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Abstract
Research Summary: This article examines whether

and how firms adapt to physical exposures to climate

change. I build a novel dataset that compiles informa-

tion on the adaptation strategies of publicly traded

companies around the globe and merge it with climate

science data. I find that firms are sensitive to the nature

and level of forecasted climate change exposures, and

that they adapt more often and more completely to

those most salient to their business. Increased physical

climate exposure heightens the perceived impact of cli-

mate change, leading to a higher degree of adaptation.

Furthermore, the positive relationship between firms'

climate change exposure and their adaptation is stron-

ger for firms with greater environmental, social, and

corporate governance capabilities and those with longer

time horizons.
Managerial Summary: Companies are increasingly

exposed to the physical impacts of climate change, yet lit-

tle is known about how they adapt to these long-term,

systemic, and uncertain changes. This study investigates

corporate adaptation strategies in response to climate

change. By analyzing climate science data and climate

change disclosure information from publicly traded com-

panies worldwide, I find that most firms do not adapt to
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different physical climate change exposures. They adapt

more often and more completely when facing higher fore-

casted climate exposures. Furthermore, firms' environ-

mental, social, and corporate governance capabilities and

their time horizons influence their adaptation to greater

climate exposures. These findings suggest that targeted

interventions may be necessary to improve corporate

adaptation to climate change.

KEYWORD S

adaptation, capability, climate change, ESG, firm strategy, time
horizon

1 | INTRODUCTION

From American utilities to Australian builders and from Asian manufacturers to European
winemakers, corporations face increasing exposure to the direct, physical effects of climate
change. Extreme weather events, such as wildfires and floods, threaten to damage properties
and disrupt operations.1 More gradual changes, such as water and heat stress, threaten to
restrict access to needed resources and cause productivity losses.2 In addition, increasing physi-
cal climate exposures also impact firms indirectly, for example, through higher insurance pre-
miums and increased cost of debt (Hope & Friedman, 2018; Kling et al., 2021; Quinson, 2021).
Physical climate change exposures are inherently forward-looking and long-term, surpassing
typical managerial and business cycle time frames (Bansal et al., 2018; Carney, 2015; Flammer
et al., 2021; Wright & Nyberg, 2017). The nature of these exposures is dynamic and highly
uncertain, filled with model-selection ambiguities, unknown outcomes within a climate model,
and forecast uncertainties about future effects and financial implications (Barnett et al., 2020;
Pindyck, 2022, pp. 56–77). Moreover, climate change is systemic and impacts various sectors
and countries (Li et al., 2021; Winn et al., 2011). These long-term, uncertain, and systemic fea-
tures make physical climate change exposures different from short-term shocks or experienced
changes (Aghion et al., 2012; Anand & Singh, 1997; Eggers & Park, 2018; Flammer &
Ioannou, 2021), suggesting significant implications for firms' strategies (Howard-Grenville &
Lahneman, 2021; Linnenluecke et al., 2013).

Facing increasing physical exposures to climate change, it is critical for firms to adapt and
address its consequences. First, they need to adapt to external environmental changes for
their own survival and growth (Amit & Wernerfelt, 1990; Helfat & Martin, 2015; Tashman &
Rivera, 2016). Moreover, their adaptation is critical for the societies and communities they
serve (Surminski, 2013; Winn & Pogutz, 2013). Extant management literature on climate
change has primarily focused on firms' mitigation strategies—decreasing the firms' impact on

1For example, catastrophic wildfires worsened by climate change led to billions of dollars in damage and liability to
utilities such as Pacific Gas & Electric (Gold, 2019).
2Rising temperatures have increased cooling costs in energy-intensive data centers (Plumer, 2019) and caused
substantial labor productivity losses (The Australia Institute, 2020; Zander et al., 2015).
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the environment (Bolton & Kacperczyk, 2022; Hart & Dowell, 2011; Jira & Toffel, 2013;
Krueger, 2015). Climate change adaptation strategies that firms pursue to address the impact
of the changing environment are less well understood (Fankhauser, 2017; Howard-Grenville &
Lahneman, 2021; Linnenluecke et al., 2013). Prior works on climate change adaptation
include conceptual frameworks (Berkhout, 2012; Clement & Rivera, 2017; Howard-
Grenville & Lahneman, 2021), case studies (Canevari-Luzardo et al., 2020; Hamann
et al., 2020; Linnenluecke et al., 2012), and a small number of empirical works in selected
industries (Haigh & Griffiths, 2012; Weinhofer & Busch, 2013). These studies suggest that cli-
mate awareness and perception (Hoffmann et al., 2009; Linnenluecke et al., 2013; Pinkse &
Gasbarro, 2019) and experienced adverse climate patterns (Rivera & Clement, 2019;
Tashman & Rivera, 2016; Yoon et al., 2024) may influence firms' adaptation. What remains
unclear is firms' response to forecasted, rather than experienced, physical climate change
exposures.

This study advances the literature by examining whether and how firms adapt to forecasted
climate exposures. This focus is crucial, as climate change is fundamentally about future chal-
lenges and requires an inherently forward-looking perspective. Specifically, I propose that firms'
adaptation strategies depend on the level of climate exposures. Greater climate exposures will
increase the perceived impact of climate change—how companies perceive and interpret the
magnitude of the impact of climate change on their business operation and performance—
thereby driving greater adaptation. Furthermore, considering the uncertainties associated with
climate change in the future, firms' environmental, social, and corporate governance (ESG)
capabilities—firms' ability to integrate ESG concerns into their business models—should play a
significant role. Given the long-term nature of climate change, firms' time horizon—how far
into the future firms consider risks when making decisions—should influence their perceived
impact of climate change and adaptation strategies in response to higher climate exposures.

This article leverages novel datasets that enable a systematic investigation into these rela-
tionships. Quantifying a firm's physical climate change exposure is challenging. It cannot be
simply calculated based on historical weather data but demands the use of forward-looking pre-
dictions drawn from climate models (Dell et al., 2014; Hsiang, 2016; Li & Gallagher, 2022).
Equally complex is measuring adaptation, given the vast array of strategies that firms across
countries and industries might deploy in response to diverse climate exposures (Linnenluecke
et al., 2013). In addressing these challenges, I collect and use climate science data based on
geospatial, historical, and projection models developed by Four Twenty Seven (currently
Moody's). To measure firms' adaptation strategies, I hand-code the climate disclosure text that
publicly traded companies reported with CDP (formerly, the Carbon Disclosure Project). Then,
I merge these two datasets at the firm–climate exposure–year level. The final sample covers
1068 public companies headquartered in 43 countries across industries and their adaptation to
5 climate exposures: heat stress, water stress, sea-level rise, floods, and hurricanes/typhoons.
The descriptive results show that the average rate of adaptation across all firms and different
types of climate exposures is only 23%.

The empirical results suggest that firms are sensitive to the nature and level of forecasted cli-
mate change exposures, adapting more often and more completely to those most salient to their
business. Greater climate exposure leads to a higher perceived impact of climate change,
thereby increasing firms' adaptation efforts. Furthermore, the positive relationship between
firms' forecasted climate exposure and their adaptation is stronger for firms with greater ESG
capabilities and longer time horizons. Firms with longer time horizons perceive a greater mag-
nitude of climate change when facing higher climate exposures. However, I do not find that the
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positive relationship between firms' climate exposure and their perceived impact of climate
change is stronger for firms with greater ESG capabilities.

This article makes several contributions to the literature. First, it advances the body of
research on organizational adaptation to external changes (e.g., Adner & Helfat, 2003; Gulati
et al., 2005; Levinthal, 1997; Sarta et al., 2021). While previous studies have focused on organi-
zational responses to experienced stresses (Tashman & Rivera, 2016) or short-term shocks
(Aghion et al., 2012; Anand & Singh, 1997; Eggers & Park, 2018; Flammer & Ioannou, 2021),
this study examines firms' proactive adaptation to long-term and systemic changes. This distinc-
tion is significant because the dynamics governing adaptation to long-term, systemic changes
may differ from those governing responses to short-term ones. The findings underscore the
importance of forecasted climate exposures and time horizons in shaping firms' climate change
adaptation strategies. Second, it contributes to the sustainability literature (Brekke &
Nyborg, 2004; Hawn & Ioannou, 2016; Pinkse & Kolk, 2012; Tilcsik & Marquis, 2013) by
shifting the focus from firms' environmental and financial performance (Arag�on-Correa &
Sharma, 2003; Flammer, 2015; McWilliams & Siegel, 2001) to how ESG capabilities influence
corporate adaptive strategies in response to varying levels of climate impact, thereby extending
the understanding of ESG capabilities. Finally, this study uses innovative datasets to measure
firms' climate change exposures, adaptation strategies, and perceived impacts of climate change.
To the best of my knowledge, this is the first quantitative study that directly models perceived
impact of climate change and examines its relationship with climate exposure and adaptation.

