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ARTICLE INFO ABSTRACT

Keywords: This study examines how climate change-induced disasters affect renewable energy innovation in

Renewable energy innovation United States-based firms. To this end, we utilized the behavioral theory of the firm and the threat

Climate change-induced disasters rigidity model to investigate strategic decision-making in the context of environmental crises. We

?E}r]::tl?z; dti};;og;gilthe firm (BTOF) employed a difference-in-differences approach combined with meta-analysis. Further, we

Firm's history of natural disasters analyzed data from 2013 to 2018 and found a significant increase in renewable energy innovation
following climatological disasters, marked by an effect size of 0.74. However, firms exceeding
their aspiration levels exhibit a smaller impact, reducing the effect on renewable energy inno-
vation by 0.273 units. Additionally, firms with a frequent history of climatological disasters
showed a decrease in renewable energy innovation, with an effect size of -0.349. Our research
contributes to green innovation literature, particularly to renewable energy innovation discourse
under climate challenges. It extends the behavioral theory of the firm to contexts of climatic
uncertainty and applies the threat rigidity model to determine organizational adaptation. The
study introduces a novel moderator: the firm’s history of natural disasters, linking firm age with
disaster frequency and severity. These insights are vital for enhancing strategic decision-making
in the business and policy-making contexts, amidst the growing climate change challenges.

1. Introduction

Renewable energy (RE) is imperative to fostering a low-carbon economy and addressing the climate change crisis (Krueger et al.,
2020; Xu and Lin, 2018). The significance of RE is increasingly recognized in global policy-making circles such as the Paris Agreement
(Steffen, 2020). Similarly, the role of RE was emphasized at the 28th Conference of the Parties (COP 28) to the United Nations
Framework Convention on Climate Change (UNFCCC). The world leaders at the conference agreed to a significant expansion in RE,
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aiming to triple the world’s installed capacity of RE generation (COP 28, 2023). Bayer, Dolan, and Urpelainen (2013, p. 289) define RE
innovation as “the process of inventing and improving new energy technologies for commercial use.” This process presents pioneering
firms with the opportunity to secure a competitive advantage (Perruchas et al., 2020; Roper and Tapinos, 2016; Zhou and Wen, 2020).

Despite RE’s potential to mitigate climate impacts and address the global fossil fuel-induced environmental crisis, its adoption faces
significant barriers, including substantial initial investments and operational complexities (Kim and Park, 2016; Lin and Zhu, 2019;
Shin et al., 2018; Steffen, 2020; Xu and Lin, 2018). Furthermore, many countries, including the United States (U.S.), continue to rely
heavily on fossil fuels for energy production and consumption (Ghosh and Ghosh, 2020; International Energy Agency [IEA], 2023;
Energy Information Administration [EIA], 2023). The economic dominance of low-cost fossil fuels poses further challenges to adopting
RE technologies (Lin and Zhu, 2019). This situation highlights a vital gap in existing research, which has predominantly focused on
operational strategies for emissions reduction (Zhou and Wen, 2020) and less on proactive environmental practices such as RE
innovation.

In parallel, growing evidence suggests that the macroeconomic impacts of climate change are significant, however, a substantial
gap remains in understanding how these impacts affect individual firms, particularly regarding RE innovation (Cevik and Miryugin,
2023). Moreover, the literature offers no clear consensus on whether extreme events drive firms toward greater sustainability
(Agostino, 2024) despite the rising frequency and intensity of climate change-induced disasters (Frijters et al., 2023; Porto de Albu-
querque et al., 2023; Truong et al., 2018). As adverse climate-related events increase, so does the demand from investors for sus-
tainable and responsible investments, such as RE innovation (Fiordelisi et al., 2023). In line with the Paris Agreement, there is
mounting pressure on firms to shift their investments away from fossil fuels and toward low-carbon alternatives (Monasterolo, 2020).
This suggests that as climate change-induced disasters become more frequent, the pressure on firms to invest in RE technology should
intensify. However, contrary to this expectation, recent data shows a decline in RE patent applications in the U.S. over the past decade,
suggesting a potential slowdown in RE innovation (United States Patent and Trademark Office [USPTO], 2024). This decline is
particularly concerning, given the urgent need for innovative solutions to address the challenges of climate change. Additionally,
corporate investments in RE have experienced a significant decline, with their share falling from 65 % to 41 % annually in recent years
(IRENA and CPI, 2023).

