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Climate Change and Inconsistency in ESG

Abstract: Despite evidence that ESG participation boosts financial performance;
conflicting stakeholder interests that prevent full corporate engagement in ESG
activities. We aim to better explain this paradox by examining the differing impacts of
exogenous climate change shocks on ESG dimensions and financial performance. Our
findings reveal that water scarcity generally improves overall ESG scores; particularly
by boosting environmental and governance performance, while negatively affecting
social performance. Conversely, high temperature shocks. show mixed effects,
sometimes enhancing and other times diminishing varieus .ESG .components,
underscoring the complexity of corporate responses. to climate stress. We identify two
mechanisms behind these inconsistencies: limited resources compel firms to prioritize
certain ESG aspects, leading to trade-offs; heightened risk perceptions encourage firms
to adopt precautionary financial measures, which may constrain ESG investments.

Keywords: ESG paradox; Corporate performance; High temperature; Water scarcity;

Stakeholder conflicts

1 Introduction

In recent decades, corporate ‘engagement in Environmental, Social, and
Governance (ESG)uinitiatives, also known as Corporate Social Responsibility (CSR)
activities, has.shifted from a peripheral concern to a core component of business
strategy. (Khan et-al., 2016; Porter & Kramer, 2011). Existing literature strongly
indicates that corporate participation in ESG/CSR not only fulfills societal expectations
but also improves corporate financial performance (CFP) (Eccles et al., 2014; Friede et
al., 2015). A comprehensive meta-analysis by Friede et al. (2015) reinforces this point,
showing that around 90 percent of studies find a non-negative relationship between
ESG-activities and financial performance, with a significant majority of these studies,
encompassing over 2,000 empirical papers, reporting positive outcomes.

Despite this robust evidence supporting the financial benefits of ESG engagement,



a paradox persists: many firms do not fully integrate ESG into their core strategies or
engage meaningfully in these activities (Amel-Zadeh & Serafeim, 2018; Eccles &
Klimenko, 2019). Data from 2007 to 2022 shows that while the number of independent
ESG/Social Responsibility reports issued by A-share listed companies in China has
generally increased, the proportion remains relatively low, hovering between 20% and
25% (IIGF, 2023). This observation raises a critical question: if ESG practices are
indeed associated with improved financial performance, why do numerous firms
remain reluctant to adopt them comprehensively? This apparent disconnect, often
referred to as the "ESG paradox," forms the crux of this. research (Grewatsch &
Kleindienst, 2017). The aim of this study is to investigate whether conflicts exist among
various stakeholders and how these conflicts manifest. This‘is accomplished by
transforming the conflicts among different stakeholders into‘inconsistency among the
elements of ESG and financial performance:.The study holds significant policy
implications, as the existence of such conflicts could influence the extent and
effectiveness of corporate ESG engagement.

Identifying an exogenous. shock that impacts corporate ESG engagement while
resulting in both gains and losses for different stakeholders is a challenge. To tackle this,
we use a stylized fact that'climate ‘change acts as an exogenous shock to economic
activity, providing <@ quasi-experimental framework (Hsiang, 2016; Carleton and
Hsiang, 2016). This approachallows us to estimate the varied effects on stakeholders
and gain -a~deeper understanding of the challenges in aligning their interests with
corporate ESG strategies. Our study aims to analyses how companies can better manage
stakeholder conflicts and integrate ESG considerations into their strategic goals.

In this paper, we use a unique dataset that combines detailed ESG ratings from the
HuaZheng system with high-resolution climate data from TerraClimate, focusing on A-
share listed companies in China from 2009 to 2023. By aligning firms' geographic
coordinates with gridded climate data, we accurately measure climate shocks, such as
high temperature and water scarcity events. These shocks are identified using
standardized anomalies, showing deviations from long-term regional averages. Our

empirical approach applies a two-way fixed effect model, along with industry and
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provincial fixed effects, to estimate the impact of climate variability on ESG
performance and financial outcomes. This method allows us to understand how climate
change affects ESG factors and financial results, shedding light on how companies
manage stakeholder conflicts and resource constraints under environmental stress.

Our baseline analysis demonstrates that climate shocks, particularly high
temperature and water scarcity, significantly affect various dimensions of ESG
performance. Using a robust fixed effect model, our findings show that water scarcity
generally enhances overall ESG scores, with positive effects observed in environmental
and governance aspects but a negative impact on social scores. High temperature shocks
produce inconsistent effects across ESG components, underscoring the complexity of
balancing different ESG priorities. Further analysis indicates that these climate shocks
also have direct financial implications: high temperature shocks are linked to small but
significant increases in financial metrics_like. ROA, ROE; and ROIC, whereas water
scarcity has a negative effect on profitability measures,.including ROE and ROS. To
ensure the robustness of these findings, we employed alternative ESG indicators and
adjusted the measurement of'.climate shocks. These robustness checks confirm the
stability of our results, .demonstrating that. climate shocks consistently influence
corporate ESG and financial performance, regardless of the data source or shock
measurement method used.

We identify two main‘mechanisms that explain the inconsistencies between ESG
performance-and financial outcomes under climate shocks. First, when faced with
limited resources, companies are often forced to make strategic trade-offs to deal with
environmental-stress.. This can lead them to prioritize certain ESG areas or financial
stability over/others. For instance, during periods of water scarcity, a firm might focus
on improving its environmental and governance scores while neglecting social
initiatives. Second, increased risk awareness due to climate variability drives
companies to adopt cautious financial strategies, like boosting cash reserves and fine-
tuning inventory management. Although these measures help manage risk, they can
also limit resources available for ESG initiatives. This creates a paradox where actions

aimed at protecting financial health may unintentionally undermine broader
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sustainability goals.

Our analysis contributes to existing literature in three major aspects. Firstly, we
reveal the conflicting relationships within ESG components. While ESG is often treated
as a unified "umbrella term" (Edmans, 2023; Li et al., 2024; Liang et al., 2024), this
can obscure the conflicting interests among stakeholders. Existing literature has
recognized that what benefits shareholders may not necessarily benefit employees ‘or
the local community, who might prioritize sustainability or equity ‘over short<term
profits (Hart & Zingales, 2017; Matten & Moon, 2020). However, these studies often
limit their analysis to conflicts within a single dimension, lacking a comptehensive
examination of the complex trade-offs between the various components of ESG and
financial performance. Our study is closest to Nie et al. (2023), which uses an
Environmental Inspection Campaign as a quasi-natural experiment. However, such
campaigns often suffer from significant self-selection bias:

In contrast, our study leverages the spatial and-temporal variations in the gradually
shifting local climate, providing a ‘more robust and exogenous source of variation.
Furthermore, we extend Nie et al.’s three-dimensional framework by examining the
inconsistencies among environmental (E),Social (S), governance (G) factors, and CFP.
This more detailed approach sheds light 'on the complex conflicts of interest among
stakeholders. Our study challenges the idea that higher ESG scores automatically lead
to benefits for all stakeholders: This nuanced perspective on the "ESG paradox" (Eccles
et al., 2014).adds to the ongoing discussion about how firms can better balance these
competing demands (Flammer, 2015).

Secondly;this:study adds to the growing literature on the effects of climate change
on corporate performance, focusing specifically on the nuanced impacts on ESG factors
and financial outcomes. Previous research has shown that climate risks, such as extreme
weathet events, can disrupt corporate operations by reducing productivity, hindering
business continuity, and lowering profitability (Zhang et al., 2018; Chen and Yang, 2019;
Addoum et al., 2020). Climate change also influences corporate ESG practices by
shaping environmental strategies, social responsibilities, and governance structures.

While earlier studies have examined the aggregate effect of climate risks on overall
5



ESG performance (Li et al., 2024; Liang et al., 2024), few have explored how individual
ESG components are differently impacted.

Our study contributes to this discussion by identifying two main mechanisms
climate risks can lead to inconsistencies between ESG and financial performance. First,
firms often face resource limitations when dealing with climate change, which forces
them to make strategic choices. This can result in prioritizing environmental initiatives
at the expense of social or governance efforts, leading to conflicting outcomes. within
different ESG areas. Second, heightened risk awareness due to climate change can alter
corporate behavior. Companies may adopt financial strategies like increasing cash
reserves or adjusting inventory turnover to guard against potential. shocks, which can
unintentionally clash with their ESG commitments: By exploring these mechanisms,
our study provides a more detailed understanding of how climate risks shape corporate
strategies, going beyond general ESG metries to’ explore the.underlying factors that
cause discrepancies between ESG objectives and financial performance.

Thirdly, our findings shed light on how different climate risks, especially
temperature and water supply, affect firm performance in varying ways. While previous
research has broadly documented the ‘impacts of these climate factors on corporate
outcomes, few studies have delved.into~how firms respond differently to specific
climate risks (Liu et al., 2024; Almaghrabi, 2023; Huang et al., 2023). For example,
rising temperatures can disruptoperations and supply chains, particularly in coastal
areas, leading to lower financial returns (Liu et al., 2024). Likewise, changes in water
supply .can significantly reduce productivity in industries that rely on stable water
resources, likeagriculture and manufacturing, resulting in higher operational costs
(Huang et al.;2023).