2 | THEORETICAL FRAMEWORK

2.1 | Definition

In this study, physical climate change exposure (henceforth, climate change exposure or climate
exposure) refers to the assets and settings of firms that could be adversely affected by the physical
effects of climate change. It is also called physical climate risk in some academic literature
(Bolton & Kacperczyk, 2022; Flammer et al., 2021; Gu & Hale, 2023; Krueger et al., 2020;
Kunreuther et al., 2013) and in practice (CDP, 2016; McKinsey Global Institute (MGI), 2020;
TCFD (Task Force on Climate-related Financial Disclosures), 2017). Climate change may cause a
broad scale and scope of exposures (Gasbarro & Pinkse, 2015), such as water stress, heat stress,
excess rainfall, sea-level rise, wildfires, and hurricanes. These exposures can be categorized as
acute, such as discontinuous events like floods or hurricanes that will become more frequent and
intense because of climate change; or chronic, such as heat stress from rising temperatures and
water stress from droughts (TCFD (Task Force on Climate-related Financial Disclosures), 2019).

Climate change adaptation (henceforth, adaptation) is the “process of adjustment to actual
or expected climate and its effects” (IPCC AR6, 2022, p. 1758) to reduce negative impacts and/or
leverage positive ones. Firms can employ various measures ranging from insurance or business
continuity plans to innovation or M&A in response to the same climate exposure. Firms' adap-
tation to different climate exposures may vary. For instance, a firm might use more resilient
materials in response to heat stress and relocate its assets when facing sea-level rise. This article
defines adaptation strategy as a combination of different adaptation measures in response to
various types of climate exposure. Firms' adaptation can be classified into routine and non-
routine responses (Daft & Macintosh, 1981; Pinkse & Gasbarro, 2019). Routine adaptation mod-
ifies a firm's resource base and incorporates adaptation into previously established routine tasks
(Cyert & March, 1963; Kraatz & Zajac, 2001), not necessarily in relation to climate change
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(Reinhardt & Toffel, 2017). By contrast, nonroutine adaptation creates a resource base with new
actions taken specifically in response to climate change (Pinkse & Gasbarro, 2019). Figure 1
depicts different adaptation strategies in response to different climate exposures.

2.2 | Climate change adaptation strategy

Qualitative evidence suggests that business adaptation to climate change is limited (Bank &
Wiesner, 2011; Linnenluecke et al., 2013; Pinkse & Kolk, 2012). Firms may not have the capac-
ity to accurately estimate the effects of climate change, a measure that cannot be easily calcu-
lated based on historical data (Battiston & Monasterolo, 2020; Berkhout, 2012). Given the
ambiguity and uncertainties, managers may rely on heuristics that are biased toward
maintaining the status quo or underpreparing for future events (Dessaint & Matray, 2017;
Gavetti, 2012; Meyer & Kunreuther, 2017). Moreover, the vast spectrum of climate change
effects means adaptation to multiple exposures can be expensive (Fankhauser et al., 1999;
Kelly & Kolstad, 2005), prompting some firms to offload these costs, possibly to governments
(Keeler et al., 2022; Pindyck, 2022). In addition, dimensions such as time and location make
firms' adaptation more complex (Bansal, 2003; Pinkse & Gasbarro, 2019; Winn et al., 2011).

Previous literature indicates that both social and physical factors may influence firms' adap-
tation strategies. Socially derived factors involve awareness and perception of climate change3

(Berkhout, 2012; Canevari-Luzardo et al., 2020; Pinkse & Gasbarro, 2019). Climate change is an
enormous social challenge with complicated causal linkages spanning national boundaries and
different time horizons that complicate their ready solutions (Barnett et al., 2018; Reinecke &
Ansari, 2016; Rittel & Webber, 1973). Within organizations, conflicting perspectives and inter-
pretations of reality compete to define issues and develop solutions related to climate change
(Daft & Macintosh, 1981). Pinkse and Gasbarro (2019) developed a process model that incorpo-
rates climate perception and adaptation, drawing from qualitative evidence in the oil and gas
sector. Hoffmann et al. (2009) found that climate change awareness is a catalyst for adaptation
among Swiss ski-lift operators.

Physical factors encompass experienced climate events or stresses. Linnenluecke et al.
(2012) proposed a conceptual framework on organizational resilience to extreme weather
events. A small number of empirical studies on the relationship between historical climate
impact and adaptation have yielded mixed results. Tashman and Rivera (2016) found that
US ski resorts adopt natural-resource-intensive practices in response to historical winter
snowpack depth. By contrast, Hoffmann et al. (2009) did not observe significant impacts of
climate vulnerability in the past on adaptation among Swiss ski-lift operators. Meanwhile,
Rivera and Clement (2019) found an inverted U-shaped correlation between historical tem-
perature and adaptation in US ski resorts. Building on the extant literature, this study
explores how firms proactively adapt to forecasted physical climate exposures, rather than
how they reactively respond to experienced climate threats. This emphasis is essential
because climate change primarily involves future challenges and naturally demands a
forward-looking perspective.

3Climate change awareness refers to whether companies or people are aware of threats from climate change. Perceived
impact of climate change refers to how companies perceive and interpret the magnitude of the impact of climate change
on their business operation and performance. The former is about whether climate stimuli are noticed; the latter is
about how climate impacts are being interpreted.
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2.3 | Climate exposure and adaptation strategy

An organization's dynamic capabilities focus on its ability to adapt to change (Eisenhardt &
Martin, 2000; Helfat & Martin, 2015; Teece et al., 1997). This perspective views firms as capable
of developing resources to survive and grow under changing conditions (Helfat et al., 2007;
Teece, 2007). Climate change can increase the risk of severe weather events that cause property
damage and business interruptions and can lead to gradual environmental changes that reduce
a company's resource availability and labor productivity. Accordingly, by purposefully modify-
ing the resource base and adapting to climate change, firms can reduce production costs and
increase operational efficiency (Amit & Wernerfelt, 1990), establish alternative natural sources
subject to less uncertainty (Tashman & Rivera, 2016), explore innovative opportunities
(Eggers, 2012), and improve competitive advantage (Helfat & Martin, 2015; Teece et al., 1997).
For example, Juniper Networks migrated part of its headquarter labs from Sunnyvale to Quincy,
California, to reduce the impact of sea-level rise on its operations; Sumitomo Chemical has
developed chemical agents that enhance the ability of plants to withstand heat stress and
drought.4

The magnitude of forecasted climate exposure is pivotal for adaptation decisions because the
intensity or the speed of future changes can influence organizational adaptation (Teece
et al., 1997). The signs of climate change might be ambiguous to some and difficult to differentiate
from normal weather variations (Barnett, 2001; Berkhout et al., 2007; Weinhofer & Busch, 2013).
Anecdotal evidence suggests that while firms generally respond to extreme weather events when
they experience them directly, they may not attribute these events to climate change.5 Thus, they
may not initiate climate-related actions after such events resolve. Unlike past climate threats that
may provide ambiguous signals about future impacts, higher forecasted climate exposure indi-
cates a clearer and more significant risk to firms. Firms facing such exposures will likely
encounter more frequent and intense physical changes, resulting in financial consequences. Addi-
tionally, these changes are expected to occur over a shorter time frame compared with firms hav-
ing lower exposure. Given the heightened likelihood of climate impact, the expected benefits of
adaptation are more likely to outweigh the associated costs, driving firms to overcome organiza-
tional inertia and adapt to the probable changes (Dessaint & Matray, 2017; McKnight &
Linnenluecke, 2019; Meyer & Kunreuther, 2017).

Companies can derive insights on climate exposures in the future from their own assess-
ment and from external experts. For instance, international institutes, such as the IPCC and
some industry associations, can provide general information about forecasted climate exposure
at a regional or industry level, and some environmental consultants and (re)insurance compa-
nies can provide more specific predictions at a firm or asset level. The climate science informa-
tion can help shape firms' climate strategies.

Based on the above insights, I expect that increased climate exposures can predict a firm's
proactive adaptation:

4Information from CDP reports.
5For example, as disclosed in one CDP report, one utility company in the United States responded to drought through
risk-management procedures but claimed that it “cannot predict whether long-term changes in frequency of severe
weather events due to climate change will have more of an impact on the electric distribution infrastructure than
normal year-to-year variations in severe weather events.”
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Hypothesis H1. The greater the forecasted climate exposures, the greater the
degree of firms' adaptation to climate change.