These trends highlight the need for a deeper understanding of how climate change-induced disasters affect firms’ pursuit of RE
innovation. The current literature reveals a complex and varied impact of such disasters on firms’ pursuit of RE innovation. For
instance, Ren et al. (2022) observed that in China, heightened climate risks led to an increase in corporate carbon emissions, indicating
that some firms may face difficulties in shifting to low-carbon technologies such as RE technology under certain conditions.
Conversely, Ma et al. (2024) found that in Organization for Economic Cooperation and Development (OECD) countries, climate risks
often serve as catalysts for green innovation, including RE innovation, especially in regions with robust economic support and political
support for sustainable initiatives. Similarly, Li et al. (2023) highlighted that in Bangladesh—a country particularly vulnerable to
natural disasters—such events have positively impacted long-term sustainability efforts by increasing reliance on RE technology.
However, Huang et al. (2018) pointed out that in countries facing significant climate risks, firms frequently opt for more conservative
financial strategies, such as increasing cash reserves and extending debt maturities, rather than directly investing in RE innovation.
These mixed findings underline the necessity for further research to clarify how climate change-induced disasters affect firms’ pursuit
of RE innovation.

Given these complexities, the intersection of RE innovation challenges and the impacts of climate change-induced disasters pro-
vides a critical context for our study. While studies have explored how firms adapt to natural disasters through innovation (Li et al.,
2023; Ma et al., 2024), rigorous quantitative analyses investigating the intersection of RE innovation and climate change-induced
disasters are relatively scarce. Therefore, this study aims to fill this significant gap by providing an in-depth analysis of how RE
innovation is adapted in response to climate change-induced disasters. Building on this foundation, our study poses the pivotal
question: How do climate change-induced disasters influence firms’ pursuit of RE innovation? This inquiry guides our investigation
and seeks to enhance our understanding of the interplay between environmental crises and corporate RE innovation strategies.

We draw on the behavioral theory of the firm (BTOF) (Cyert and March 1963) to investigate how climate change-induced disasters
affect a firm’s strategic decision to pursue RE innovations. The BTOF offers a robust framework for analyzing firm behavior in un-
certain contexts (Cyert and March 1963). The theory holds that a firm’s aspiration level, which refers to a firm’s desired performance
target (Cyert and March 1963; Shinkle, 2012), shapes its risk-taking behaviors. Additionally, we incorporate the threat rigidity model
(Staw et al., 1981) to dissect firms’ reactions to the unique threats posed by climate change-induced disasters. This model elucidates
why firms may exhibit rigidity, such as reduced risk-taking strategies, in the face of such threats (Staw et al., 1981). This integration is
vital for understanding the spectrum of strategic responses to environmental threats, from inertia to the proactive pursuit of RE
innovations.

Our study employs the difference-in-differences (DiD) approach, complemented by meta-analysis, enabling robust testing of our
hypotheses. We hypothesize that firms increase their engagement in RE innovation following climate change-induced disasters. To test
this, we analyzed the U.S. firms’ RE innovation activities before and after climatological disasters from 2013 to 2018. Our findings
show that firms in disaster-affected U.S. states significantly increase their RE innovation post-disaster, compared to those in unaffected
ones. Furthermore, we recognize that the firms’ responses might vary based on specific characteristics. To capture these moderating
effects, we utilized difference-in-differences-in-differences (DDD) estimations as suggested by Chen et al. (2022), Osberghaus (2017),
and Yu and Zhang (2022), integrating our main DiD variables with factors such as the performance-aspiration gap and the firms’
history of natural disasters. Our analysis indicates that the treatment effect is more pronounced in firms performing below their
aspiration levels. We also find that firms with a frequent history of natural disasters tend to invest less in RE innovation. These findings
provide valuable insights into how environmental crises shape corporate innovation strategies, particularly in the context of RE.
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This study makes several contributions to the green innovation literature, especially focusing on RE innovation amidst climate
change and its induced disasters. It fills a significant gap by analyzing the influence of such disasters on the pursuit of RE innovation by
firms, offering a unique firm-level perspective, a departure from the usual country-level climate risk assessments, as seen in studies
such as that by Huang et al. (2018). Unlike the traditional approach employed in the existing literature that typically considers and
analyzes a single natural disaster, this study investigates a comprehensive range of climatological disasters in the U.S. from 2013 to
2018. This timeframe aligns with the U.S. Climate Action Plan’s initiation in 2013, a plan emphasizing RE innovation as a strategy to
combat climate change (Hausker et al., 2015), providing a suitable backdrop for our analysis. This period is also chosen based on the
needs of our DiD analysis, which requires four years of data for each disaster. With data available from 2011 to 2019, this period
maximizes our analysis scope within the constraints of data accessibility. Employing a DiD analysis across 19 such events, this research
stands out for its empirical depth and rigor, setting it apart from the existing literature (Ren et al., 2022). Furthermore, while the BTOF
has traditionally been used to study firm behavior under risk conditions, this study extends its application to understanding firm
strategies under the uncertain conditions of climate change-induced disasters, marking a substantial theoretical advancement.
Additionally, it utilizes the threat rigidity model to investigate how a firm’s history with natural disasters influences its RE innovation
propensity, offering a new viewpoint on organizational adaptation strategies. A novel aspect of this study is the introduction of a new
moderator: the firm’s history of natural disasters, measured by combining firm age with the frequency and severity of climatological
disasters. This multifaceted approach provides a deeper understanding of a firm’s historical context concerning climate change. Lastly,
this study offers practical contributions that extend beyond academia, serving as a valuable tool for policy-makers and businesses. It
aids in the development of climate action strategies and provides companies with insights into competitor behaviors, thereby
enhancing their strategic decision-making in the face of climate challenges.