Qursstudy fills this gap by examining how firm performance varies with exposure
to temperature changes versus fluctuations in water supply. We find that companies
adopt different adaptive behaviors and resilience strategies depending on the type of
climate risk they face. This provides a more nuanced understanding of how specific
climate variables interact with corporate performance, adding depth to the existing

literature.



The remainder of the paper is organized as follows. Section 2 reviews relevant
literature and conceptual framework. Section 3 discusses data and measurement
methods. Section 4 outlines the empirical strategy. Section 5 presents the effects of
climate change on ESG inconsistencies. Section 6 explores mechanisms behind these

effects. Section 7 concludes.
2 Literature review and conceptual framework

2.1 Climate change and inconsistency in ESG

The impact of climate change on corporate Environmental, ‘Social, /and
Governance (ESG) performance has received growing attention, especially regarding
the varied effects on different ESG dimensions. Envirenmental factors,-such as high
temperatures and water scarcity, significantly influence corporate” environmental
initiatives. Companies facing these conditions~are ‘more. likely to invest in
environmental management practices, such as reducing greenhouse gas emissions,
improving energy efficiency, and optimizing water use, to mitigate their environmental
footprint (Linnenluecke & Griftiths, 2010).

However, the social dimension of“ESG’ often responds differently to climate
pressures. While firms may:prioritize enyironmental investments, social initiatives like
employee welfare, community engagement, and social donations may receive less focus
when resources .are. limited (Flammer, 2015). This trade-off occurs because
environmental initiatives can directly address climate risks and generate cost savings,
whereas the benefits of social initiatives are less immediate (Bansal et al., 2015). Such
prioritization can/ead to‘inconsistencies in a company’s overall ESG performance.

Governance practices are also affected by climate change, though the impact is
more complex. Effective governance can enhance risk management and support
stronger ESG performance (Eccles et al., 2014). However, governance structures may
alsoprioritize immediate financial performance and shareholder returns during climate
stress, potentially sidelining long-term sustainability goals (Grewatsch & Kleindienst,
2017). This variability in governance responses can contribute to inconsistent ESG

outcomes.



Financial performance, closely linked to ESG strategies, also varies under climate
pressures. Climate-induced resource constraints can differently affect profitability,
depending on a firm’s adaptive capacity and strategic priorities (Porter & Kramer, 2006).
Firms investing heavily in adaptive measures may face short-term profitability
reductions due to increased costs (Orlitzky et al., 2003). In contrast, companies
successfully integrating climate resilience into their operations may see enhanced long-
term financial performance through reduced vulnerability and improved efficiency
(Clark et al., 2015).

Overall, climate change does not affect all ESG and financial performance aspects
in the same way. The impact depends on the specific climate risks-each firm faces and
how they respond strategically. This variability forces companies‘to balance their ESG
commitments, often leading to uneven outcomes across ESG categories and financial
performance (Bergman et al., 2019).

2.2 Climate change and limited resources

The differential impact of climate change on .corporate ESG and financial
performance can be explained through the lens of resource constraints and prioritization
decisions. According to resource-based theory; firms operate with limited resources that
must be allocated strategically to optimize their overall objectives (Barney, 1991;
Peteraf, 1993). When faced with ¢limate change shocks, companies must decide how
to allocate these finite resources across various competing needs, such as environmental
management, social contributions, and financial operations (Hart, 1995; Russo & Fouts,
1997): Theseallocation decisions are influenced by stakeholder pressures and perceived
returns on investments in different areas (Porter & Kramer, 2011; Eccles et al., 2014).

For instance,a firm might choose to invest heavily in environmental initiatives to
mitigate the impacts of high temperatures or water scarcity, which could limit the
resources - available for other critical areas like research and development or
administrative functions. The opportunity cost of focusing on environmental
performance may lead to underinvestment in other areas, potentially affecting social
performance and financial outcomes differently (Hart & Dowell, 2011). This trade-off

highlights that improvements in one dimension of ESG performance might come at the
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expense of another, demonstrating the complex balancing act companies face in
response to climate change (King & Lenox, 2002; Orlitzky et al., 2003).

Furthermore, stakeholder theory suggests that firms' resource allocation decisions
are often influenced by the diverse demands of different stakeholder groups (Donaldson
& Preston, 1995; Freeman, 2010). Shareholders may prioritize financial returns, while
regulators, customers, and the public might push for enhanced environmental
performance. The need to balance these sometimes-conflicting demands can lead firms
to prioritize certain aspects of ESG performance over others,.depending on which
stakeholder group wields more influence or poses greater risks.(Mitchell etal., 1997;
Agle etal., 1999). This prioritization can result in inconsistencies inchow climate shocks
impact various aspects of a firm's ESG performance-and financial health, reflecting the
strategic navigation of limited resources in response to external pressures (Delmas &
Toffel, 2008; Eccles et al., 2012).

This theoretical perspective explains why firms might respond differently across
ESG and financial dimensions when-faced with climate change shocks, emphasizing
the need to understand internal resource allocation and the impact of stakeholder
pressures (loannou & Serafeim, 2012; Flammer, 2013).

2.3 Climate change and rising risk

The link between climate change and heightened risk perceptions among corporate
managers is increasingly recognized as crucial in shaping strategic business decisions.
As climate-change intensifies<the frequency and severity of extreme weather events,
managers are prompted to reassess their risk management frameworks to ensure
organizational-resilience (Bansal et al., 2015; Flammer, 2021). This heightened risk
perception often leads to precautionary behaviors, such as increasing cash reserves to
mitigate potential financial disruptions from unforeseen climate shocks (Bates et al.,
2009; Graham et al., 2015). Holding more cash provides firms with the liquidity needed
to handle unexpected costs or operational interruptions, thereby maintaining financial
stability in uncertain environmental conditions (Palazzo, 2012; Harford et al., 2008).

Besides holding more cash, companies may adjust their inventory management to

mitigate climate-related risks. Firms facing high-temperature risks or water scarcity
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might increase inventory turnover rates, reducing the days goods remain in inventory
and overall inventory levels. This approach minimizes capital tied up in stock,
enhancing cash flow and providing flexibility to respond to sudden climate-related
supply chain disruptions (Ellinger et al., 2011; Gaur, Fisher, & Raman, 2005).
Optimizing inventory management ensures firms do not overcommit resources to stock
that may not sell during climate-induced market disruptions (Sheffi, 2015;Sodhi, 2020).

These risk management strategies vary across different types of climate risks.High
temperatures may drive firms to invest in cooling technologies or.infrastructure, while
water scarcity might lead to investments in water-efficient. processes or alternative
water sources (Linnenluecke & Griffiths, 2010; Zilberman.et al.,<2002): The specific
climate threat informs the managerial response, underscoring the need for tailored
strategies that address unique environmental challenges (Dess & Beard, 1984).

These findings reveal the complex_relationships between climate change, risk
perception, and corporate behavior. As managers become more aware of climate risks,
they are likely to adjust their strategies to boost resilience, focusing on managing cash
flow and improving inventory. efficiency. Such adaptive measures show a proactive
stance on risk management and illustrate the tange of corporate responses to different
climate challenges (Luo & Bhattacharya, 2009; Pinkse & Kolk, 2012). Understanding
these patterns is crucial for crafting corporate policies that address the changing
landscape of climate risk.

2.4 Conceptual framework

In summary, this chapter examined how climate change can cause inconsistencies
in ESG performance by analyzing the effects of high temperatures and water scarcity
on different ESG aspects and financial outcomes. The analysis identified two main
mechanisms: limited resources restrict firms from evenly distributing investments
across ESG and financial areas, while increased risk perceptions lead to changes in
corporate strategies, affecting cash management and inventory turnover. These findings
form the basis of our theoretical framework, shown in the conceptual diagram (Figure
1), which outlines the relationships between climate change, resource allocation, risk

perception, and ESG performance.
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Figure 1. Conceptual framework

3 Data

3.1 Data and sample

Chinese listed companies provide-an ideal sample. for studying the ESG paradox
because, as a developing country, China faces unique challenges balancing rapid
economic growth with sustainability, and itslisted companies currently have a low rate
of ESG disclosure amidst increasing regulatory and societal pressures.

Based on the A-share listed companies from the Shanghai and Shenzhen stock
exchanges in China this study uses data from the China Stock Market and Accounting
Research Database (CSMAR) and Wind Database. Since ESG data has been recorded
starting from 2009, the research period selected for this study spans from 2009 to 2023.
To avoid the influence of outlier samples, the raw data has been processed as follows,
drawing on methods from existing research (Fang et al., 2023): (1) Due to the unique
nature of the. financial industry's asset-liability structure and regulatory policies, we
excluded data from the financial industry; (2) We removed companies with statuses
such ‘as "ST", "*ST", "suspended listing", "terminated listing", and "delisting
consolidation period"; (3) We excluded samples with significant missing values in key
variables; (4) We also excluded samples that clearly did not comply with accounting

standards. Our final sample comprises of 5,144 unique companies and 44,218
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company-year observations from 2009 to 2023.