2.4 | Perceived impact of climate change

Adaptation is not only a decision based on cost–benefit analyses but also a complex process
involving the perception and interpretation of climate impacts (Berkhout, 2012; Simon, 1991).
The ways in which companies recognize and interpret the impacts of climate change can shape
varying levels of adaptation effort (Pinkse & Gasbarro, 2019). In this section, I unpack the per-
ception mechanism underlying firms' adaptation decisions in response to forecasted climate
exposures. The perceived impact of climate change is defined as how companies perceive and
interpret the magnitude of the impact of climate change on their business operation. Firms with
heightened climate exposure are more likely to perceive greater impacts from climate change,
leading them to develop dynamic capabilities for adapting to future changes.

First, when firms face greater forecasted climate exposures, they are more likely to perceive
the uncertainty of climate change as less ambiguous and interpret the threat as more impactful.
Signs of climate change, often ambiguous (Barnett, 2001; Weinhofer & Busch, 2013), may lead
firms to view extreme weather events as isolated rather than systemic. However, those with
higher forecasted climate exposure are more likely to encounter an increased frequency and
intensity of such events in the future. This heightened exposure encourages them to link
extreme weather events and stresses directly to climate change. This recognition transforms
their perceived threat of climate change to a greater and more pressing concern.

Second, higher climate exposures signal not just a more intense impact but also a nearer
impact. While climate change is fundamentally a long-term issue, its manifestations can vary in
immediacy. Given the tendency for corporate myopia (Holmstrom, 1999; March, 1991;
Stein, 1988), the immediacy of climate impact can translate into greater tangibility of this issue
and increase managers' perception. Shorter-term manifestations of climate change highlight the
downside of inaction and emphasize the need for timely adaptation strategies.

Third, firms expecting greater climate exposures in the future tend to engage more deeply
with scientific data, leading to greater concerns about climate change. The nature of unprece-
dented climate impacts necessitates a reliance on scientific sources for insight (Battiston &
Monasterolo, 2020; Berkhout, 2012). Greater engagement with scientific information not only
results in more accurate interpretations but also translates into greater concerns about future
exposure and the perceived need for adaptation (Linnenluecke et al., 2015). Combining the
above insights, I hypothesize the following:

Hypothesis H2. Greater forecasted climate exposures increase the perceived
impact of climate change, thereby increasing the degree of firms' adaptation to cli-
mate change.

2.5 | ESG capabilities

ESG refers to how companies integrate ESG concerns into their business models (Gillan
et al., 2021). It includes a firm's activity in response to stakeholder pressure or demands for
emissions reduction, workforce diversity, community involvement, and other environmentally
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and socially responsible practices (Cao et al., 2019; Waddock, 2008; Zollo et al., 2013). In this
study, I define ESG capabilities as firms' capabilities to integrate ESG concerns into their busi-
ness models. They are intangible firm resources and capabilities with multiple uses and benefits
(Hawn & Ioannou, 2016).

Firms with superior ESG capabilities are more likely to have organizational resources to not
only manage their environmental and social impacts well (Arag�on-Correa & Sharma, 2003) but
also to influence their adaptation strategies. ESG capabilities enable firms to process climate-
related information and interpret climate exposure differently. Furthermore, it can provide
firms with knowledge and resources to more effectively respond to the changing environment.6

As discussed in Section 2.2, high degrees of uncertainty, ambiguity, and conflicting interpre-
tations of reality are associated with climate change exposure (Daft & Macintosh, 1981), and
they compete to define climate issues and develop solutions. The ESG capabilities of firms can
help address this equivocality. Firms with better ESG capabilities are more likely to connect
extreme weather events with climate change and to accept the responsibility framing for cli-
mate change adaptation (Reinecke & Ansari, 2016).

First, firms with better ESG capabilities may have organizational processes in place to address
a broad set of climate change issues. They can be more sensitive to stakeholders' concerns about
environmental and social issues in general and thus allocate focus to physical climate exposure. A
firm's choice of adaptation is not only driven by objective climate exposures but also influenced
by subjective factors such as climate change awareness (Arnell & Delaney, 2006; Gasbarro &
Pinkse, 2015; Hoffmann et al., 2009; Linnenluecke & Griffiths, 2010). Although most stakeholder
concerns focus on climate change mitigation, such as reducing GHG emissions and developing
renewable energy, they may spill over to related dimensions including adaptation. Firms' overall
awareness of climate change is likely to correlate with the perceived impact of climate change,
which motivates them to search for ways to adapt when facing greater climate exposures.

Second, the perceived impact of climate change also depends on the ability to process infor-
mation about climate exposures (Fankhauser et al., 1999; Linnenluecke et al., 2015) and the
knowledge firms have of the ecosystems in which they operate (Arag�on-Correa &
Sharma, 2003; Hart, 1995; Pinkse & Gasbarro, 2019). Firms with better ESG capabilities can bet-
ter notice, absorb, and process climate-related information to interpret its impact on their busi-
ness. For example, CLP Holdings started to conduct a climate change adaptation study for its
power assets in different countries in 2011. Their earlier efforts on ESG practices enabled their
awareness of different aspects of climate change beyond reducing GHG emissions and
their assessment of the potential climate exposures of their power assets.7 These points lead to
the following hypothesis:

Hypothesis H3a. The positive relationship between firms' climate exposures and
their perceived impact of climate change is stronger for firms with greater ESG
capabilities.

Firms' ESG capabilities can also provide firms with better internal and external competen-
cies to more effectively respond to the changing environment (Teece et al., 1997). Better ESG

6Note that firms' ESG capabilities may also heighten the structured organizational attention (Hoffman & Ocasio, 2001)
and increase their adaptation to greater climate exposure. Future research can further explore decision-makers'
attention in this process.
7Climate disclosure from a 2012 CDP report.
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capabilities improve a firm's human resource capabilities (Brekke & Nyborg, 2004), strengthen
connections with local communities (McKnight & Linnenluecke, 2016; Pinkse & Kolk, 2012;
Tilcsik & Marquis, 2013), encourage knowledge-sharing with suppliers (Dyer & Singh, 1998),
promote favorable access to local infrastructure (Fombrun, 1996), and increase innovation
(Flammer & Kacperczyk, 2016). These capabilities can help firms adapt better when facing
greater climate exposures.

ESG covers numerous aspects associated with resource use, emissions reduction, and collab-
oration with communities, which are particularly relevant and transferable to the climate
change adaptive capability of companies. For example, the efforts that Anglo American made to
measure and reduce GHG emissions as part of its ESG efforts enabled it to better understand
different climate scenarios. The knowledge it developed to reduce its environmental impact hel-
ped the company work with regional teams to understand and explore the climate impact on
projects in different regions under different climate scenarios. In addition, its experience work-
ing with communities and government entities on climate change mitigation research strength-
ened its capability to work with these stakeholders on a climate change adaptation study that
ranked all group operations and projects for climate vulnerability.8

Along with environmental and social performance, corporate governance can influence a
company's tendency and capability to adapt. Effective corporate governance aims to align man-
agers' interests with shareholders to increase the firm's long-term value and exert better board
oversight of their company's risk management (Adams, 2012; Gupta & Leech, 2014), which
includes climate risks. Accordingly, firms with better corporate governance are more likely to
accurately assess their climate risk exposures and initiate strategies to adapt to climate change.

In sum, ESG capabilities provide an asset orchestration function (Helfat et al., 2007)
between the organization and the environment and influence a firm's adaptive capability. This
motivates the following hypothesis:

Hypothesis H3b. The positive relationship between firms' climate exposures and
their adaptation strategies is stronger for firms with greater ESG capabilities.

2.6 | Firms' time horizon

A firm's time horizon refers to the temporal distance into the past and future that a company
typically considers when contemplating events that happened in the past or may happen in the
future (Bluedorn, 2002). This concept is particularly relevant to firm strategies in response to
climate change, which inherently span a long period of time. In this study, I define firms' time
horizon as how far into the future firms consider events and risks when making decisions.
Firms with longer time horizons focus more on the remote future, while those with shorter time
horizons focus more on the present or near future (DesJardine & Bansal, 2019).

The temporal preferences and time horizons of managers can influence their perceived
impact of climate change and decisions in climate change adaptation. Many, if not most, of
the time horizons of business management are much shorter than the timescale of climate
change impacts. Research suggests that managers tend to be myopic and favor investments
that pay off in the short run at the expense of potential long-term benefits (Flammer &
Bansal, 2017; Holmstrom, 1999; Slawinski & Bansal, 2015; Stein, 1988). For these reasons,

8Climate disclosure from a 2014 CDP Report.
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even if the long-term returns from adaptation were higher than the cost, firms might not pur-
sue these strategies.