The remainder of the paper is organized as follows. Section 2 presents the theoretical development and hypotheses. Section 3
outlines our empirical setting, sample, and methodological approach, including the use of DiD and meta-analysis techniques. Section 4
presents the results of our analysis. Finally, Section 5 provides an integrated discussion of our findings, explores their theoretical,
managerial, and policy implications, acknowledges the study’s limitations, and concludes with suggestions for future research.

2. Theoretical development
2.1. Climate change-induced disasters and RE innovation

As scholarly interest in climate risks grows, understanding how these risks are integrated into firms’ decision-making processes has
become an increasingly critical topic (Krueger et al., 2020). The complexities of the climate system and the difficulty in predicting
future scenarios add layers of uncertainty to business strategy and operations in the context of climate change (Howard-Grenville et al.,
2014). Previous studies have highlighted that firms in regions with high climate risks often face reduced economic performance and
increased earnings volatility, reflecting the adverse effects of extreme weather events (Huang et al., 2018). However, these studies
typically rely on broad, national-level data, which may not fully capture the diverse experiences of firms at the individual level. Our
study, therefore, shifts the focus to a more granular, firm-level analysis.

Climate change-induced disasters can be viewed as environmental threats that impose immediate challenges on firms, often making
them feel constrained in their ability to respond proactively (Staw et al., 1981). This perceived rigidity can lead firms to adopt more
cautious behaviors, prioritizing resource conservation over innovation (Hoskisson et al., 2017). For example, firms in high-risk en-
vironments may hold more cash reserves and rely on longer-term borrowing to manage liquidity concerns during extreme climate
events (Huang et al., 2018). Such conservative financial behaviors might limit the firm’s capacity for innovation.

However, some studies present a different perspective, suggesting that extreme climate events can lead firms to take more proactive
behaviors to stabilize their operations. For example, firms might increase their production levels after such events to maintain stable
performance. Additionally, companies in heavily polluting industries, especially those facing stringent environmental regulations,
might respond by reducing their carbon emissions to align with regulatory expectations and mitigate future risks (Ren et al., 2022).
Moreover, studies have shown that investment in green funds often increases following natural disasters, reflecting a growing demand
for sustainable practices from investors and consumers (Marshall et al., 2021). Furthermore, research from different contexts, such as
Bangladesh and OECD countries, highlights how natural disasters can positively influence sustainable development and encourage a
shift toward green innovation (Li et al., 2023; Ma et al., 2024). These studies suggest that while climate disasters present significant
challenges, they can also act as catalysts for firms to innovate and transition toward more sustainable practices.

Amidst these varied findings, there is a gap in understanding how nature-driven impacts of climate change, particularly climate
change-induced disasters, affect RE innovation at the firm level. To address this gap, our study draws on the BTOF. The BTOF chal-
lenges the traditional view of firms as purely rational, profit-maximizing entities and instead posits that firms operate as goal-directed
systems composed of individuals and groups with collective objectives (Chen and Miller, 2007; Cyert and March 1963). This theory has
been widely used to model firm behavior, particularly under conditions of uncertainty, such as when pursuing innovation (Gaba and
Bhattacharya, 2012; Greve, 2003). The BTOF provides a comprehensive framework for understanding how firms adjust their behavior
in response to external pressures and opportunities, including those arising from climate change-induced disasters. These events often
create a discrepancy between a firm’s current performance and its aspiration levels, compelling firms to seek innovative solutions to
address these shortfalls (Yang and Chen, 2024). While such disasters present significant operational and environmental challenges,
they also offer unique opportunities for firms to adapt and innovate, particularly in the realm of RE innovation (Mithani et al., 2021).
Firms that find their aspirations threatened by these external shocks are likely to increase investments in sustainability innovations to
close the performance gap and enhance their competitive standing (Bettinazzi et al., 2020; Dong et al., 2021).
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Incorporating the BTOF, this study hypothesizes that climate change-induced disasters catalyze a shift in firms’ pursuit of RE
innovation. The theory underscores that firms’ responses to these uncertain situations are driven by their ongoing pursuit of satis-
factory performance and the need to adapt to new environmental challenges.

Hypothesis 1. In the aftermath of climate change-induced disasters in the form of climatological disasters, firms experience a positive change
in the pursuit of RE innovation compared to the pre-disaster period.