High temperatures and water scarcity significantly impact business operations by
affecting employee productivity, increasing energy consumption, disrupting supply
chain stability, and reducing raw material availability, leading to higher operational
costs and production disruptions (Burke, Hsiang, & Miguel, 2015; Dell, Jones, & Olken,
2018). These two indicators are crucial for understanding the economic impacts ‘of.

climate change because they exemplify how environmental shifts can'distupt business

activities and necessitate adaptive strategies (Deschénes & Greenstone, 2007). By

focusing on temperature and water scarcity, this study aims to illustrate the economic
burdens imposed by climate shocks and emphasize ‘the need for.robust corporate
adaptation measures (Kolstad & Moore, 2020; Carleton & Hsiang, 2016).

Previous studies have primarily used rainfall as an indicator‘of water variability
(Fisher et al., 2012). However, in this study, we focus on the water runoff which is a
more complete measure of water variability. In hydrology, runoff is defined as the flow
of water on the surface and/or underground that occurs after rainfall, snowmelt, or
irrigation. This includes water that 1S not absorbed by the soil and ultimately flows into
rivers, lakes, reservoirs, or oceans (Abatzoglou et al., 2018). These elements make
runoff a better indicator of the actual water variability in a region than precipitation
alone, offering a more direct' measure of the volume of fresh water reaching farmlands
and water bodies: Unlike precipitation, which is only one part of the water cycle, runoff
directly relates. to crucial-economic activities such as crop irrigation, hydropower
generation, and drinking water supply. Therefore, water management policies are
increasingly focusing on the effective management and allocation of runoff rather than
Just precipitation (Shen et al., 2008). This makes runoff data not only more actionable
but alse.more pertinent for policy decisions.

Water runoff and temperature data come from the Monthly Climate and Climatic
Water Balance for Global Terrestrial Surfaces (TerraClimate). The TerraClimate dataset
is well-known for its high-resolution, monthly climate and hydrology data, making it a

popular choice for a wide range of environmental and agricultural research (Abatzoglou
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et al., 2018). Runoff and temperature data is accessible at the level of individual month-
gridcells, which are 1/24° in size.

To link the gridded climate data with micro-level data from publicly listed
companies, we obtained the geographic coordinates (latitude and longitude) of all
company office locations in our sample. We then matched these coordinates with the
gridded data using a point extraction method. This standard approach, widely used in
the literature (e.g., Addoum et al., 2020; Pankratz et al., 2023), allows us-to align grid-
cell-level climate data with specific geographic points, ensuring that our: analysis
accurately captures regional variations in climate conditions.

3.2 Measuring ESG and CFP performance

The primary dependent variables in this study are sourced:from the HuaZheng
ESG rating. The HuaZheng ESG rating aims to evaluate ‘a.company's performance in
three areas: Environmental (E), Social (S);.and.Governance'(G). It includes an overall
score and three sub-scores, with each-score having @ maximum of 100 points. This data
is built on publicly disclosed data from-listed companies, periodic reports, temporary
announcements, corporate social responsibility, and sustainability reports. It also
utilizes data from government.and regulatory websites, as well as news media. The
system is based on international mainstream ESG evaluation frameworks and has been
adjusted to reflect.the characteristics of the Chinese market. Its high update frequency
(quarterly updates), extensive coverage (including all A-share listed companies), and
high data availability are the reasons why it is widely used in academic literature (Deng
et al; 2023). In the rebustness tests, we also use ESG data from HeXun and Bloomberg
to measure alternative approaches to ESG.

While we have already obtained the Environmental, Social, and Governance sub-
scores, we further select specific sub-indicators within each category to validate our
conclusions. This approach not only provides a more detailed explanation of why each
score varies but also enhances the robustness of our analysis. For the Environmental
dimension, we selected indicators such as Chemical Oxygen Demand (COD) emissions,

Ammonia Nitrogen (NH) emissions, Sulfur Dioxide (SOz2) emissions, and Nitric Oxide
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(NO) emissions, reflecting the company's impact on air and water quality. In the Social
dimension, we include metrics such as Income per Employee (IncomePerEmp), Cash
Effective Tax Rate (CashTaxRate), and whether the company conducts layofts
(ConductLayoff), which reflect employee welfare and corporate financial practices. For
the Governance dimension, we examine the proportion of female managers
(FemaleMgr), shareholder meeting attendance rate (Attend), shareholder equity over
total assets (SE), the proportion of independent directors (IndepDir), and 'the CEO-to-
employee pay ratio (CEOPay). These indicators help us assess the company’s
leadership diversity, shareholder involvement, financial structure, and pay equity.

We have also selected Return on Assets (ROA), Return on Equity (ROE), Return
on Invested Capital (ROIC), and Return on Sales (ROS) as key financial performance
indicators because they provide a comprehensive view of a firm’s financial efficiency
and profitability. ROA, which is net profit over total assets, indicates how effectively a
company uses its assets to generate profit. ROE,. calculated as net profit over
shareholders’ equity, shows the return generated on shareholders’ investments,
highlighting the efficiency of usingequity capital. ROIC, defined as net profit over total
capital invested, measures profitability relative to all invested capital, revealing how
well a company utilizes its overall.capital to generate earnings. Lastly, ROS, calculated
as net profit over total sales (revenue), illustrates the efficiency of a company’s
operations by showing what percéntage of revenue turns into profit, reflecting cost
management.and pricing strategies. Together, these indicators provide a solid basis for
evaluating a.«company's financial health and operational performance.”

3.3 Measuring climatic shock

We use temporal and spatial variations in temperature and water availability
shocks to‘address the challenge of identifying exogenous shocks that impact corporate
ESG engagement and lead to stakeholder gains and losses. Due to varying climatic
conditions, temperature and water availability differ significantly across regions,

making it essential to define these factors based on typical regional levels. For instance,

¥ Detailed definitions of all variables used in this paper can be found in Table A.1.



temperatures of 40°C might be unusual and alarming in northeastern China but common

in the northwest. High temperatures may be typical in summer yet abnormal in spring.
Similarly, several consecutive months of zero runoff may signal severe water scarcity
in southern China, but could be normal in the northwest. Therefore, assessing
temperature extremes and water scarcity must consider typical local temperature and
water availability levels, as well as the specific months involved. Both variables are
crucial for understanding regional climatic impacts and their implications for local
ecosystems and economic activities.

To address the requirement for precise identification based.on location.and month,
we calculate standardized anomalies for temperature and runoff-using TerraClimate
data. These anomalies represent deviations from long-term monthly normals, allowing

for comparisons across locations and months, and are expressedin‘standard deviations

(Marbler, 2024). Standardized temperature anomalies' (TA;;;) and water runoff

anomalies (RA; ;) for each geographical coordinate 7, year t, and month j are calculated

by dividing the difference between the observed temperature or runoff in year t month

J (Tj; for temperature, R;q i fortunoff), andthe past 10-year moving average for the

same month (T:;] for temperature; RT;,] for runoff) by the past 10-year standard

deviation for the. month (op (Tig;) for temperature, o, (Ri;) for runoff).

T.¢i — Tt
TAyj = —2—2, forj =1.2,...,12;i = 1,2, ...,N
N o(Tigy) D
RA. .. — Ri,t,j - Rl,t,] fori = P
it = ,forj=1,2,..,12;i=1.2,..,N

o(Ryg;)

Meonthly temperature anomalies (TAs) and runoff anomalies (RAs) display the
departure of a coordinate's temperature and runoff from their long-term averages during
the preceding 10 years, measured in standard deviations for the corresponding month.
For temperature anomalies, negative values represent cooler-than-average conditions,

while positive values indicate warmer-than-average conditions. Similarly, for runoff
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anomalies, negative values signify arid conditions (water shortage exposure), whereas
positive values indicate abundant conditions (water surplus exposure). For example, a
TA of 2 for coordinate i in year t, month j suggests that temperatures were two standard
deviations above the typical monthly average, while an RA of -2 indicates a level of
dryness two standard deviations below the typical runoff average.