Firms with longer time horizons, however, are more likely to develop capabilities to per-
ceive and interpret climate exposures differently. They are more inclined to consider future cli-
mate events, as these occurrences align more closely with their extended planning time frame.
Such companies place greater emphasis on the long-term adverse effects of climate change and
are less likely to overly discount future risks. They are more likely to recognize how future cli-
mate conditions intersect with their current strategies and perceive the impacts of climate
change as more significant and probable. Based on these points, I propose the following
hypothesis:

Hypothesis H4a. The positive relationship between firms' climate exposures and
their perceived impact of climate change is stronger for firms with longer time
horizons.

Firms with longer time horizons not only perceive climate exposures differently, they also
have stronger incentives to respond to these exposures and invest more in adaptation. First,
firms' temporal dimension affects the saliency of new challenges and managers' attention to
address these challenges (Bansal, 2003; Ocasio, 1997). Previous studies indicate that organiza-
tions with longer time horizons tend to invest in projects with longer payback periods, such as
innovation (Flammer & Bansal, 2017). Similarly, while climate change adaptation incurs signifi-
cant costs, it offers substantial long-term benefits (IPCC AR6, 2022). Firms with longer time
horizons tend to value these long-term benefits more, reinforcing their capabilities to commit to
adaptation strategies.

Second, firms with a long-term focus are prone to establish and fortify relationships with
their stakeholders (Slawinski & Bansal, 2012). Stakeholders, especially local communities
affected by climate change, may exert pressure on firms to act responsively toward physical cli-
mate exposures. Companies with longer time horizons are more inclined to collaborate with
stakeholders and local communities in climate change adaptation. This stakeholder engage-
ment further bolsters their adaptive capability, ensuring that they remain responsive and resil-
ient in the face of evolving climate challenges. These considerations form the basis of the
following hypothesis:

Hypothesis H4b. The positive relationship between firms' climate exposures and
their adaptation strategies is stronger for firms with longer time horizons.

3 | DATA

3.1 | Climate change exposure

The assessment of firms' physical exposures to climate change requires climate science to con-
duct a forward-looking analysis, because climate exposures in the future cannot be derived from
historical weather data alone (Dell et al., 2014; Hsiang, 2016; Li & Gallagher, 2022). In this
study, I measure the level of forecasted climate exposure by using Four Twenty Seven's physical
climate risk scores.
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Four Twenty Seven evaluates the magnitude of various types of climate exposure of each
facility according to its specific location and the nature of its activity. It estimates climate expo-
sure based on geospatial, historical, and projection models at facility locations and uses the
period 1975–2005 as a historical benchmark. It further projects future states in 2030–2040 under
a business-as-usual scenario and establishes a basis for how climate is expected to shift over
time at a given location by comparing future projections against the historical baseline. The
criteria for the analysis include detailed climate change projections that measure the relative
degree of change in extreme events, such as intensity and frequency of rainfall, high tempera-
tures, cyclone activity, coastal flooding, and water stress. Four Twenty Seven translates these
raw indicators of physical climate exposures (e.g., 1�C increase in temperature; 20% more
intense rainfall) into a globally comparable standardized score ranging from 0 to 100 across haz-
ards and locations, with higher scores indicating greater climate exposures.9 Online
Appendix A provides methodological details, including the scoring process for each type of cli-
mate exposure.

Along with climate modeling at specific locations where facilities are located, Four Twenty
Seven assigns a series of sensitivity factors to facilities based on the nature of their activities.
These factors vary by type of climate exposure, reflecting the sensitivity of the company's activi-
ties to the corresponding risk factor. For example, a thermal power plant is more sensitive to
water stress than an office because it requires more water for cooling. As a result, a power plant
receives a higher water stress score than an office located in the same area. Appendix A pro-
vides details of how these adjustments are made for certain types of climate exposure, such as
heat stress and water stress.

To determine company-level climate exposure scores, Four Twenty Seven aggregates the cli-
mate exposure of all of a firm's facilities, ranging from manufacturing sites and warehouses to
offices and retail facilities. The data include facilities that are at least 50% owned by a company.
No weighting is applied based on ownership. Facilities that are being developed and not yet
operational are not included. The global database of corporate facilities consists of more than
1 million sites located in 200 countries and 23 Global Industry Classification Standard (GICS)
industry groups.10

In this study, I focus on the climate exposures of firms' direct operations, and not their
market- or supply-chain-related risks. As detailed in Appendix A, both supply-chain and market
climate exposures are evaluated at the national or industry level by Four Twenty Seven. These
evaluations do not provide the same level of detail as those provided by the climate exposures
of a firm's direct operations, which are based on facility information.

The predicted climate exposure scores are generated in 2019 by Four Twenty Seven. The
scores are at the firm–climate exposure level. Due to the data availability and consistency dis-
cussed in Section 3.2, my sample covers the period from 2011 to 2017. I assume that predicted
climate exposure scores are the same for each firm and each type of climate exposure during
the sample period. This is a reasonable assumption because a company's forecasted climate
exposures would stay the same if its facilities are the same with no major relocation or M&A
activities. In the robustness check, I exclude firms with major M&A activities, and the results

9The scores measure how an entity is exposed to historical and projected climate exposures, not potential financial or
economic impacts, which depend on numerous factors (including climate exposure) and are difficult to evaluate. A
higher score indicates that a particular type of climate exposure is more salient to an entity.
10All company facilities are weighted equally because data about each site's value or contribution to a company's
revenues are not available.
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remain robust. The dataset includes 2233 public companies11 headquartered in 47 jurisdictions
and includes the assessment of several types of climate exposure, including heat stress, water
stress, sea-level rise, floods, and hurricanes/typhoons.

3.2 | Disclosed climate change adaptation strategies

Measuring firms' adaptation to climate change is complex. First, the set of potential strategies is
large and heterogeneous (e.g., firms can use alternative materials in response to heat stress,
while relocating their assets when facing the risk of sea-level rise). Second, adaptation strategies
cannot easily be compared and translated into a single quantitative measure.

To overcome measurement difficulties, I use the disclosed adaptation of firms to approxi-
mate their adaptation strategies and manually code the disclosure data. I obtain these climate
disclosure reports from the CDP. Each year, public firms provide comprehensive information
on their climate risks and management methods in response to a survey from CDP, mainly
driven by pressures from investors (Kolk et al., 2008). These surveys collect information about
firms' physical and transition climate risks, climate change opportunities, GHG emissions, and
climate change mitigation and adaptation strategies. The sample period is 2011–2017, during
which the CDP survey consistently asked for physical climate risk information.12

I read through all firms' disclosed adaptation strategies in CDP reports and perform two
rounds of intensive manual text coding. The first round consists of inductive coding of the dis-
closed adaptation activities of 1000 firms in 2017, which generates a list of 23 categories of adap-
tation strategies. I partly use the categories of existing studies, such as buffer, diversification,
innovation, and ecosystem-based adaptation (Goldstein et al., 2019; Tashman & Rivera, 2016;
Yoon et al., 2024). Some of the categories emerge from my analysis because this study covers
more industries, climate exposures, and a longer period. For example, JBS assumes advance
purchases of financial derivative contracts to purchase agricultural commodities, and I code it
as Risk Transfer. Three researchers code the firms' disclosed adaptation measures into different
categorizations, and the interrater agreement is above 95%. The categories and definitions are
summarized in Table 1. Examples of different categories of adaptation are detailed in Table B.1
in Appendix B.

The second round consists of using this list of categories to code the remaining firms and
years. I code a category equal to 1 for a firm that discloses adaptation to one type of climate
exposure in a specific category, and equal to 0 if not. I iterate this process for each category, and
the final outputs result in 23 scores for each firm and each type of climate exposure in each
year. For firms that do not disclose any adaptation to a specific type of climate exposure, I fill in
all categories as zero. Some firms do not disclose climate-related information in certain years
(i.e., not all firms disclosed climate information consistently from 2011 to 2017). Because I do
not know why some firms opt out in certain years, I treat these cases as missing data. The
results are still robust when I assume the missing data are zero.

11Four Twenty Seven data cover most large public companies. For instance, the 2019 climate exposure data cover 94% of
S&P 500 companies; 83% of the companies in the dataset are multinational companies.
12The CDP changed the questionnaire in 2011 and 2018. Accordingly, I did not include the years prior to 2011 and after
2017 in the baseline. In 2017, the CDP sent the questionnaire to over 6000 companies, covering all S&P 500 companies,
and received responses on physical climate risks and adaptation strategies from 2003 companies.
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As with most corporate disclosures, firms' disclosed adaptation in CDP reports may not
accurately reflect their actual practices because of selective disclosure, such as greenwashing or
brownwashing (Callery & Perkins, 2021; Kim & Lyon, 2011; Lyon & Maxwell, 2011). However,
the selective disclosure possibilities of adaptation are likely lower than firms' environmental
practices. Unlike firms' impact on the environment, there are few regulations on how firms
adapt to the changing environment. Thus, firms' inadequate adaptation measures are not likely
to trigger immediate regulatory risk the way the poor management of toxic emissions does. Fur-
thermore, because most ESG rating agencies had not incorporated firms' adaptation to climate
exposures into their rating scope by 2017 (the last year of the sample period), firms may not

TABLE 1 Coding for climate change adaptation strategies.