2.2. Performance-aspiration gap and post-disaster RE innovation

In explorations of organizational responses to climate change-induced disasters, the literature offers contrasting perspectives. For
example, Marshall et al. (2021) observed that the U.S. mutual funds with an environmental focus experience increased inflows during
disasters, indicating a surge of interest in green initiatives, especially during severe events. Conversely, Huang et al. (2018) noted that
climate risk impacts vary across industries, with sectors responding differently to extreme climate events. Ren et al. (2022) suggested
that extreme climate events might trigger increased production in certain industries, especially those under strict environmental
regulations.

Accordingly, we draw on the BTOF, which emphasizes the critical role of aspiration levels in guiding firms’ strategic decision-
making. The BTOF posits that firms operate under bounded rationality, meaning they aim for satisfactory rather than optimal per-
formance (Chen and Miller, 2007; Cyert and March 1963). Central to this theory is the concept of the performance-aspiration gap,
which arises when there is a discrepancy between a firm’s actual performance and its desired goals. This gap is a motivational driver,
prompting firms to adopt riskier strategies to improve performance (Gaba and Bhattacharya, 2012; Hoskisson et al., 2017). This
theoretical perspective highlights how the performance-aspiration gap influences firms’ responses, particularly under conditions of
environmental uncertainty.

Building on the BTOF, we developed Hypothesis 2, which posits that firms with performance below their aspiration levels will
demonstrate a more pronounced positive change in RE innovation following climate change-induced disasters. This hypothesis un-
derscores the role of the performance-aspiration gap in shaping strategic responses under environmental uncertainty. By analyzing
firms’ adaptation and innovation strategies in the face of climate risks, this study sheds light on the complex ways firms navigate and
respond to evolving climate challenges.

Hypothesis 2. In the aftermath of climate change-induced disasters in the form of climatological disasters, firms with performance below the
aspiration level will demonstrate a stronger positive change in the pursuit of RE innovation.

2.3. Firm’s history of natural disasters

In the context of climate change, uncertainty is a crucial factor, especially in projecting future scenarios. Augustine et al. (2019)
differentiated between the near and distant future, associating the latter with ambiguity and Knightian Uncertainty, crucial for un-
derstanding long-term climate change challenges. However, Das and Teng (1999) emphasized temporal continuity for understanding
future events, and integrating past and present contexts, a concept further explored by Oetzel and Oh (2021) and Raynard et al. (2020).

Aligned with this principle of temporal continuity, our study confirms that a firm’s risk attitudes are influenced by its past per-
formance (Imas, 2016). The BTOF also rests on this temporal continuity, emphasizing firms’ past experiences over future expectations
in shaping strategic decisions (Lant and Shapira, 2008). This perspective is particularly relevant when considering firm age, as younger
firms may be more adaptable and willing to invest in modern, environmentally friendly technologies due to their flexibility and lower
legacy constraints (George, 2005; Wagner, 2011). Thus, we introduce a novel moderator: the firm’s history of natural disasters. This
integrates the firm’s age with the frequency and magnitude of experienced climatological disasters (Oetzel and Oh, 2021, 2014; Tilcsik
and Marquis, 2013). Unlike previous studies that used the number of natural disasters in a country as a proxy for organizational
experience (Oetzel and Oh, 2021), our approach differentiates between disasters of varying severity.

Building on Staw, Sandelands, and Dutton’s (1981) threat rigidity model, this study explores how firms respond to external threats
like climate change-induced disasters. The model posits that when firms perceive significant threats, they tend to adopt more con-
servative strategies, focusing on risk mitigation and resilience rather than innovation (Staw et al., 1981). This rigidity is driven by two
factors: a narrowing of information processing, where firms reduce their attention to external inputs, and a centralization of control,
where decision-making becomes more concentrated at higher organizational levels.

In the context of RE innovation, firms with extensive histories of climatological disasters may prioritize survival and stability over
pursuing innovations, especially when they perceive the environment as increasingly unstable. This explains why some firms might
reduce their investment in RE innovation following such events. According to the BTOF, firms assess their performance relative to their
aspirations, influencing their willingness to take risks. Firms falling short of their aspirations might pursue riskier strategies, such as
investing in RE innovation. However, when faced with repeated environmental challenges, these firms may lean toward a more
conservative, risk-averse approach, reducing their innovation investments to maintain stability.

In summary, integrating the threat rigidity model with the BTOF provides a nuanced understanding of how firms navigate climate
change-induced disasters, suggesting that firms with significant disaster experience are more likely to adopt conservative strategies,
potentially limiting their engagement in RE innovation.

Hypothesis 3. The effect of climate change-induced disasters in the form of climatological disasters on the pursuit of RE innovation,
compared to the pre-disaster period, is moderated by the firm's history of natural disasters.
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The conceptual framework presented in Fig. 1 illustrates the key relationships explored in this study. It highlights how climato-
logical disasters affect firms’ pursuit of RE innovation. Two moderating variables—performance-aspiration gap and a firm’s history of
natural disasters—are also included to show how these factors influence the strength and direction of the relationship. This framework,
grounded in the BTOF and the threat rigidity model, offers a structured view of the study’s hypotheses.