We define a month as experiencing a positive temperature or runoff shock if the
standardized anomaly in that month is above 1.036, which corresponds to the85th
percentile of the long-term distribution for that specific month. Conversely, a month is
considered to have a negative temperature or runoff shock if the standardized anomaly
is below -1.036, reflecting the 15th percentile of the long-term distribution. We then
count the number of months in a year that meet these criteria.andadd up the same
number of positive (and negative) shocks. Thus, the values of the core independent
variables TempPosNum, TempNegNums- WaterPosNum;, WaterNegNum are

determined by the following equation:
( 12
TempPosNum; ¢ = Z I1(TA;.; > 1.036)
j=1
! - (2)
TempNegNum, /= Z I1(TA;.; < —1.036)
\ j=1

r 12
WaterPosNum; , = Z I(RA;.; > 1.036)
: o 3)

12

WaterNegNum;, = Z I(RA;;; < —1.036)
\ =1

where [ is-an indicator function that equals 1 if the condition inside the parentheses
is'true and 0 otherwise. These calculations allow us to quantify the frequency of extreme
temperature and runoff conditions based on their standardized deviations from the mean.
3.4 Summary statistics

Table 1 presents descriptive statistics for the primary variables used in this study,
categorized into three panels: ESG scores, corporate financial performance, and climate
shocks.

Firstly, Panel A of Table 1 reports statistics for various ESG-related scores. The
16



total ESG score exhibits an average value of 73.142, with a standard deviation of 4.839,
suggesting a moderate variation across companies.? The environmental score,
representing firms' environmental performance, has a mean of 60.746 and a higher
standard deviation of 7.087, indicating greater variability in corporate environmental
practices. Meanwhile, the social and governance scores display mean values of 74.423
and 79.225, respectively. The standard deviations of 8.854 for the social score and 6.564
for the governance score highlight the differences in how companies approach social
responsibility and governance structures.

Secondly, Panel B provides an overview of corporate financial performance
indicators, including Return on Assets (ROA), Return on-Equity. (ROE), Return on
Capital Invested (ROCI), and Return on Sales (ROS).® The mean ROA is calculated
at 0.040, with a standard deviation of 0.069, indicating relatively low but varied returns
on assets across firms. The ROE shows a mean 0f 0.061'and a higher standard deviation
of 0.144, reflecting substantial variability in profitability relative to shareholders' equity.
ROCI and ROS have mean values of 0.049. and” 0.068, respectively, suggesting
moderate levels of financial performance. Notably, ROS has the highest variability
among these measures, as.evidenced by a standard deviation of 0.228.

Thirdly, Panel C focuses on climate shocks, specifically the frequency of positive
and negative temperature and runoff shocks. The data reveal that the average number
of positive temperature shocks is 2.566, with a standard deviation of 1.644, implying
that such events are relatively-frequent. In comparison, the mean number of negative
temperature shocks is lower at 1.392, although they remain significant, as indicated by
a standard deviation of 1.363. Similarly, positive runoft shocks occur more often than
negative ones, with average occurrences of 1.867 and 1.037, respectively, underscoring
the presence of both types of events.

Finally, we provide a visual representation of the annual distribution of
temperature and runoff shocks throughout the study period in Figure 1. In Figure 2(A),

the average number of positive and negative temperature shocks is depicted, revealing

2 The data distribution pattern can be seen in Panel (A) of Figure A.1.
® The data distribution pattern can be seen in Panel (B) of Figure A.1.



fluctuations over the years. Similarly, Figure 2(B) demonstrates the annual variations
in runoft shocks, with the presence of both positive and negative impacts. Notably, both
panels of Figure 2 indicate a rising trend in the frequency and proportion of high
temperature and water shortage shocks in recent years, reflecting broader patterns of
global climate change. These trends emphasize the increasing relevance of climate-
related risks to firms, aligning with the global shift towards greater environmental

awareness and resilience.

(A) Average Temperature Shocks by Year (B) Average Runoff Shocks by Year
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Figure 2. Annual distribution of temperature and runoff impact

Notes: Panel (A) displays the average number of positive (in blue) and negative (in orange) temperature
shocks per year. Panel (B) shows the average niumber of positive (in blue) and negative (in red) runoff

shocks per year.

Table 1. Summary statistics

Variables # of Obs. Mean Median S.D. Min Max

Panel’A: ESG score

TotalScore 44218 73.142 73.36 4.839 57.51 83.84
EnviroScore 44218 60.746 60.56 7.087 45.72 80.42
SocialScore 44218 74.423 75.21 8.854 47.09 100

GovScore 44218 79.225 80.56 6.564 53.94 91.07

Panel B: Corporate financial performance

ROA 44214 0.040 0.039 0.069 -0.287 0.233



ROE 43919 0.061 0.073 0.144 -0.834 0.391

ROIC 44117 0.049 0.054 0.087 -0.456 0.263

ROS 44191 0.068 0.077 0.228 -1.549 0.595

Panel C: Climate shock

TempPosNum 44218 2.566 2 1.644 0 10
TempNegNum 44218 1.392 1 1.363 0 7
WaterPosNum 44218 1.867 2 1.489 0 8
WaterNegNum 44218 1.037 1 1.039 0 7

Notes: Table 1 presents the summary statistics of the main variables used in the study:-Panel A reports
statistics for ESG-related scores, Panel B summarizes key corporate financial performance metrics, and
Panel C provides information on climate shocks. The detailed definitions of the variables involved are

shown in Table A.1, and the summary statistics of more channel variables are shown in Table A.2.

4 Empirical Strategy

My empirical strategy involves using the cumulative random natural variations in
monthly temperature and runoff as sources of.exogenous climate shocks during the
operating year to explain the year-to-year changes in corporate-level economic activity.
To measure the effect of climate shockson ESG and financial performance, we use an

OLS regression to estimate the following equation:
Yie = Bo + B1TPN;t + B3 TNN; ¢ + BsWPN; + BJWNN; +nXi e + A + fr(O) + & (4)

where¥;, denotes'the ESG and financial performance variables for firm i in
year .t This"is the.dependent variable we aim to explain through the various factors
included in the, model. TPN;, and TNN;, represent the positive and negative
temperature shock numbers (TempPosNum, TempNegNum), respectively, for firm i
in year t. WPos;; and WNeg;, denote the positive and negative runoff shock
numbers (WaterPosNum, WaterNegNum), respectively, for firm i in year t.

Xi+ represents a vector of control variables that account for other factors
influencing corporate performance. These controls help isolate the effect of climate

shocks from other potential influences. A; captures firm fixed effects, which control
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for unobserved, time-invariant characteristics of each firm. This ensures that the
analysis accounts for unique attributes of each firm that do not change over time. f,.(t)
denotes a flexible specification of regional time effects, incorporated to control for
temporal shocks at the regional level. In the preferred specification of our model, we

include province-by-year fixed effects to ensure that any provincial shocks do not bias

the results, thus providing a more accurate identification of the effects of climate shocks.

&+ 1s the error term, capturing unobserved factors that may affect the dependent
variable.

This model enables us to evaluate the differential impact of climate shocks—both
positive and negative, temperature-related and /runeff-related=—on . corporate
performance. By incorporating firm fixed effects and province-by-year fixed effects,
the model rigorously controls for both firm-specific chatacteristics and regional
temporal trends, ensuring robust identification of the causal impact of climate events.

To ensure the robustness of our findings, we have ‘tested an alternative model

specification:
Yie = Bo + BiTPA;c + BoTNAy + BsWPA; o + BWNA; c +1Xip + A + f(8) + &5

In this alternative model, TPA;, represents positive deviations from the annual
average temperature, replacing the earlier metric that focused solely on temperature
extremes. Similarly,” TNA;,, “WPA;,, and WNA;, capture negative temperature
anomalies;positive runoff deviations, and negative runoff deviations from the annual
averages, respectively. The rest of the model specifications remain consistent with our
baseline regression,.including control variables, firm fixed effects, and regional time
effects. This adjustment allows us to examine the impact of sustained climate anomalies
on corporate performance, providing further robustness to our analysis.

In" addition, we implemented a third alternative model to further validate our

findings:

Yi¢ = Bo + B1TemNormal;, + B,WaterNormal;; + nX;, + A; + f(t) + &
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This specification introduces TemNormal;, representing the normal temperature
value for firm i in year t, calculated as the 10-year moving average of temperature at
that location. Similarly, WaterNormal;, is used to represent the normal runoff valuge
based on the same methodology. These variables are included to capture the typical
climatic conditions, allowing us to differentiate the impact of deviations from normality
on corporate ESG and financial performance, thereby adding another layer of

robustness to our analysis.

5 The effect of climate change on ESG inconsistencies

5.1 Benchmark results

We begin our analysis by examining the impact of climate shocks on ESG
performance, as detailed in Table 2, using a standard two-way fixed effect model that
includes firm fixed effects and year fixed effects to’ control for unobserved
heterogeneity across firms and time.This_approach.allows us to isolate the effect of
climate variability on ESG dimensions.. The results presented in Column (1) reveal that
both positive and negative temperature anomalies and water variability significantly
affect various aspects of ESG.performance. To capture the any unobserved industry
differences that might influence these relationships, we enhance our model in Column
(2) by introducing industry fixed effects, providing a more granular control over
industry-specific’ fluctuations. However, to comprehensively address the potential
limitations of these fixed effects models in capturing intricate regional and temporal
patterns, we introduce a full set of provincial fixed effects in Column (3). This preferred
specification not only incorporates firm and year fixed effects but also integrates
regional‘time fluctuations, which helps in identifying the impacts of climate shocks
more accurately by removing any noise due to province-level variations.