Form Category Definition

Routine Risk assessment Risk identification, risk monitoring, risk modeling, risk profiling

Risk management Different risk management plans such as safety management,
crisis management, disaster management, loss prevention plan,
business continuity plan (BCP)

Risk transfer Insurance and other financial instruments such as derivatives

Supplier management Supplier and procurement diversification

Enterprise risk
management (ERM)

Development of firm-wide strategies to identify and prepare for
hazards with a company's finances, operations, and objectives

Buffer Building more facilities, preparing more stocks

Other routine adaptation Other routine adaptation measures

Nonroutine Hard technology Adopting physically tangible new designs and technologies

Soft technology Adopting physically non-tangible technologies such as a new IT
system, digital technology, platform

Resilient input Adopting more resilient inputs and materials

Diversification of market Targeting at and investing in alternative markets

Diversification of product Producing different types of products

Diversification of location Building assets or factories at alternative locations

Corporate strategy Considering climate issue when making Investment, Mergers &
Acquisition (M&A), Joint Venture (JV), and spin-off decisions

Substitution Decisions regarding self-production or outsourcing

Relocation Relocation of factories or headquarters

Ecosystem-based
adaptation (EbA)

Cooperating with ecosystems

Research and
Development (R&D)

Research, new product or new technology development

Stakeholder engagement Engagement with stakeholders such as communities and
governments

Energy reduction Reducing energy use, using renewable energy

Water management Reducing water use, reusing, seeking alternative water sources

Climate study Climate specific assessment/study at the corporate level

Other nonroutine
adaptation

Other nonroutine adaptation measures
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have incentives to use linguistic tactics in disclosing their adaptation strategies to influence
environmental ratings (Fabrizio & Kim, 2019). For instance, 32% of firms in the sample disclose
their climate exposures but do not report adaptation measures with the CDP.

I use Adaptation to measure whether a firm initiates an adaptation strategy. It is a dummy
variable equal to 1 if a company has one or more adaptation strategies directed to a specific cli-
mate exposure and 0 otherwise. I use Adaptation Breadth to measure the diversity and extent of
firms' adaptation by pursuing different strategies simultaneously. To construct Adaptation
Breadth, I follow Hoffmann et al. (2009) and Slawinski and Bansal (2015) and count the number
of adaptation categories a firm has in response to each type of climate exposure.

Following the definition in Section 2.1, I classify firms' adaptation strategies into two
types, Routine and Nonroutine, depending on different levels of effort firms make in changing
their resource base and developing adaptation strategies in response to climate change. Rou-
tine adaptation focuses on the familiar characteristic of problems and potential solutions
(Gavetti, 2012). For example, when facing sea-level rise, firms may assess their risk profile,
secure backup power generators, purchase insurance, or create a business continuity plan as
part of routine risk management. These enable firms to develop operational capabilities to
maintain business as usual (Dosi et al., 2000; Nelson & Winter, 1982; Scott, 1981). They
require less information processing and fewer resources, and they are usually operated by one
unit within the organization.

By contrast, nonroutine adaptation involves building or reconfiguring internal and external
competencies (Teece et al., 1997), changing a firm's boundaries (Scott, 1981), or shifting to a new
mode of management (Clement & Rivera, 2017; Hannah et al., 2013; Scott & McBoyle, 2007). For
example, when facing heat stress, firms may innovate or adopt new technologies that use less
energy for cooling, develop crops more resilient in warmer temperatures, or diversify their loca-
tions. In many cases, this involves multiple departments within an organization and therefore is
more disruptive to the organization.

The two types and underlying categories are detailed in Table 1. Overall, there are six outcome
variables: three measurements for Adaptation—Adaptation, Routine Adaptation, and Nonroutine
Adaptation—and three measurements for Adaptation Breadth—Adaptation Breadth, Routine
Breadth, and Nonroutine Breadth.

3.3 | Perception, ESG, and time horizon

I measure Perception, that is, the perceived impact of climate change, by using firms' disclosed
magnitude of climate impact in their CDP reports. Each year the CDP asked companies to
describe their inherent risks driven by changes in physical climate parameters for each type of
climate exposure. These include the magnitude of impact, ranging from “Low” to “High” with
five choices.13 I code different levels of magnitude by using scores from 1 to 5 (1 = “Low”;
2 = “Low-Medium”; 3 = “Medium”; 4 = “Medium-High”; 5 = “High”). A higher score indicates
a higher perceived impact of climate change.

To measure firms' ESG capabilities, I use the ESG score provided by Refinitiv (previously
ASSET4), which is one of the most comprehensive ESG scores used in the literature (Flammer
et al., 2021; Hawn & Ioannou, 2016). A higher ESG score indicates better ESG capabilities. I

13Responses in Section CC5.1b of CDP reports.
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consider three main categories classified by Refinitiv: environment, social, and corporate gover-
nance. To further distinguish ESG capabilities and their various effects, I follow Hawn and
Ioannou (2016) and categorize ESG into Internal ESG and External ESG. In addition, I collect
alternative ESG ratings from MSCI ESG STATS and Sustainalytics in lieu of Refinitiv data. The
results are robust.

I measure Time Horizon by using firms' disclosed risk time horizon in their CDP reports.
Since 2014 the CDP has asked companies to describe “how far into the future are risks consid-
ered?” at the corporate level and provides four choices.14 I code firms' time horizon by using
scores from 1 to 10 (1 = up to 1 year; 3 = 1–3 years; 6 = 3–6 years; 10 = >6 years). A higher
score indicates a longer time horizon. In addition, I use different coding for the scores
(e.g., 1 = Up to 1 year; 2 = 1–3 years; 3 = 3–6 years; 4 = >6 years). The results are robust.

3.4 | Control variables

I construct firms' financial control variables based on data from Compustat. Size is the natural
logarithm of the book value of total assets. Return on Assets (ROA) is the ratio of operating
income before depreciation to the book value of total assets. Leverage is the ratio of debt (long-
term debt plus short-term debt) to the book value of total assets. Cash holding is the ratio of
cash and short-term investments to the book value of total assets. FirmAge is the year in the
analysis minus the year a firm was founded. The inclusion of control variables mitigates
the possibility that the findings are driven by some firm-year-level omitted variables. For exam-
ple, it could be that larger companies or companies with more cash holdings have more
resources to adapt. In addition, larger firms may be under more intense public scrutiny, which
may lead to more action. Controlling for firm size and cash holdings addresses this potential
confounding influence. Similarly, the other controls account for differences in performance
(ROA and market-to-book) and financing policies (leverage and cash holdings) that may corre-
late with decisions to adapt.

I calculate other firm-level control variables based on facility statistics from Four Twenty
Seven. Diversity is the number of GICS industry groups that a firm's facilities cover. Multination
is a dummy variable and equals 1 if a firm has operations in countries outside its headquarters.
I also include some country-level controls. Climate Awareness is the percentage of people who
believe climate change is a serious concern in a given country. I collect this information from a
cross-sectional survey conducted across 119 countries (Lee et al., 2015) by Gallup World Poll.
Carbon Pricing Coverage is the percentage of CO2 emissions that are covered by carbon pricing
initiatives—carbon tax or emissions trading systems—in a given country each year. I collect car-
bon pricing information from Our World in Data.15

3.5 | Sample selection

I merge firms' adaptation data with financial data at the firm and year level. I perform firm-
level matching using the International Securities Identification Number (ISIN) as the primary

14Responses in Section CC2.1a of CDP reports. For years before 2014, I assume firms' time horizons are the same as
those in 2014.
15https://ourworldindata.org/carbon-pricing.
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identifier. I merge the adaptation data with climate exposure data at the firm–climate exposure
level, as illustrated in Figure B.2 of Appendix B. For matching at the climate exposure level, I
manually adjust the climate exposure names in the CDP data based on textual descriptions of
different types of exposures to match the names and definitions of climate exposures in the
Four Twenty Seven data. The final sample covers adaptation strategies of 1068 public compa-
nies headquartered in 43 countries in response to five types of climate exposure between 2011
and 2017.16 Table 2 provides definitions and summary statistics for the variables used in the
analysis.

In addition to quantitative data, I collect some qualitative evidence to facilitate the interpre-
tation of the empirical results. First, I interview 12 sustainability directors/consultants in the
United States and Asia. Second, I review the CDP reports, sustainability reports, and annual
financial reports of over 1500 firms between 2010 and 2019, which provide textual information
on firm adaptation. Online Appendix C provides more information on the qualitative evidence.