3. Data and method
3.1. Empirical setting

This study’s empirical analysis is conducted within the U.S. context, chosen for its alignment with our research objectives and its
distinct characteristics. The U.S.’s fluctuating climate change stance, including its withdrawal and re-entry into the Paris Agreement,
reflects a highly uncertain institutional environment (Leyva-de la Hiz et al., 2019), making it an ideal backdrop for studying the impact
of climate change on firms’ RE strategies. Additionally, the U.S.’s heightened susceptibility to natural disasters, as per NASA Earthdata,
offers a relevant perspective for investigating corporate responses to environmental challenges. Moreover, the RE sector in the U.S. is
notably impacted by climatic fluctuations (Sinha et al., 2024), accentuating the significance of this study’s focus. As the second-largest
global carbon emitter (Friedlingstein et al., 2020), the U.S. role in global climate change impacts and mitigation efforts is also sig-
nificant. Furthermore, the U.S.’s vibrant innovation landscape, underscored by its innovation performance as reported by the World
Intellectual Property Organization (WIPO, 2023), emphasizes its suitability for this study. Overall, the U.S. presents a unique setting to
explore the interplay between RE innovation and climate change impacts, owing to its evolving policy, high disaster frequency, and
robust innovation ecosystem.

3.2. Sample

Our study examines the impact of climate change-induced disasters between 2013 and 2018 on RE innovation in the U.S. listed
firms. We adopt a four-year interval for each disaster, divided into a two-year pre-disaster period and a two-year post-disaster period.
For instance, if a disaster occurred in 2015, 2013-2014 is the pre-disaster period and 2015-2016 is the post-disaster period. This
framework facilitates a clear comparison of RE innovation trends relative to the occurrence of climate disasters. To encompass this
timeframe, we use annual data from 2011 to 2019. Additionally, we exclude financial service firms due to their distinct business
models and capital structures, which differ from non-financial firms, ensuring a more precise analysis.

3.3. Measures

3.3.1. Dependent variable
This study focuses on RE innovation, measured by the number of successful RE patent applications. These patents are directly tied
to RE technologies, aligning with established research practices in the environmental and innovation literature (Brunnermeier and

Performance-

Aspiration
Gap

=

2
g3
88
© 3
[ a]
(@)

RE innovation

>
»
Aspiration level Actual

Firm’s History performance
of Natural

Disasters

Fig. 1. The conceptual model.
Source: Developed by the authors.
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Cohen, 2003; Leyva-de la Hiz et al., 2019; Perruchas et al., 2020). Innovation is commonly gauged using two proxies—R&D expen-
diture and patent count (Lerner and Seru, 2022)—with our study emphasizing the latter as an indicator of a firm’s innovative output.
This choice is underpinned by patents’ ability to capture tangible innovation outcomes, unlike R&D expenditure (Lerner and Seru,
2022).

While patent counts (including RE patents), are a useful proxy for innovation, they have limitations such as not capturing unpa-
tented innovations, failing to differentiate the value of patents, and not accounting for variations in patenting practices (Johnstone
et al., 2010; Lindman and Soderholm, 2016). Nonetheless, they are still considered a valid measure (Leyva-de la Hiz et al., 2019;
Perruchas et al., 2020). Historically, measuring green innovation was challenging due to unclear patent classifications
(Kunapatarawong and Martinez-Ros, 2016), but the WIPO’s International Patent Classification (IPC) system has enhanced this, making
it more effective for categorizing RE innovations (Johnstone et al., 2010; Nesta et al., 2014; Noailly and Smeets, 2015).

For this study, we sourced RE patent count data from the United States Patent and Trademark Office (USPTO), as is standard in
green innovation research (Amore and Bennedsen, 2016; Bae and Kim, 2022; Smirnova et al., 2021). We opted for RE patent appli-
cations rather than RE granted patents due to their immediate representation of innovation efforts and the usual lag in patent approval
(Johnstone et al., 2010; Liang and Fiorino, 2013). Acknowledging the extensive R&D time for environmental investments, we also
lagged the variable by one year to capture the actual developmental stages of these innovations, aligning with established research
practices (Costantini et al., 2017; Dang and Xu, 2018; Greer et al., 2022; Un, 2016). Additionally, to account for the time required for
innovations to materialize, we utilized a four-year timeframe around each disaster, with a two-year period preceding the disaster and a
two-year period following it. This approach allows us to effectively capture RE innovation activities that may occur up to two years
following the disaster.