The results show that water and temperature anomalies have varying impacts on
different components of ESG performance. For instance, water scarcity shocks
significantly increase the overall ESG score, with similar positive effects observed for

the environmental score and Governance score. However, these shocks negatively
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influence the social score, indicating that while environmental management might
improve under scarcity conditions, social aspects such as employee welfare or
community relations may suffer. In terms of economic significance from the regression

results, a one standard deviation increase in water scarcity shocks will lead to an

increase of 0.019 (0.055x1.644/4.839), 0.013 (0.0558x1.644/7.087), and 0.16(0.0626

x1.644/6.564) standard deviations in the company's total ESG score,.environmental

score, and governance score, respectively, while the social score will decrease by-0.298

(0.0688 x 1.644/8.854) standard deviations.* ®High-temperature’ shocks -alsor show

inconsistent and significant effects across various dimensions of ESG./This finding
underscores the challenge of balancing different. ESG priorities<when firms are
subjected to environmental stress.

As shown in Table 3, the focus shifts to-the.direct financial implications of these
climate shocks. High temperature shocks show .a small yet statistically significant
positive effect on financial metrics, such as ROA (0.0006, p < 0.05), ROE (0.0016, p <
0.01), and ROIC (0.0010, p < 0.01):These results.suggest that warmer conditions might
benefit certain sectors, possibly by extending growing seasons or reducing heating costs.
In contrast, water scarcity shocks exert a.negative impact on financial performance,
particularly evidentin ROE and ROS, which decrease by 0.0021 (p <0.05) and 0.0027
(p < 0.05) respectively. Theseoutcomes align with the idea that water scarcity imposes
operational-constraints that.can diminish profitability.

Comparing the results from both tables provides a more detailed view. While
certain climate'shocks can improve specific ESG components, they may at the same
time negatively impact financial performance or other aspects of ESG. For instance, the
increase in ESG scores due to better environmental management in response to water

scarcity does not necessarily lead to improved financial performance. Instead, it often

¢ Here, we standardized the regression coefficients. The advantage of standardization is that it removes the units
from both independent and dependent variables (making their mean 0 and standard deviation 1), allowing the
regression coefficients to be compared across variables with different scales.
® The standardized regression coefficient B+ equals the ordinary regression coefficient f multiplied by the ratio of
the standard deviation of the independent variable X to the standard deviation of the dependent variable Y.
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coincides with declines in profitability metrics like ROE and ROS. This contrast
highlights the trade-offs companies face when balancing stakeholder expectations with
financial outcomes under environmental stress.

These findings align with the broader concept of the “ESG paradox,” where firms
striving to improve their ESG performance due to climate pressures may still struggle
to achieve corresponding financial gains. The results indicate that while ESG initiatives
might help mitigate environmental risks and build resilience, they do not always-align

with immediate financial interests, especially in the face of resource'shortages.

Table 2. Climate shock impacts on ESG performance

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

TotalScore EnviroScore - SocialScore GovScore

TempPosNum  -0.0248"  -0.0238"  -0.0238" ' -0.0443" 0.0403"  -0.0466"
(0.0144)  (0.0144)  (0.0144)  (0.0205) (0.0239)  (0.0208)
TempNegNum  0.0361°  0.0386"" _0.0386" 0.0348 -0.0052 0.0148
(0.0194)  (0.0193) “7(0.0193) .~ (0.0277) (0.0348)  (0.0268)
WaterPosNum ~ -0.0110 00103  £0:0103  -0.0507"" -0.0237 0.0043
(0.0162). (0.0161) < (0.0161)  (0.0219) (0.0282)  (0.0231)
WaterNegNum ~ 0.0566°-  0.0550" ..0.0550"" 0.0558" -0.0688" 0.0626"

(0.0229) /(0.0227)  (0.0227)  (0.0312) (0.0402)  (0.0330)

Firm FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Industry FE No Yes Yes Yes Yes Yes
Provincial FE No No Yes Yes Yes Yes
Obs 44218 44218 44218 44218 44218 44218

Notes:All'regressions control for firm FE and year FE. Column (2) additionally controls for industry FE,
and columns (3)-(6) additionally control for provincial FE. Standard errors (in brackets) are clustered at

the firm level. The significance levels are ™" p<0.01, ** p<0.05, and " p<0.1.

Table 3. Climate shock impacts on corporate financial performance
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(1) @ ®) “4)

ROA ROE ROIC ROS
TempPosNum 0.0006"* 0.0016™" 0.0010"" 0.0028"""
(0.0002) (0.0005) (0.0003) (0.0008)
TempNegNum 0.0001 -0.0006 -0.0002 -0.0005
(0.0003) (0.0007) (0.0004) (0.0010)
WaterPosNum 0.0000 -0.0000 -0.0001 -0.0002
(0.0003) (0.0006) (0.0003) (0.0008)
WaterNegNum -0.0006 -0.0021" -0:0009" -0.0027"
(0.0004) (0.0008) (0.0005) (0.0013)
Obs 44214 43919 44117 44191

Notes: All regressions control for firm FE, year FE, industry FE, provincial FE. Standard errors (in
brackets) are clustered at the firm level. The significance levels are “**p<0.01, ** p<0.05, and * p<0.1.
5.2 Alternative ESG indicators

Since the baseline regression results show. that-only high temperature and water
scarcity shocks significantly affect.corporate ESG and financial performance, we will
focus exclusively on these two types of shocks in our subsequent regression analyses.
Figure 3 illustrates the impact of high temperature and water scarcity shocks on various
alternative ESG indicators, aiming to.test the robustness of our results and identify how
these environmental factors influence corporate behavior. The figure demonstrates that
the effects-of climate shocks differ notably across various environmental, social, and
governance indicators, highlighting the need to understand these impacts in greater
detail.

Environmental indicators reveal a mixed response to high temperature and water
scarcity shocks, reflecting both the direct and indirect pathways through which these
shocksinfluence corporate environmental performance. High temperature shocks tend
to increase emissions of pollutants such as sulfur dioxide (SO2) and chemical oxygen
demand (COD), suggesting a deterioration in environmental management under
temperature stress. This could be due to increased energy use or operational adjustments

that prioritize immediate production over environmental controls. On the contrary,
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water scarcity shocks are associated with reduced emissions of nitric oxide (NO),
indicating that firms may tighten their environmental practices to conserve water,
potentially implementing more efficient processes. While some environmental metrics
like these show significant responses, others, such as ammonia nitrogen (NH) emissions
and certain other pollutants, remain unaffected, highlighting that the sensitivity to
climate variability can vary among different environmental factors.

In examining the social indicators, the results suggest that high tempetature shocks
can lead to positive outcomes such as higher social scores and.increased income per
employee, perhaps reflecting a strategic emphasis on maintaining good employee
relations and community support in the face of climate stress. This might be part of
broader corporate strategies to mitigate the adverse impacts of high  temperatures on
employee productivity and morale. However, water scarcity shocks have a more
detrimental effect on social indicators, including.reductions in-social scores and social
donations, and a higher likelihood of layoffs. These negative impacts could result from
firms reallocating resources to essential operational needs, thereby deprioritizing social
initiatives during periods of water scarcity. Notably, some social indicators, such as the
cash tax rate, show no significant response, indicating that not all social aspects are
equally impacted by these shocks:

The impact on«governance indicators further highlights the differential effects of
climate shocks on corporate’ behavior. High temperature shocks negatively affect
governanee-metrics, such.as<the proportion of female managers and shareholder
meeting attendance rates, which may suggest that governance practices become less
rigorous or areneglected under temperature stress. This could be due to a shift in focus
towards managing immediate operational challenges rather than maintaining robust
governance practices. In contrast, water scarcity shocks tend to have a positive effect
on.governance scores and other governance-related measures, such as the proportion of
independent directors and CEO pay ratios. These findings suggest that firms may
reinforce their governance structures to better manage risks and ensure strategic
decision-making in the face of limited water resources. However, not all governance

metrics are impacted; some, like CEO-to-employee pay ratios, show no significant
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changes, demonstrating that the influence of climate shocks on governance can also

vary.
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Figure 3. Thedimpact of climate shocks

Notes: The figure illustrates the impact-of high temperature and water scarcity shocks on alternative
ESG indicators. Dots represent point.estimates, with lines indicating 90% confidence intervals. All

impact coefficients are normalized. The full results-are reported in Table A.3-A.S.

5.3 Robustness test

Our baselineregression results are grounded in the HuaZheng ESG data. To test
the robustness of these results, we sought alternative ESG data sources and employed
data from the Listed Companies ESG Rating Database (ESGR) provided by the China
Research Data Services Platform (CNRDS). The robustness check results, presented in
Table 4, align closely with our baseline findings, affirming the stability of our
conclusions.. High temperature shocks continue to exhibit a negative impact on
alternative total ESG scores and governance scores, consistent with the baseline results.
Water. scarcity shocks, on the other hand, show a positive effect on alternative
environmental scores and governance scores, mirroring the patterns observed in the
primary dataset. The alignment of these results with our baseline findings underscores
the robustness of our analysis, confirming that the observed relationships between
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climate shocks and ESG performance are not dependent on the specific data source

used but reflect broader and more generalizable trends.