4 | METHODOLOGY

To assess firm adaptation in response to the level of forecasted climate exposures (H1), I esti-
mate the following model in the baseline:

Adaptirt=αi+αr+αt+βClimateExposureir+γ0Xit−1+εirt ð1Þ

The unit of analysis is firm–climate exposure–year. Firms are indexed by i; exposures are
indexed by r; and years are indexed by t. Adaptirt is a generic term standing for one of the six
outcome variables described in Section 3.2. ClimateExposureir measures the level of exposures
to climate change of company i for climate exposure r. Note that climate exposure varies across
firms and exposures, but not across years. The regression includes fixed effects for each firm αi,
climate exposure αr, and year αt, and a vector of control variables X, including Size, ROA, Lever-
age, Cash Holdings, Climate Awareness, and Carbon Pricing Coverage. I denote the residual as
εirt , and cluster standard errors at the firm level.

I estimate Equation (1) using ordinary least squares (OLS).17 The coefficient of interest is β,
which measures the relationship between climate exposures and the likelihood or scope of a
firm's adaptation strategies. The firm fixed effects control for unobserved factors that might lead

16To assess whether the companies disclosing climate information through the CDP are representative of the broader
universe of public firms, I focus on S&P 500 companies and compare firms with and without CDP climate exposure
disclosure. As shown in Table J.1 in Appendix J, the two groups of firms are similar in most aspects, such as climate
exposure scores and financial performance. The companies disclosing climate exposure information through the CDP
are larger. To assess whether companies in the merged sample are representative of all companies disclosing climate
information through the CDP, I consider all companies disclosing data through the CDP and compare firms with and
without climate exposure scores. As shown in Table J.2 in Appendix J, the two groups of firms are similar in most
aspects, such as financial performance and ESG performance. The only difference is that firms in the sample are larger.
While the size difference does not bias the estimates within the estimation sample, they can potentially restrict the
external validity of the findings. Whether the results of the study generalize to smaller companies is an important
avenue for future research.
17I also use logistic regression when outcome variables are binary. As detailed in Section 5.6, the marginal effect of
ClimateExposure on Adaptation in the logistic regression is the same as the coefficient estimated in the OLS model. In
other words, the OLS model with clustered standard errors provides coefficients that can be directly interpreted as
marginal effects in the logistic model.
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some firms to take more adaptation measures overall. A positive coefficient indicates that firms
are more likely to adapt to the specific types of exposure that Four Twenty Seven estimates are
most salient given the locations where they operate. The inclusion of climate exposure fixed
effects accounts for unobserved heterogeneity in the average costs and benefits of responding to
different types of climate exposure. For example, if it is more costly to adapt to certain types of
exposure, we might see less responsiveness for that category.

If we assume that climate exposures are exogenous, then Equation (1) estimates a
causal impact of physical climate exposure on adaptation strategies. Although this
assumption seems reasonable, there are two concerns. First, one might be concerned that
unobserved variables could lead to spurious correlations. For instance, the geographic
sorting of people with different attitudes toward climate might lead to a correlation
between physical climate exposure and firm strategies, even if the mechanism is not a
direct response to climate exposure per se but rather a correlation between the climate in
a particular location and the attitude of the managers who live there. Concerns of this type
should be addressed, however, by including firm fixed effects that capture any overall ten-
dency of a firm toward adaptation. Second, one might be concerned that firms' adaptation
strategies influence their climate exposure. If a firm adapts through measures that do not
involve location change, its exposures to climate change would not change. A firm's non-
location-related adaptation may reduce the financial impact of climate change, because
such adaptations may reduce the vulnerability and increase the resilience of its facilities.
However, it will not change its exposure to climate change, because it is only associated
with site location and the nature of its activities. If a firm adapts to climate change by
relocating its facilities or diversifying through M&A strategies, this could be a valid con-
cern. However, between 2010 and 2019, the CDP reports that less than 1% of firms
relocated their headquarters or facilities in response to climate exposures each year.
Although it is reasonable to assume climate exposure is exogenous, I avoid causal claims
because I cannot rule out all potential concerns.

To explore the role of the perceived impact of climate change, I conduct several analyses
that provide evidence on the channel described in H2—greater climate exposures increase the
perceived impact of climate change, thereby driving greater adaptation. First, I replace the out-
come variable in Equation (1) with a new variable, Perception, and assess the relationship
between forecasted climate exposure and the perceived impact of climate change. Second, I
employ a bootstrapping mediation regression analysis (Hayes, 2013; Preacher et al., 2007) with
1000 replications to test the indirect path from the explanatory variable (Climate Exposure) to
the outcome variable (Adaptation/Adaptation Breadth) through the mediator (Perception).

Next, to examine the moderating effects of ESG (H3a) and Time Horizon (H4a) on the rela-
tionship between Climate Exposure and Perception, I estimate a model that allows the impact of
climate exposure to vary with a firm's characteristics such as its ESG capabilities and time hori-
zon. Specifically, I estimate the following regression:

Perceptionirt ¼ αiþαr þαtþβ1ClimateExposureirþβ2Moderatorit−1

þ δ1ClimateExposureir �Moderatorit−1þ γ0Xit−1þ εirt

ð2Þ

Finally, to assess the moderating effects of ESG (H3b) and Time Horizon (H4b) on the rela-
tionship between Climate Exposure and Adaptation, I replace the outcome variable in
Equation (2) with Adapt and estimate the following specification:
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Adaptirt ¼ αiþαr þαtþβ3ClimateExposureirþβ4Moderatorit−1þδ2ClimateExposureir

�Moderatorit−1þ γ0Xit−1þ εirt

ð3Þ

5 | RESULTS

5.1 | Descriptive findings

Figure 2 shows firms' average probability of adaptation by climate exposure and suggests some
interesting findings. First, most firms do not adapt to most climate exposures. The average rate
of adaptation across all firms and exposures is 23%. The climate exposure with the highest prob-
ability of adaptation is flooding, although fewer than 30% of firms report adaptation to that
exposure. Several reasons may contribute to this. Firms may not have the capacity to accurately
estimate the effects of climate change. For instance, one US retail company stated that “due to
the lack of consensus on the magnitude and likelihood of sea-level rise, the company is chal-
lenged to develop a strategy to reduce this particular risk” (CDP, 2016). Also, adaptation to mul-
tiple exposures can be expensive. Furthermore, some companies focus on climate change
mitigation, not adaptation. One energy company in Canada disclosed that their “climate risks
are primarily concerned with policy and regulation changes, not with changes in physical cli-
mate parameters” (CDP Report, 2017).

Second, Figure 2 shows that firms adapt more through routine than nonroutine strategies.
A plausible explanation for this finding is that routine strategies are relatively quick to initiate.
They require fewer resources and companies are more familiar with these tasks compared with
nonroutine adaptation. Moreover, they can be easily justified even if there is no climate change.
For instance, one financial firm in Japan developed a business continuity plan not only for cli-
mate risks but also “for a major earthquake or the potential outbreak of a new strain of influ-
enza”.18 By contrast, shifting nonroutine adaptation is more difficult. A US financial company

FIGURE 2 Climate change adaptation by type of climate exposure.

18Climate disclosure from a 2017 CDP report.
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targeting low-income communities said that they could not easily withdraw from their existing
customers, even though their physical climate change exposure is high.19

Third, the differences in the adaptation rate between routine and nonroutine strategies are
salient for acute climate exposures like floods and hurricanes/typhoons, but not for chronic cli-
mate exposures like water and heat stresses. One possible explanation is that chronic climate
exposures bring gradual shifts in climate parameters and provide time for firms to respond.
Thus, firms might be more likely to adapt through nonroutine strategies. Appendix D provides
more detailed climate exposure and adaptation information by industry and climate exposure.

Figure 3 shows the evolution of adaptation strategies over time. Firm adaptation increases
over the sample period, particularly for adaptations that I categorize as nonroutine strategies.
While only about 7% of firms disclose nonroutine adaptation in 2011, that number increases to
13% in 2017. Nevertheless, firms are more likely to adapt through routine than nonroutine mea-
sures through the entire sample period. This suggests that firms take time to perceive, assess,
and respond to climate change. Firms' perceptions of climate change may evolve as new infor-
mation is gathered over time via climate-related weather events, news reporting of climate
events, and the publication of climate science studies. In addition, because routine adaptation
strategies typically require fewer resources and are relatively quick to initiate, firms may adopt
them at an early stage. Nonroutine adaptations need more time, and firms may adopt them
gradually at a later stage. Thus, it is not surprising the adoption of nonroutine adaptation grows
more over time compared with routine adaptation.20

5.2 | Climate exposure and adaptation strategies

I estimate the baseline specification in Equation (1) to test H1. The estimates show whether
firms facing greater forecasted climate exposures are more likely to adapt and how. Table 3 pre-
sents the results. Model 1 uses pooled cross-sectional regression with country-year-industry and

18%

24%

15%

19%

7%

13%

0%

5%

10%

15%

20%

25%

30%

2011 2012 2013 2014 2015 2016 2017

Ad
ap

ta
tio

n
Pe

rc
en

ta
ge

Adaptation by Year

Nonroutine

Routine

Aggregate

FIGURE 3 Climate change adaptation by year.