3.3.2. Independent variables

This research investigates the impact of climate change-induced disasters in the U.S. from 2013 to 2018. Our independent variable
is the incidence of these climatological disasters. Data on these events were sourced from the Emergency Events Database (EM-DAT),
maintained by the Center for Research on the Epidemiology of Disasters (CRED). CRED categorizes natural disasters into five cate-
gories: biological (epidemics and insect infestations), climatological (droughts, extreme temperatures, and wildfires), geophysical
(earthquakes, mass movements, and volcanoes), hydrological (floods and mass movements), and meteorological (storms) (Sodhi,
2016). Our focus is specifically on climatological disasters, reflecting our study’s emphasis on climate change-induced disasters. This
variable has been utilized in existing literature to examine the impacts of such disasters on various outcomes (Donatti et al., 2024;
Rossello et al., 2020). We also adopt CRED’s criteria for disaster inclusion, which are: (i) 10 or more fatalities, (ii) affecting 100 or more
people, (iii) triggering a State of Emergency declaration, or (iv) necessitating international assistance (Boudreaux et al., 2022). We
identified 19 such climatological disasters during the study period and systematically labeled them from D1 to D19, following their
chronological occurrence.

3.3.3. Moderators

Performance-aspiration gap

We examine how a firm’s performance gap from its aspiration level, whether below or above, influences its RE innovation response
to climatological disasters. We use Return on Assets (ROA) to measure actual performance and aspiration levels, following established
research practices (Greve, 2003; Xu et al., 2019). ROA, indicating profitability, is derived from a firm’s net income divided by its
average total assets (Xu et al., 2019) and is sourced from Wharton Research Data Services’ (WRDS) Compustat-Capital IQ dataset for
North America.

Aspiration levels are assessed using Social Aspiration (SA) and Historical Aspiration (HA). SA represents the industry average
performance, while HA is based on a firm’s past performance (Smulowitz et al., 2020). We adopt a combined approach where SA is the
industry average ROA, and HA is the firm’s prior year ROA, with industry peers identified using GIC codes in Compustat. In deter-
mining aspiration levels, we explored three models common in BTOF studies: weighted average, separate, and switching models
(Bromiley and Harris, 2014; Han, 2022). The switching model, chosen for its relevance and robustness, posits that firms below industry
benchmarks aspire to reach these standards, while those exceeding benchmarks aim to surpass their previous performance (Bromiley,
1991; Bromiley and Harris, 2014; Symeou et al., 2019).

In this model, the aspiration level (Aspiration;) calculation depends on the firm’s prior year performance (P;) relative to the
industry average (SA;1). Specifically:

Aspiration;; = SA;.1—If Pir1 < SAjr1

Aspiration,—}t =1.05* Pi,t—l —>If Pi,t—] > SAi,t—]

We then compute the performance-aspiration gap using the formula:

Gap = P;; — Aspiration; ;

For clarity in our model, we refer to the ‘Performance-Aspiration Gap’ simply as ‘Gap.” This ‘Gap’ is used as a moderator and is
categorized into two groups: ‘Negative’ and ‘Positive.” ‘Negative’ indicates a firm’s performance below its aspiration level, and is used
as the reference baseline, while ‘Positive’ implies performance above this level.

Firm’s history of natural disasters

Our research introduces the ‘firm’s history of natural disasters’ as a novel moderator to explore its impact on RE innovation amidst
climate change-induced disasters. This approach goes beyond just counting disasters during a firm’s existence (Oetzel and Oh, 2021); it
combines the firm’s age with the frequency and severity of the climatological disasters it has experienced.

Firm age, indicating operational history and industry experience, is calculated as the difference between the study year and the
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firm’s establishment year, sourced from the Compustat-Capital IQ dataset for North America (Wiklund et al., 2010). For assessing
climatological disaster magnitude, we consider economic damages caused by these events, categorized into small-scale (below $1
billion), medium-scale ($1 to $5 billion), and major disasters (at least $5 billion) (Tilcsik and Marquis, 2013), focusing on major
disasters to reflect their substantial climatic impacts.

Determining the frequency of these major disasters during the firm’s past relies on data from the EM-DAT database (Oetzel and Oh,
2014, 2021). This comprehensive moderator captures the firm’s historical engagement with climatological disasters, offering insights
into how exposure to such events shapes its RE innovation tendencies in an increasingly climate-conscious business landscape. For
clarity in our model, we abbreviate the ‘Firm’s History of Natural Disasters’ to ‘History.’

3.3.4. Control variables

In our study, we control for key factors: firm size, lifecycle, and age. This ensures a thorough understanding of the diverse influences
on a firm’s RE innovation strategy. Data for these variables were gathered from the Compustat-Capital IQ dataset for North America.

Firm size, measured by the natural logarithm of net sales, is a common metric in research (Leyva-de la Hiz et al., 2019; Mithani,
2017). Firm size is included as a control variable to consider the resources and capabilities larger firms might have in adopting sus-
tainable practices and engaging in RE innovation.