Table 4. Robustness checks on alternative ESG scores

(1) 2) 3) C)
Alt. TotalScore  Alt.EnviroScore  Alt.SocialScore Alt.GovScore
TempPosNum -0.0534" -0.0205 0.0729" -0:0572"
(0.0312) (0.0508) (0.0433) (0.0321)
WaterNegNum 0.0927" 0.1431" -0.1507"" 0.1639""
(0.0469) (0.0761) (0.0624) (0.0497)
Various FE Yes Yes Yes Yes
Obs 38833 38833 38833 38833

Notes: Compared with Equation (4), the dependent variable'is replaced by the ESG score from CNRDS.
All regressions control for firm FE, year FE, industry FE,provincial FE. Standard errors (in brackets)
are clustered at the firm level. The significance levels'are ™ p<0:01, ¥ p<0.05, and * p<0.1.

The second robustness check ‘involves altering“the measurement of the key
independent variable, climate. shocks, .to“.evaluate whether our findings remain
consistent under different, specifications. Instead of using the cumulative monthly
climate shocks throughout the year as in‘the baseline regression, we substitute this
measure with the annual average values of climate shocks. This adjustment allows us
to test whether the impact of climate variability on ESG performance is sensitive to the
temporal aggregation method used. The results of this robustness check are presented
in Table 5.

As shown in Table 5, the alternative specification using annual average climate
shocks yields results that are largely consistent with our baseline findings, further
supporting the robustness of our conclusions. High temperature shocks continue to have
a negative but not statistically significant impact on the overall ESG score and
governance score, while positively affecting social scores. This suggests that even when

climate shocks are measured on an annual basis, firms may prioritize social and
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community engagement in response to temperature increases, possibly as a strategy to
mitigate the broader adverse impacts of heat stress.

Similarly, water scarcity shocks have a positive and significant impact on
environmental and governance scores, suggesting that firms strengthen their
environmental and governance practices in response to water shortages. However,
water scarcity is negatively associated with social scores, indicating that companies
may shift resources away from social initiatives to prioritize environmental compliance

and governance improvements when water is scarce. These findings suggest that the

main conclusions of our analysis—the varying impacts of climate shocks.on different

ESG dimensions—remain consistent, whether using monthly or annual climate shock

measures, demonstrating the robustness and reliability of ourresults.

Table 5. Robustness checks on climate annual shocks

(1) @) 3) 4)
TotalScore EnviroScore SocialScore GovScore
TempPosAnns -0.0739 -0.1246" 0.1742° -0.1261"
(0.0518) (0.0750) (0.0904) (0.0731)
WaterNegAnns 0.1053™ 0.1434" -0.1787" 0.1235"
(0.0536) (0.0782) (0.0923) (0.0724)
Various FE Yes Yes Yes Yes
Obs 44218 44218 44218 44218

Notes:Compared with.Equation (4), the independent variable is replaced by the annual climate shock in
Equation (5). All regressions control for firm FE, year FE, industry FE, provincial FE. Standard errors
(in brackets) are clustered at the firm level. The significance levels are *** p<0.01, ** p<0.05, and " p<0.1.

The third robustness check further validates our findings by replacing the
cumulative monthly climate shocks used in the baseline regression with climate
normals, defined as the 10-year moving average values for temperature and runoff, as
specified in Equation (6). This approach captures typical climatic conditions, allowing
us to assess the impact of deviations from these norms on corporate ESG performance.

The results of this robustness check are presented in Table 6.
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The results shown in Table 6 are largely consistent with those of the baseline
regressions, affirming the robustness of our findings. For instance, high temperature
normal values have a negative impact on the total ESG score and governance score,
which is consistent with the baseline results. Similarly, water normal values show-a
positive and significant effect on the environmental score, reinforcing the notion that
companies improve their environmental practices in response to deviations from normal
water conditions.

However, there are some differences when compared to the-baseline results. The
TemNormal variable shows a positive effect on the social score; which 1S not observed
in the baseline regression. This discrepancy may be attributed to.the different ways
temperature extremes and norms impact social initiatives. While temperature extremes
might necessitate immediate social responses, such as employee, welfare measures,
consistent deviations from normal temperatures.could lead to. more sustained social
engagement by firms over time. Additionally, the insignificant impact of WaterNormal
on SocialScore and GovScore, unlike'the more pronounced effects seen with monthly
cumulative shocks, suggests that firms might tespond more actively to immediate
shocks than to long-term averages.

These differences are. reasonable and do not weaken the strength of our
conclusions. They show that while the specific measurement of climate variables may
affect the estimated impact on some ESG components, the overall message remains
consistent:-elimate variability, whether assessed through short-term shocks or long-term
averages, has a significant impact on corporate ESG performance. The observed
variations underline the need to consider both immediate and long-term climate
conditions when analyzing corporate responses to environmental challenges, ensuring

a thorough and nuanced understanding of ESG impacts.

Table 6. Robustness checks on climate normals

(1) (2) (3) 4)
TotalScore EnviroScore SocialScore GovScore
TemNormal -0.0677" -0.1249™ 0.1065" -0.0913"
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(0.0389) (0.0518) (0.0625) (0.0551)

WaterNormal 0.0014" 0.0035™*" -0.0009 0.0005
(0.0008) (0.0009) (0.0012) (0.0011)

Various FE Yes Yes Yes Yes

Obs 44218 44218 44218 44218

Notes: Compared with Equation (4), the independent variable is replaced by the climate normals’in
Equation (6). All regressions control for firm FE, year FE, industry FE, provincial FE. Standard errors
(in brackets) are clustered at the firm level. The significance levels are *** p<0.01,.** p<0.05, and " p<0.1.

In the baseline regressions, we deliberately avoided including additional control
variables to maintain the quasi-experimental nature of the setting; where weather
variations are exogenous to firm operations (Hsiang, 2016;.Carleton & Hsiang, 2016).
Adding extra controls could lead to bad control issues (Cinellietal:, 2024), potentially
obstructing the pathways through which climate shocks influence corporate operations.
However, concerns may still arise regarding.the potential confounding effects of firm-
specific characteristics on the relationship between climate and ESG performance,
particularly since larger firms are often perceived to perform better in ESG metrics. To
address these concerns and provide additional support for our baseline estimates, we
incorporate a set of additional control vatiables, including firm age and size. This helps
to ensure that our findings are not.driven by inherent firm characteristics that might
skew the observed relationships.

Furthermore, while runoffis generally considered a superior indicator of water
supply compared to/precipitation (Russ, 2020), concerns remain about the possibility
that the relationship between runoff and corporate ESG performance could be indirectly
influenced by precipitation, given the close correlation between the two. To account for
this, we also.include precipitation data as a control variable to isolate the direct impact
of runoff on ESG performance.

The results from adding these additional control variables are presented in Table
7. The inclusion of firm size (LnAssets) and sales (LnSales) as controls shows a positive
and significant relationship with total ESG scores and governance scores, supporting

the notion that larger firms tend to have better ESG performance. The robustness of our
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core findings is further confirmed, as high temperature shocks still exhibit a negative
impact on total ESG scores and governance scores, while water scarcity shocks
continue to show a positive effect on environmental and governance scores. The
introduction of precipitation as a control variable yields significant positive coefficients,
suggesting that even when accounting for precipitation, the direct impact of runoff on
ESG indicators remains robust. However, it is worth noting the negative impact of water
scarcity on social scores, indicating that firms might still prioritize environmental and
governance adjustments over social initiatives under water-stressed conditions.
Overall, these robustness checks underscore the reliability of our baseline findings.
By accounting for additional firm characteristics and petential«indirect effects of
precipitation, we ensure that the observed relationships between: climate shocks and
ESG performance are not artifacts of omitted variable bias, but rather reflect genuine,

underlying patterns.

Table 7. Robustness checks on additional'control variables

6] 2 3) 4
TotalScore EnviroScore SocialScore GovScore
TempPosNum -0.0262° 20.0455™ 0.0349 -0.0491™
(0.0144) (0.0205) (0.0238) (0.0207)
WaterNegNum 0.0517" 0.0482 -0.0687" 0.0596"
(0.0224) (0.0311) (0.0398) (0.0328)
LnAssets 0.6577" 0.8988""" 0.4581™" 0.4731™
(0.0922) (0.1234) (0.1622) (0.1446)
LnSale 0.2557" -0.0239 1.1263™ 0.1385
(0.0729) (0.0984) (0.1373) (0.1195)
Precipitation 0.0007" 0.0011"* 0.0008 0.0004
(0.0003) (0.0004) (0.0005) (0.0005)
Various FE Yes Yes Yes Yes
Obs 44187 44187 44187 44187
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Notes: The regression equation follows equation (4), with the addition of control variables, including
LnAssets, LnSales, and Precipitation. All regressions control for firm FE, year FE, industry FE,
provincial FE. Standard errors (in brackets) are clustered at the firm level. The significance levels are ***
p<0.01, ™ p<0.05, and * p<0.1.