19Interview conducted on May 21, 2020.
20Appendix D presents additional descriptive statistics related to adaptation strategies. In particular, Table D.2 reports
the adaptation breadth data, which suggests similar results to the Adaptation dummy.
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climate exposure fixed effects. Model 2 uses Equation (1) with firm, year, and climate exposure
fixed effects. I conduct a Hausman Test and find that the differences in coefficients of
ClimateExposure between Models 1 and 2 are not systematic (Prob > chi2 = 0.7467). This fur-
ther suggests that the impact of climate exposures on firms' adaptation is likely to be
exogenous.

The results in Table 3 support H1 and indicate that when forecasted climate exposures are
greater, the degree of firms' adaptation increases in both likelihood and diversity, including both
routine and nonroutine adaptations. Specifically, the positive coefficients on ClimateExposure in
Model 2 suggest that a 1-standard-deviation (SD) increase of ClimateExposure is associated with a
6.1% SD increase in Adaptation Breadth (p < .001). Similarly, a 1-SD increase in ClimateExposure is
associated with a 5.8% SD increase in Routine Adaptation Breadth (p < .001) and a 3.9% SD increase
in Nonroutine Adaptation Breadth (p = .020). The results suggest that a firm is more likely to adapt
with a broader scope of adaptation to the specific type of climate exposure that is most salient for
that individual firm, including both routine and nonroutine adaptations.

The results have two implications. First, because all adaptation strategies require firm
resources and compete with other firms' strategic objectives, firms may be more likely to adapt
to some types of climate exposures that are more salient to them rather than adapt to all types
of climate exposure. They are also more likely to adopt a broader scope of adaptation strategies
in response to those climate exposures that are more salient. The results provide one explana-
tion for firms' reluctance to adapt, or their low adaptation rates, as I find in the descriptive
result (Figure 2). Second, the coefficients on ClimateExposure are not economically large. It is
likely that other factors influence firms' adaptation strategies, such as ESG capabilities and time
horizon, as discussed in the following sections.

5.3 | Perceived impact of climate change

To examine the mediating role of perceived impact of climate change, I conduct the following
analysis. First, I examine the relationship between firms' forecasted climate exposure and their
perceived impact of climate change. Table 4a suggests a positive relationship between the two.
A 1-SD increase in ClimateExposure is associated with a 5.4%-SD increase in firms' Perceived
Impact of Climate Change (p < .01). Furthermore, I conduct a bootstrapping mediation regres-
sion analysis that fits a single model and estimates the indirect effect of climate exposure on
adaptation. As shown in Table 4b, the indirect effect of ClimateExposure on Adaptation
(Breadth) through Perceived Impact of Climate Change is positive (p < .01), indicating that the
relationship between firms' climate exposures and adaptation is mediated by the perceived
impact of climate change. In addition, a firm's Perceived Impact of Climate Change is associated
with the firm's Adaptation (p < .01). The results support H2 and suggest that heightened cli-
mate exposures amplify firms' perceived impact, thereby driving greater adaptation.

5.4 | ESG capabilities

To examine whether the positive relationship between firms' climate exposures and their per-
ceived impact of climate change is stronger for firms with greater ESG capabilities (H3a), I esti-
mate Equation (2) and present the results in Table 5. Surprisingly, I do not find that ESG
positively moderates the relationship between climate exposures and the perceived impact of

LI 27

 10970266, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/sm

j.3674 by L
ondon B

usiness School, W
iley O

nline L
ibrary on [17/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



climate change. An explanation of the null result might be that the sample in the analysis con-
sists of firms reporting climate change information through the CDP. These firms are aware of
climate change in general, with a relatively high level of perceived impact of climate change
when facing a high degree of exposure, and a higher level in their ESG rating does not further
moderate this relationship. Future research could explore whether the results would still hold

TABLE 4 Perceived impact of climate change.

(a) Physical climate exposure and perceived impact of climate change

Model 1 Model 2

Perceived impact of climate
change

Perceived impact of climate
change

ClimateExposure 0.049 0.054

[0.019] [0.019]

Controls Yes Yes

Country-Industry-
Year

Yes

ClimateExposure FE Yes Yes

Firm FE Yes

Year FE Yes

N 21,363 19,857

R2 .250 .097

(b) Results of bootstrapping mediation regression analysis for relationships between climate
exposure, perceived impact of climate change, and climate change adaptation strategies

Adaptation Adaptation breadth

B SE
95% confidence
interval B SE

95% confidence
interval

Indirect effects mediated by perceived impact of climate change

Climate exposure 0.015 0.003 0.008 0.021 0.029 0.006 0.017 0.041

Direct effects

Climate exposure 0.012 0.003 0.006 0.018 0.036 0.008 0.021 0.052

Perceived impact 0.303 0.003 0.296 0.308 0.596 0.008 0.580 0.612

Total effects

Climate exposure 0.027 0.004 0.018 0.035 0.065 0.010 0.045 0.085

Perceived impact 0.303 0.003 0.297 0.308 0.596 0.008 0.580 0.613

Note: Unit of analysis is Firm-ClimateExposure-Year. The sample period is 2011–2017. All variables (except for dummies) are
standardized to a mean of 0 and a standard deviation of 1 for easy interpretation. (a) Outcome variables are Perceived Impact of

Climate Change. Climate Exposure is the climate exposure score. Robust standard errors clustered at the firm level are in

parentheses. Models 1 and 2 are analyses across different climate exposures and firms. Model 1 includes Country-Industry-Year
fixed effects and climate exposure fixed effects. Model 2 includes firm fixed effects, year fixed effects, and climate exposure fixed
effects. (b) Outcome variable is Climate Change Adaptation, including Adaptation (Dummy) and Adaptation Breadth.
Bootstrapping with 1000 replications is employed to test the significance of the indirect path from the explanatory variable
(climate exposure) to the outcome variables (adaptation/adaptation breadth) through the mediator (perceived impact of climate

change). B stands for bootstrapped coefficients. SE stands for bootstrapped standard errors.
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for companies with a lower awareness of climate change. In addition, I test the relationship
between climate exposure and ESG ratings, as shown in Appendix F (Table F.4), and find that
firm-specific climate exposures are not associated with their ESG ratings. This is possibly
because, during the sample period, most ESG rating agencies did not incorporate firms' physical
climate exposure in their rating criteria, and physical climate exposure differs significantly from
the environmental regulatory risks typically covered within the scope.

To test H3b and examine whether the positive relationship between firms' climate exposures
and their adaptation strategies is stronger for firms with greater ESG capabilities (H3a), I esti-
mate Equation (3). The results are also included in Table 5. The positive coefficient on the inter-
action term ClimateExposure × ESG in Model 2 (p = .025) indicates that a 1-SD increase in ESG
ratings increases the relationship between climate exposure and adaptation breadth in the base-
line by 35.8% (.024/.067 = .358). The results support H3b and imply that firms with better ESG
ratings obtain capabilities that enable them to adapt more when facing greater climate
exposures.

5.5 | Time horizon

Similarly, I examine whether the positive relationship between firms' climate exposures and
their perceived impact of climate change is stronger for firms with longer time horizons (H4a).
The results are presented in Table 6. The positive coefficient on the interaction term
ClimateExposure × TimeHorizon (p = .051) indicates that a 1-SD increase in the time horizon,
equivalent to approximately 3 years, strengthens the relationship between climate exposure and
perceived impact of climate change by 34.5% (.020/.058 = .345). The results support H4a
and suggest that firms with longer time horizons are more likely to perceive higher climate
exposures when facing greater climate exposures.

I also examine the moderating effect of firms' time horizon on the relationship between
their climate exposures and their adaptation (H4b). As shown in Table 6, the positive coefficient
on the interaction term ClimateExposure × TimeHorizon (p < .001) suggests that a 1-SD
increase in the time horizon, equivalent to approximately 3 years, enhances the relationship
between climate exposure and adaptation breadth in the baseline by 73% (.046/.063 = .730).
The results support H4b and imply that firms with longer time horizons adapt more when fac-
ing greater climate exposures.