A firm’s investment activity, encompassing responses to climate change, evolves through different phases of its lifecycle (Faff et al.,
2016). By incorporating the firm’s lifecycle stage as a control variable, we aim to understand its potential influence on the firm’s
engagement with RE innovation. We employ Dickinson’s (2011) classification model, based on operating, investing, and financing
cash flows, to categorize firms into five stages: introduction, growth, mature, decline, and shake-out. The ‘Mature’ stage is used as a
reference in our model to assess the impact of lifecycle stages on RE innovation.

Introduction: OCF < 0, INVCF < 0, and FINCF > 0
Growth: OCF > 0, INVCF < 0, and FINCF > 0
Mature: OCF > 0, INVCF < 0, and FINCF < 0
Decline: OCF < 0, INVCF > 0, and FINCF < or > 0

Any years not fitting these criteria are categorized under the shake-out stage. In this framework, OCF is the operating cash flow,
INVCEF is the investing cash flow, and FINCF is the financing cash flow (Dickinson, 2011; Habib and Hasan, 2017).

Finally, firm age, indicating the number of years since establishment, offers insights into a firm’s experience and maturity in its
industry (Tilcsik and Marquis, 2013; Wiklund et al., 2010). The inclusion of firm age as a control variable allows us to consider how
accumulated industry experience influences a firm’s innovation approach.

3.4. Analytical model

To test our hypotheses, we employ the DiD method, recognized for analyzing the impacts of exogenous shocks such as climate
events (Belasen and Polachek, 2009; Yang et al., 2022). This method compares the effects on a treatment group, directly affected by a
specific event, with a control group that remains unaffected. DiD stands out for its ability to account for all firm characteristics and
include the entire population of firms in both groups, which minimizes the risk of biases often encountered in matched-sample methods
that focus on matching firms based on a limited set of attributes (Kacperczyk, 2009; Mithani, 2017).

The DiD model’s efficacy lies in using the control group as a baseline to estimate what would have occurred in the treatment group
without the intervention (Osberghaus, 2017). This is achieved by analyzing the historical trends of both groups, thus neutralizing
pre-existing differences. Our model looks at how firms’ pursuit of RE innovation changes before and after climate change-induced
disasters. Considering the panel nature of the data and the count value of the outcome, Poisson regression is employed as the esti-
mator. The model employs two dummy variables: ‘Period,” which differentiates the time frames as either before or after the disaster,
and ‘Treat,” distinguishing between the treatment and control groups of firms. This distinction is based on the location of the firms in
relation to the disaster; firms operating in a state where the disaster occurred are assigned a value of 1, indicating the treatment group,
while those in unaffected states are given a value of 0, classifying them as the control group. For moderating effects, we examine the
interaction between the Period and Treat dummies and the focal moderating variable.

Further, we examine the impact of various climatological disasters on the pursuit of RE innovation, by employing a two-stage meta-
analysis to synthesize results from different DiD models (Callaway and Sant’Anna, 2021; Deeks et al., 2019). Initially, we derive
summary effects for each DiD model, reflecting the specific influence of each disaster. Next, we aggregate these individual effects to
form an overall treatment effect, employing a weighted average method. Typically, the weights are determined based on the inverse of
the variance of each study’s treatment effect. This method is closely associated with the sample size of each study, ensuring that larger,
potentially more informative studies have a proportionally greater influence on the overall results (Deeks et al., 2001, 2019). Given the
diverse intensity levels of the disasters studied, we chose a random-effect approach for the meta-analysis, acknowledging the unique
characteristics of each event. This method allows for variability across studies, providing a comprehensive view of the collective
impact of climatological disasters on RE innovation (Deeks et al., 2001, 2019).
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4. Results
4.1. Empirical results

Tables 1 and 2 summarize the descriptive statistics for continuous and categorical variables, respectively, across all disasters
studied. To test Hypothesis 1, we use the DiD model to compare changes in RE innovation between treatment and control groups
against historical control group trends. The primary DiD estimation model is structured as follows:

RE Innovation = f, + ff; x Period + f, x Treat + f; x Period x Treat + 3, x Size + f5 x Lifecycle + f; x Age + ¢

This model uses ‘RE Innovation’ as the outcome variable, with coefficient pz capturing the interaction effect on the treatment group
post-disaster. Control variables include ‘Size,” ‘Lifecycle,” and ‘Age.’

Given the broad scope of this analysis, which includes all climatological disasters in the U.S. between 2013 and 2018, we perform a
DiD analysis for each disaster individually, comparing two years before and after the disaster. The results of these individual analyses
are then aggregated using meta-analysis (Table 3), revealing a significant positive effect of 0.74 at p < .01. This indicates that firms
increase their level of RE innovation following climatological disasters, confirming our hypothesis that climate change-induced di-
sasters drive enhanced RE innovation in firms. Fig. 2 demonstrates our results by displaying a forest plot for the meta-analysis. This plot
focuses on the interaction effect, central to Hypothesis 1. The overall effect, indicated by a diamond at the bottom, shows a significant
positive effect of 0.74. The analysis of individual disasters, as illustrated in the plot, consistently shows a positive trend. Heterogeneity
analysis shows little variability among studies (I* = 0 %; Q-test p-value = 0.980), reinforcing the reliability of the findings.