The final robustness check applies winsorization to the ESG scores to minimize
the influence of potential outliers. Although the baseline results did not implement
winsorization to preserve the economic significance of some extreme values; this step
was taken to ensure that our conclusions are not distorted by outliers. By capping the
extreme values of ESG scores, we tested whether the relationships observed in the
baseline regressions hold. As shown in Table 8, the winsorized .results are consistent
with the baseline findings, confirming the robustness”of our conclusions. High
temperature shocks and water scarcity shocks continue to significantly impact ESG
scores in expected directions, indicating that our results are stable and not driven by
extreme data points. This demonstrates that the core relationships between climate

shocks and ESG performance remain valid even after.controlling for outliers.

Table 8. Robustness checks on wincernized variables

(1) (2) (3) “4)

Win.TotalScore .. Win.EnviroScore Win.SocialScore ~ Win.GovScore

TempPosNum -0:0240° -0.0443" 0.0389 -0.0464"
(0.0144) (0.0205) (0.0237) (0.0207)
WaterNegNum 010548 0.0558" -0.0656° 0.0626
(0.0226) (0.0312) (0.0398) (0.0329)
Various FE Yes Yes Yes Yes
Obs 44218 44218 44218 44218

Notes: Compared with Equation (4), the independent variable is replaced by the wincernized variables
(99%). All regressions control for firm FE, year FE, industry FE, provincial FE. Standard errors (in

brackets) are clustered at the firm level. The significance levels are ™ p<0.01, ** p<0.05, and * p<0.1.

6 Further mechanisms: Limited resources and rising risks

6.1 Climate change and limited resources for response
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The inconsistency between corporate ESG and financial performance due to
climate change can be partly explained by the limited resources companies have to
respond to environmental shocks. To examine this mechanism, we constructed specific
variables representing firms' resource allocation strategies under climate stress,
focusing on key areas such as environmental investment, R&D spending, social
donations, and working capital management. These variables are designed to capture
how companies balance their ESG commitments and financial priorities it response to
high temperatures and water scarcity.

From a managerial perspective, corporate leaders must navigate ' conflicting
stakeholder interests, balancing the immediate need for-operational stability with
longer-term ESG goals. Table 9 provides empirical évidence supporting this mechanism,
showing how companies allocate resources when faced with ‘high temperatures and
water scarcity, which can lead to discrepancies between ESG dimensions and financial
performance.

High temperature shocks, for  instance, negatively impact environmental
investments, as indicated by.a significant reduction in environmental investment
relative to total assets. This suggests. that. firms may deprioritize environmental
spending to preserve resources for immediate operational needs, reflecting a conflict
between environmental objectives, and financial stability. Similarly, negative
coefficients for/ R&D and administrative expenses indicate that companies might cut
back on innevation and management spending to maintain cash flow or stabilize short-
term financial performance, implying a preference for immediate financial stability
over long-term-initiatives.

Conyersely, water scarcity shocks encourage firms to allocate more resources to
envirenmental investments and R&D, as shown by positive and significant coefficients.
This indicates a strategic focus on mitigating long-term risks associated with water
scarcity, even if it means reallocating resources away from other areas such as social
donations or immediate working capital needs. The observed increase in the working
capital ratio highlights a cautious approach to liquidity management, demonstrating that

firms may prioritize financial buffers over social or environmental commitments. This
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behavior points to a paradox where efforts to address water scarcity can enhance certain
ESG aspects, like environmental sustainability and financial stability, while potentially
neglecting social factors.

These findings underscore the inherent conflicts and trade-offs that firms face
when responding to climate-related shocks with limited resources. Managers often
prioritize financial stability and operational continuity, which can lead to decisions that
contradict broader ESG goals, creating a paradox where enhancing certain ESG
dimensions may compromise others. This complexity in corporate. decision-making
underscores the need for integrated strategies that align sustainability "goals with
financial imperatives. By recognizing the interdependencies.between ESG components
and financial performance, companies can develop.approaches that'ensure efforts to

enhance ESG do not undermine financial health, and vice versa.

Table 9. Mechanism analysis: Limited resources

(1) @ ) ) ©) (6)

Envinvest SocDonatio WC Rat ¢ RnD Expen SalesExpense AdminEx

ns io S€s S penses

TempPos  -0.0310"" “.-0.0003"  -0.1988"  -0.0200" -0.0278" -0.0321"
Num

(0.0147) ' (0,0001) " (0.1145)  (0.0096) (0.0141) (0.0175)
WaterNeg  0.0331° 0.0004" 0.3404" 0.0254" 0.0531" 0.0453"
Num

(0.0196), " (0.0002)  (0.2048)  (0.0143) (0.0249) (0.0271)
Various Yes Yes Yes Yes Yes Yes
FE
Obs 36446 39107 43243 21880 43776 43256

Notes: The regression equation is consistent with equation (4). All regressions control for firm FE, year
FE,-industry FE, provincial FE. Standard errors (in brackets) are clustered at the firm level. The

significance levels are ™ p<0.01, ™ p<0.05, and * p<0.1.

6.2 Climate change and rising risk perceptions
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The impact of climate change on corporate behavior extends beyond immediate
operational adjustments; it also significantly influences managerial risk perceptions. To
validate this mechanism, we developed variables to capture how companies alter their
risk management strategies in response to climate shocks, focusing on indicators such
as cash holdings, inventory turnover, and inventory days. These variables reflect
managerial responses to perceived risks, allowing us to analyze how heightened risk
perceptions, triggered by climate shocks, affect corporate financial and ESG strategies.

Table 10 illustrates the empirical evidence supporting “this mechanism,
demonstrating how these heightened risk perceptions can. lead to inconsistencies
between ESG objectives and financial performance. The.findings reveal that high
temperature shocks lead to increased cash holdings, as indicated by the positive and
significant coefficient. This suggests that firms anticipate distuptions from extreme
temperatures and prefer higher liquidity as-a safeguard against unforeseen financial
strains. While holding more cash is prudent for risk. management, it may divert
resources away from ESG investments, potentially hindering improvements in ESG
performance. This illustrates ‘the paradox firms. face: preparing for climate-induced
financial instability can lead to underinvestment in long-term sustainability, conflicting
with broader ESG goals.

Conversely, water scarcity« shocks prompt different risk responses. Firms
experiencing these shocks tend. to reduce cash holdings and focus on optimizing
inventory~management, as-reflected in lower inventory turnover. This suggests a
strategy of maintaining a-leaner operation to preserve cash flow amid water scarcity.
However, the observed increase in inventory turnover days highlights a potential risk:
while efficient inventory management supports resilience, it may reduce the firm's
agility in‘responding to supply chain disruptions. These risk-driven adjustments can
lead to" inconsistencies, where efforts to stabilize operations and maintain financial
health” may impact other ESG dimensions, such as social commitments or
environmental practices.

These findings underscore the complex nature of corporate responses to climate

risks and the trade-offs involved. While strategies like increasing liquidity or optimizing
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inventory turnover are designed to ensure financial stability, they can inadvertently
limit a firm's capacity to invest in ESG initiatives, leading to inconsistencies across
different ESG dimensions. This inconsistency arises when firms prioritize short-term
financial survival over long-term ESG commitments, creating a misalignment between

sustainability goals and financial prudence.

Table 10. Mechanism analysis: Rising risks

(1) ) 2) 3)
CashHoldings InvTurnover InvTurnDays NetlInventory
TempPosNum 0.0014™*" 0.1616™ -1.1837°% -0.0018™
(0.0004) (0.0802) (0.4893) (0.0008)
WaterNegNum -0.0015™ -0.2314™ 1.6920° 0.0029"
(0.0007) (0.1122) (0:8873) (0.0016)
Various FE Yes Yes Yes Yes
Obs 44218 42847 42847 42901

Notes: The regression equation is consistent with equation (4). All regressions control for firm FE, year
FE, industry FE, provincial FE. Standard- errors. (in. brackets) are clustered at the firm level. The

significance levels are ™ p<0.01, * p<0.05, and.” p<0:1.

7 Conclusion

The rise of 'ESG initiatives as key parts of corporate strategy has revealed a
paradox: although there'is substantial evidence linking ESG participation to better
financial. performance, many companies still do not engage in ESG activities. This
study addresses this paradox by examining how conflicting stakeholder interests lead
to discrepancies between ESG and financial performance, using climate change as an
external shock to examine these relationships.