5.6 | Robustness check

In Appendix E, I provide several robustness checks for the baseline analysis. In Table E.1 of
Appendix E, I use a logit specification when the outcome is Adaptation (Dummy) and obtain
average marginal effects for ClimateExposure. In Model 1, the marginal effect of
ClimateExposure on Adaptation in the logistic regression is the same as the coefficient estimated
in the OLS model, suggesting that the OLS model with clustered standard errors provides coeffi-
cients that can be directly interpreted as marginal effects in the logistic model. In Model 2, the
marginal effect of ClimateExposure on Adaptation in the logistic regression is larger than the
coefficient estimated in the OLS model. This occurs because, in the logistics model, when
the outcome variable is always 0 or 1 within firms, the observation would be dropped, and the
sample size is smaller than that in the OLS model. In other words, the OLS model is likely to be
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superior in this specific case, because it does not drop firms that have no variance in the out-
come from the estimation sample.

I find similar results when using alternative fixed-effects models (Table E.2), when using
alternative sets of control variables (Table E.3), when running cross-sectional analyses for
Model 1 from year 2011 to 2017 (Table E.4), when taking the log of ClimateExposure
(Table E.5), when aggregating outcome and explanatory variables to the firm level of analysis
(Table E.6),21 when using ordered logistic regression (Table E.7), and when excluding firms
with major M&A activities during 2011 and 2017 (Table E.8).

Appendix F reports several robustness checks for the moderating effect of ESG capabilities.
The results are robust when I use ESG scores from different rating agencies, such as
Sustainalytics and MSCI (Tables F.1 and F.2), and when I use the time-invariant 2011 Refinitiv
ESG score instead of the time-varying ESG data (Table F.3).

5.7 | Auxiliary analysis

5.7.1 | Decomposing ESG

Because ESG covers numerous aspects, I explore which aspect of ESG capabilities drives the
effect. First, I replace ESG with Environmental (E), Social (S), and Corporate Governance
(G) scores, and conduct similar regression analyses separately, as summarized in Tables F.5 to
F.7 in Appendix F. The results suggest that the ESG influence on adaptation to greater climate
exposure is mainly driven by firms' environmental and social performance, not corporate gover-
nance. I also further disaggregate ESG into the 10 subcategories as categorized by Refinitiv:
resource use (E), emissions (E), innovation (E), community (S), workforce (S), human rights
(S), product responsibility (S), CSR strategy (G), management (G), and shareholders (G), as
summarized in Figures F.1 and F.2 in Appendix F. I find positive moderating effects for
resource use, emissions, community, and CSR strategy, but not for the other subcategories. This
makes sense because these subcategories are more likely to have synergies with firms' climate
change adaptation.

Second, following Hawn and Ioannou (2016), I categorize ESG capabilities into internal and
external ESG. Internal ESG are actions firms take to achieve structural change (King
et al., 2005), and external ESG are actions firms take to gain organizational endorsement by
external constituents (McDonnell & King, 2013). As suggested in Tables F.8 and F.9 in
Appendix F, while both internal and external ESG have a positive moderating effect on the rela-
tionship between climate exposure and adaptation, firms' internal ESG has a stronger moderat-
ing effect (Prob > F = 0.0576).

5.7.2 | Different types of climate exposures

I also separately assess firms' adaptation to climate exposures within each type of climate expo-
sure and across firms. The results are summarized in Table G.1 in Appendix G. I find that the

21As suggested in Table E.6 in Appendix E, a higher level of firms' aggregated climate exposure increases their overall
Adaptation Breadth (p = .084) and Routine Breadth (p = .094) but not their Nonroutine Breadth (p = .281). It is
plausible that when combining different climate exposures at the firm level, the measurement becomes noisy.
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relationship between the level of climate exposure and adaptation is most salient for water
stress. For floods, however, the relationship is not statistically different from zero. One potential
explanation is that many companies have been adapting to flood risk, particularly through rou-
tine measures (e.g., purchasing flood insurance) as suggested in Figure 1, and they do not do
much more when facing greater flood exposure. For instance, an executive of a US financial
company stated that the company leadership is well aware of their flood exposure, but they
have not paid much attention to it because they have flood insurance in place and the insurance
premium has not increased much.22 Table G.2 in Appendix G suggests that firms are less likely
to use nonroutine adaptation strategies when the insurability of one climate exposure is higher.
Future research could explore drivers of heterogeneities among different types of climate
exposure.

6 | DISCUSSION AND CONCLUSION

Are companies proactively adapting to the forecasted climate exposures they are likely to
encounter? If they do adapt, in what ways do they do so, and what factors influence their adap-
tation strategies? This study employs a unique dataset that combines firms' disclosed adaptation
strategies with climate science data predicting their various exposures to climate change. This
approach allows for a comprehensive investigation into how firms adapt to these climate
exposures.

Evidence of adaptation is missing for most of the firms in my sample. As shown in the
descriptive results, the average rate of adaptation across all firms and different types of climate
exposures is only 23%. Rather than make significant changes in nonroutine adaptation activi-
ties, firms are more likely to adapt by adjusting their existing routines. In the baseline, I find
that firms adapt more to specific climate exposures that are more salient to their business.
Increased climate exposure heightens the perceived impact of climate change, leading to a
higher degree of adaptation. Moreover, firms' ESG capabilities and long-time horizons positively
moderate the relationship between forecasted climate exposures and adaptation. Companies
with longer time horizons tend to perceive a greater extent of climate impact in the face of
higher climate exposures. However, I do not find that companies with greater ESG capabilities
have a higher perceived impact of climate change when facing greater climate exposures.

The study makes several contributions. First, it extends the work on how organizations
adapt to external changes (Adner & Helfat, 2003; Levinthal, 1997; Sarta et al., 2021). While pre-
vious research has primarily focused on organizational responses to changes that have already
occurred or to short-term disruptions (Aghion et al., 2012; Eggers & Park, 2018; Flammer &
Ioannou, 2021; Tashman & Rivera, 2016), this study examines how firms adapt to long-term
and systemic changes such as climate exposure. The findings reveal that greater forecasted cli-
mate exposures lead to increased adaptation. This may be because high forecasted climate expo-
sure signals clear and significant risks, thereby amplifying the perceived impact of climate
change. Moreover, the study sheds light on the dual effects of time horizons on corporate adap-
tation and perception in response to climate exposures. The results suggest that climate expo-
sures, as forecasted by climate science data, together with firms' temporal preferences, play
critical roles in shaping their adaptation strategies to this long-term challenge.

22Interview on May 21, 2020.
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Second, this article contributes to the sustainability literature (Brekke & Nyborg, 2004;
Hawn & Ioannou, 2016; Pinkse & Kolk, 2012) by examining the underappreciated effect of ESG
capabilities on firms' adaptation to climate change. While previous studies have primarily
focused on the impact of ESG on financial and environmental performance (Arag�on-Correa &
Sharma, 2003; Flammer, 2015; McWilliams & Siegel, 2001), this article explores the influence of
ESG on firms' responses to external changes. It extends the understanding of ESG and suggests
that ESG capabilities have broader and more diverse implications for firms.

Finally, this study uses innovative datasets to measure firms' climate exposures, adaptation
strategies, and perceived impact of climate change. It takes a comprehensive approach that
covers a variety of industries and countries. Given that the systemic nature of climate change
affects different sectors globally (Li et al., 2021; Winn et al., 2011), this study's breadth is partic-
ularly notable. Thus, we can get a holistic view about this emerging area of inquiry (Graebner
et al., 2022; Helfat, 2007; Linnenluecke et al., 2013).

My findings have both policy and managerial implications. Understanding whether and
how firms adapt to climate exposures can help regulators and investors decide whether inter-
ventions on adaptation are needed, and, if so, what the scope of those policies should
be. Although adaptation is affected by the level of forecasted climate exposures, it is also
influenced by many other factors, such as a firm's ESG capabilities and its time horizon. Thus,
interventions that improve firms' adaptive capabilities and increase their time horizons can be
considered. The comprehensive measurement of different adaptation strategies can also
be informative for managers seeking to identify best practices or to compare their own risk-
management policies with those of their peers and competitors.

This research has limitations and opens several avenues for future research. First, I measure
the outcome variable by disclosed adaptation strategies. Future research could collect data on
how firms implement specific adaptation strategies. Second, inherent uncertainties in climate
exposure data are predicted by climate models. For now, they are the best data available for
measuring firms' climate exposures in the future. Also, the climate scores I used cannot mea-
sure the economic and financial impacts of climate change. Future research could assess the
financial impact of climate change. Third, this study focuses only on the climate exposures of
direct operations of large public firms. It would be interesting for future research to explore the
impact of climate change on private firms, smaller organizations, and firms' different value
chains, such as suppliers and customers. Finally, this study could not analyze all conditions
under which firms are more likely to adapt to climate exposure. Future research could examine
different factors that affect firms' adaptation, including political ideology, CEO experience, and
institutional context, and explore the role of decision-makers' attention in this process.
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