets of all companies, we regard this
company as a large-scale company; otherwise, a small-scale
company.

The regression results are shown in Table 4. Column (1) and
column (2) in Table 4 respectively show the regression results of
climate risk of large-scale companies and small-scale companies on
precautionary cash holdings, suggesting climate risk has a
significant and positive impact on precautionary cash holdings
in small-scale companies. However, no significant impact is
observed in large-scale companies.

4.3 Channel analysis

In this section, we examine the mediating effect of risk taking
(VOL) and external financing (BLR) in the impact of climate risk
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on precautionary cash holdings. First, we examine whether the
increase of companies’ climate risk leads to the reduction of their
risk taking level and external financing. Second, we examine the
impact of risk taking and external financing on precautionary cash
holdings. Table 5 shows the results of the above analysis.

Columns (1) and (3) in Table 5 report the results about the
impact of climate risk on risk taking and external financing
respectively, suggesting that climate risk has a negative and
significant impact on risk taking and external financing. It
indicates that companies’ risk taking and external financing
decrease with the increase of climate risk. Columns (2) and (4)
respectively report the results about the impacts of risk taking and
external financing on precautionary cash holdings, suggesting that
risk taking and external financing both have a significantly negative
impact on precautionary cash holdings. It indicates that the lower
the risk taking is or the less the external financing is, the higher
precautionary cash holdings a company has. Therefore, the climate
risk faced by companies affects precautionary cash holdings
through risk taking and external financing, that is, risk taking
and external financing make a mediating effect between climate
risk and precautionary cash holdings.
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5 Robustness tests

In this section, we conduct a battery of robustness checks. First,
we re-estimate the baseline regression with another measure of
precautionary cash holdings. Following the existing literature (Lin
etal.,, 2021; Hasan et al., 2022; Seo and Han, 2022), we use the ratio
of the increase in cash and cash equivalents to the total assets
to measure the company’s precautionary cash holdings. The results
are shown in column (1) of Table 6, which support our key
findings that the impact of climate risk on precautionary cash
holdings is significantly positive. Second, following Tian et al.
(2022b), we select an expanded word set which has a similarity
of 0.6 or more with the seed word set to construct climate
risk indicators and then re-estimate the baseline regression. The
results are shown in column (2) of Table 6, suggesting that
the coefficient of ClimRisk is still positive and significant. Third,
possible
macroeconomic factors on our research. Thus, we follow Su
et al, (2020) to test the robustness of the baseline results by
controlling local fiscal expenditure (CEG), per capita GDP
(GDP) and urban fixed effects respectively. The results of

we  consider  eliminating  the impact  of

these tests are given in columns (3) to (5), which shows that
climate risk still has a significantly positive impact on
precautionary cash holdings. Last, considering that sample
period includes the global financial crisis period (GFC)
(2008-2009), we follow Nguyen and Phan (2020) to exclude the
GFC years from the sample period, which mitigates the impact of
the financial crisis on the research results. Column (6) of Table 6
shows this result. And the oefficient of ClimRisk is still significantly
positive at the level of 1%, suggesting our findings are robust and
reliable’.

The baseline results of this study indicate that companies faced
by high climate risk would increase precautionary cash holdings.
And companies with high precautionary cash holdings are more
likely to invest green projects, which affects their climate risk
perception. Thus, the above studies may have endogenous
problems. To solve these possible endogenous problems, we
introduce instrumental variable. Inspired by Wintoki et al.
(2012), we use the mean of all companies’ climate risk in the
same industry over the years (Mean ClimRisk) as an instrumental
variable for two-stage regression. The results of the two-stage
regression are shown in Table 7. In the first stage of regression,
we use the mean of climate risk in the industry where the
company is in over the years and all control variables to explain
the long-term level of climate risk. Column (1) is the result of the
first stage. The coefficient of Mean ClimRisk is positive and
significant and the F value is 119.28 which is far greater than
10, suggesting that there is a significant positive correlation
between the mean of climate risk in the industry where the
company is in over the years and the climate risk faced by the
company. In the second stage of regression, we analyze the
regression relationship between the precautionary cash holdings
and the fitting value of climate risk in the first stage, and control

3 We also tested the robustness not only with using the explanatory variable
lagged for one period, but also using one-period lagged explanatory variable
and one-period lagged control variables. The results did not change and can
be obtained from the author.
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variables are added. Column (2) of Table 7 shows the result that the
coefficient of ClimRisk is still positive and significant. This test
alleviates the endogenous problem to a certain extent. Moreover,
the results of two-stage regression also support our baseline results,
that is, climate risk has a significantly positive impact on
precautionary cash holdings.

6 Conclusion

This study takes China’s listed companies from 2007 to 2020 as
the research setting and uses text mining technology to measure
corporate climate risk perception which represents the level of
climate risk faced by companies. We then use panel regression
model and mediator model to respectively test the impact and
impact channels of climate risk on corporate precautionary cash
holdings. The results indicate that there is a significant and positive
relationship between climate risk and corporate precautionary cash
holdings. That is, the higher climate risk a company faces, the more
precautionary cash holdings the company holds. We further
explore the heterogeneous effects of region and scale. In terms
of region heterogeneity, climate risk has a significantly positive
impact on precautionary cash holdings of companies in eastern and
central China, but no significant impact is observed in companies
in Western China. In terms of scale heterogeneity, climate risk has
a significantly positive impact on precautionary cash holdings of
large-size companies, while has no significant impact on that of
small-size companies. In addition, risk taking and external
financing have mediating effects between climate risk and
precautionary cash holdings. In other words, the climate risk
affects
holdings through affecting companies’ risk taking and external

faced by companies corporate precautionary cash
financing.

Based on the research conclusions, we make the following three
suggestions for companies to cope with climate risks. First, while
sensing climate risks, the company should develop reasonable
preventive strategies and adjust precautionary cash holdings in
time to meet the need of sustainable development. Second, in the
case of high climate risk, changing environmental policies will
increase companies’ investment risk. Companies need sharp risk
awareness and control force to weight between risk and return. And
companies should reasonably estimate its risk-taking level and
select projects with low risk and stable income. Third, climate
risk intensifies the information asymmetry in the capital market,
which leads to the decrease of corporate external financing. On the
one hand, banks should carefully identify corporate risk
information and conduct credit risk assessment on specific
projects, so as to avoid relying on industry attributes to make
credit decisions which cause financial difficulties for company
transformation. On the other hand, companies should enhance
comprehensive strength to meet the investment requirements of
financial institutions and investors.
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Appendix

TABLE A1 Variable definitions.

Variables Definitions

CASH The ratio of the added value of cash and cash equivalents to the total assets minus the ending balance of cash and cash equivalents

ClimRisk The ratio of the word frequency about climate risk perception in management discussion and analysis (MD&A) to the total word frequency
of MD&A

SIZE Logarithm of total assets

LEV Book value of total liabilities divided by book value of total assets

TobinQ Net profit divided by the average balance of shareholders” equity

AGE Logarithm of listing age

Mshare The ratio of shares held by managements in total shares
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