Our baseline regression results indicate that both high temperature and water
scarcity shocks have significant yet varying impacts on ESG performance. Water
scarcity shocks, for instance, are associated with increases in overall ESG scores, driven

by improvements in environmental and governance aspects. However, these same
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shocks lead to a decline in social performance, highlighting a trade-off where resources
are diverted to environmental management at the expense of social initiatives such as
employee welfare and community relations. High temperature shocks also exhibit
inconsistent effects across different ESG dimensions, reinforcing the challenge firms
face in aligning their ESG priorities under environmental stress.

Further, the financial analysis shows that climate shocks have divergent impacts
on corporate profitability. While high temperature shocks have a modest positive effect
on financial metrics like ROA, ROE, and ROIC, suggesting potential benefits for
certain sectors, water scarcity shocks negatively affect profitability measures, such as
ROE and ROS. This dichotomy underscores the complexity of managing ESG and
financial objectives simultaneously, as efforts to “improve ESG- performance under
climate-induced pressures may not necessarily translate into immediate financial gains.

To ensure the robustness of these findings;-we conducted several tests, including
using alternative ESG data sources and adjusting the measurement of climatic shocks
to annual averages and climate normals. These tests confirm that our results hold across
different specifications, underscoring the reliability of our conclusions about the
complex relationship between climate change.and ESG performance.

The study identifies'two key mechanisms driving the observed inconsistencies.
First, the limited resources available to firms necessitate trade-offs in how these
resources are allocated when responding to climate shocks. Firms may prioritize
immediate-operational needs and financial stability over ESG commitments, leading to
divergent outcomes across different ESG dimensions. Second, heightened risk
perceptions dueto climate change lead firms to adopt precautionary measures, such as
increasing cash holdings and optimizing inventory turnover. While these strategies are
prudent for managing financial risks, they may constrain the firm's ability to invest in
ESG initiatives, further contributing to the “ESG Paradox”.

Based on our findings, several policy recommendations can help firms balance
ESG performance with financial stability amid climate change. Policymakers should
create incentives, such as tax breaks or subsidies, to encourage firms to invest evenly

across all ESG areas, preventing trade-offs that favor environmental or governance
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aspects over social commitments. Additionally, regulatory frameworks should support
resilience against specific climate risks by promoting industry-specific guidelines and
technologies. For instance, policies that encourage water-efficient practices would
benefit sectors prone to water scarcity, while those facing high temperatures could be
incentivized to adopt cooling technologies. By fostering balanced ESG engagement and
equipping firms to handle various climate challenges, policymakers can help align
sustainability goals with financial stability, ensuring long-term resilience.

In conclusion, our findings underscore the challenges companies. face in balancing
ESG performance with financial stability amid climate change. Recognizing the trade-
offs and underlying factors behind these inconsistencies. is essential’ for creating
strategies that align corporate sustainability goals with financial needs. Future research
should examine other climate risks and broader contexts to. further understand how
firms can manage the complexities of climate change while achieving consistent ESG

and financial outcomes.
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Table B.1. Detailed definitions of all variables

Variables

Definition
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TotalScore
EnviroScore
SocialScore
GovScore
ROA

ROE

ROIC

ROS
TempPosNum
TempNegNum
WaterPosNum
WaterNegNum
COD

NH

SO,

NO
IncomePerEmp
CashTaxRate
ConductLayoff
FemaleMgr
Attend

SE

IndepDir
CEOPay
Envinvest
SocDonations
WC_Ratio
RnD Expenses

SalesExpenses

Total ESG score from HEXUN's CSR

Environmental score from HEXUN's CSR

Social score from HEXUN's CSR

Governance score from HEXUN's CSR

Net profit over total assets

Net profit over shareholders' equity

Net profit over total invested capital

Net profit over total sales (revenue)

Total months per year with positive temperature shocks
Total months per year with negative temperature’'shocks
Total months per year with positive water supply impacts
Total months per year with negative water, supply impacts
Chemical oxygen demand emissions

Ammonia nitrogen emissions

Sulfur.dioxide emissions

Nitric. oxide emissions

Income per employee

Cash effective tax rates

Whether the company conducts layoffs

Proportion of female managers

Shareholder meeting attendance rate

Shareholder equity over total assets

Proportion of independent directors

CEO-to-employee pay ratio

Environmental investment over total assets

Social donations over total assets

Working capital ratio

Research and development expenses ratio

Sales expenses ratio
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AdminExpenses Administrative expenses ratio

CashHoldings The sum of cash and cash equivalents plus trading financial

assets, divided by total assets.

InvTurnover Inventory turnover ratio
InvTurnDays Inventory turnover days
Netlnventory Net inventory over operating income

Table B.2. Supplementary descriptive statistics

Variables #of Mean Median S.D. Min Max
Obs.
Panel A: EnviroScore indicators
COD 35962 417.091 392995 264.649 0.12 1100
NH 36075 1087.409. 1089.8 = 294.096 450.09 1760
SO2 36004 1251.929 . 1261.6 / 326.947 540.18 1980
NO 36075 1837.053 «1862.01 471.507 810 2860
Panel B: SocialScore indicators
IncomePerEmp 42976 122022.12 16445.68 19657.74 187.150 127538.6
CashTaxRate 44000 0.142 0.142 0.181 -0.711 0.818
ConductLayoff 44072 0.384 0 0.486 0 1
Panel C: GovScore indicators
FemaleMgr 44179  17.142 14.286 17.169 0 100
Attend 29896  49.625 49.75 16.959 0.065 100
SE 44150  55.469 56.464 25.099  -756.634  551.735
IndepDir 44000  37.547 36.364 5.400 0 100
CEOPay 42734 91.759 50.379 144.785 4.813 1763.301
Panel D: Channel variables
Envinvest 34385 7.681 4.141 9.549 0 55.463
SocDonations 39107 0.018 0.003 0.038 0 0.245
WC_Ratio 43243 32.598 41.790 47595  -246.678  94.448
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RnD_ Expenses
SalesExpenses
AdminExpenses
CashHoldings
InvTurnover
InvTurnDays

NetInventory

21880 5.131

43776  6.7632

43256 8.489

44218  0.2161

42847 9.816

42847 166.946

42901 0.303

3.936

3.9123

6.889

0.1709

3.856

95.032

0.187

4.979

8.0858

6.273

0.1586

28.489

258.317

0.434

0.022

0

0.808

0

0.157

0.775

0.000

33.391

48.6042

47.002

1

463.875

2335.761

4.009

Table B.3. Regression results of alternative environmental score indicators

6] 2 4 O]

EnviroScore COD NH SO» NO
TempPosNum -0.0443™ 2.2669° 0.2343 14611° -3.1293™
(0.0205) (1.1655) (0.7005) (0.6916) (0.9276)
WaterNegNum 0.0558" -2.8261° -0.8284 -0.3792 3.5281°"
(0.0312) (1:6404) (1:0043) (0.9956) (1.3259)

Various FE Yes Yes Yes Yes Yes

Obs 44218 35962 36075 36004 36075

Notes: All regressions control for firm EE, year FE, industry FE, provincial FE. Standard errors (in

brackets) are clustered at the firm level. The variables TempNegNum and WaterPosNum are omitted

from the report. The significancelevels are ™™ p<0.01, ** p<0.05, and * p<0.1.

Table B.4:Regression results of alternative social score indicators

1 (2) A3) “)
SocialScore ~ IncomePerEmp  CashTaxRate ConductLayoff
TempPosNum 0.0403" 75.3410" 0.0013™ -0.0033"
(0.0239) (44.9287) (0.0006) (0.0018)
WaterNegNum -0.0688" -20.1498 -0.0017" 0.0054"
(0.0402) (77.5344) (0.0010) (0.0028)
Various FE Yes Yes Yes Yes
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Obs 44218 42976 44000 44072

Notes: All regressions control for firm FE, year FE, industry FE, provincial FE. Standard errors (in
brackets) are clustered at the firm level. The variables TempNegNum and WaterPosNum are omitted

from the report. The significance levels are ™ p<0.01, ** p<0.05, and * p<0.1.

Table B.5. Regression results of alternative governance score indicators

(1) ) (3) 4) (5) (6)
GovScore  FemaleMgr Attend SE IndepDir '« CEOPay
TempPosNum -0.0466™ -0.0856" -0.0902"  <0.0880"" -0.0249" -0.6964"

(0.0208) (0.0458) (0.0547).  (0:0507)7 ~(0.0144) (0.3972)

WaterNegNum 0.0626" 0.1218" 0.1645"  0.2084"" ./ 10.0396" 1.5538™

(0.0330) (0.0729)  (0.0850) (0.0935)  (0.0238)  (0.7577)

Various FE Yes Yes Yes Yes Yes Yes

Obs 44218 44179 29896 44150 44000 42734

Notes: All regressions control for firm EE, year FE; industry FE, provincial FE. Standard errors (in

brackets) are clustered at the firm level. The variables TempNegNum and WaterPosNum are omitted

from the report. The significance.levels are”*" p<0.01, ™ p<0.05, and * p<0.1.
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