Hypothesis 2 of our study delves into the moderating role of the ‘Gap’ in the relationship established in the first model. To test this
hypothesis, we structured the following model:

RE Innovation = f, + 5, x Period + 3, x Treat + 35 x Period x Treat + f3, x Period x Treat x Gap + fi5 x Size + f3; x Lifecycle
+p, x Age + ¢

Here, the coefficient f4 assesses the three-way interaction, examining the impact of a firm’s performance relative to its aspiration
level on the link between climate change-induced disasters and RE innovation. A meta-analysis of 19 disasters indicates a significant
moderating effect of the performance-aspiration gap. Table 3 shows that firms above their aspiration level experience less impact from
climate disasters on RE innovation than those below their aspiration level, with an aggregated effect size of —0.273 at p < .05. This
negative coefficient indicates that a positive performance-aspiration gap reduces the effect size by an average of 0.273 units. Fig. 2
illustrates this trend through a forest plot, displaying each study’s effect size and confidence interval. The low heterogeneity in the
studies, indicated by a 16.5 % IZ and a Q-test p-value of 0.252, suggests minimal variability in effects, reinforcing the credibility of the
aggregated results.

This synthesis demonstrates that while the overall direction of climatological disasters’ impact on RE innovation remains
consistent, its magnitude is significantly moderated by the firm’s performance relative to its aspiration level. Firms performing above
this level experience less impact on their RE innovation post-disaster than those below, confirming Hypothesis 2.

In Hypothesis 3, the moderating role of ‘History’ on the firm’s response to climatological disasters in terms of RE innovation is
examined. We propose that a firm’s past experiences with such disasters significantly influence its innovative responses to subsequent
events. To investigate this, we conducted the DiD analysis for the same 19 disasters, with the following model:

RE Innovation = f, + f3; x Period + 5, x Treat + f; x Period x Treat + 3, x Period x Treat x History + 5 x Size + f; x Lifecycle
+p, x Age + ¢

In this model, the coefficient 4 assesses how ‘History’ influences the firm’s response to climate change-induced disasters in terms of
RE innovation. The meta-analysis, presented in Table 3, shows a significant aggregated effect size of —0.349 (p < .001), underscoring
the impact of ‘History’ on the firm’s RE innovation. The results suggest that firms with extensive disaster histories typically scale back
their RE innovation post-disaster. This implies that past experiences with disasters might incline firms towards a more conservative
approach, focusing on risk mitigation and resilience rather than pursuing new RE innovation paths following a climate disaster.

The high I? statistic of 72.2 % and the Q-test p-value of <0.000, as shown in Fig. 2, indicate considerable variability in the
moderating effect of a firm’s history of natural disasters. This variability implies that the specific characteristics of past disasters a firm
has encountered, alongside its learning and adaptation strategies, are critical in determining how it responds to future natural
disasters.

4.2. Validation and robustness analysis

The DiD methodology in this study is predicated on the parallel trend assumption, which posits that, without intervention,
treatment and control groups would follow similar outcome trends (Chen et al., 2022; Murillo-Sandoval et al., 2021). To verify this, we
employed parallel trend plots (Agiiero, 2021), with Fig. 3 affirming this assumption for our empirical approach. Given the study’s
breadth across 19 DiD analyses, we created individual parallel trend plots for each climatological disaster. These plots depict the
treatment group’s trends using dashed lines and the control group’s using solid lines, with the Y-axis measuring RE innovation via
patent counts and the X-axis charting the years, distinguishing between pre- and post-treatment periods. These visualizations validate



Table 1
Descriptive statistics of continuous variables.
i 5] — N [52] < [Te] O % o] o)) o — N o < N el N 0 )}
Variables} £ & =& & & & &5 &8 & & £ ¥ i & & &8 & & & =&
g
"
RE Innovation Mean 0.033 0.058 0.048 0.033 0.033 0.038 0.055 0.041 0.041 0.041 0.037 0.037 0.037 0.032 0.027 0.027 0.036 0.036 0.036
Std. Dev. 0.218 0.279 0.255 0.218 0.218 0.358 0.51 0.239 0.239 0.239 0.255 0.255 0.255 0.242 0.226 0.226 0.407 0.407 0.407
Treat Mean 0.263 0.12 0.066 0.263 0.263 0.331 0.225 0.224 0.224 0.224 0.21 0.21 0.21 0.025 0.205 0.205 0.206 0.206 0.206
Std. Dev.  0.44 0.325 0.248  0.44 0.44 0.471 0418 0.417 0417 0417 0407 0.407 0.407 0.156 0.403  0.403 0.405 0.405  0.405
Period Mean 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Std. Dev. 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Treat x Period Mean 0.132 0.06 0.033 0.132 0.132 0.165 0.113 0.112 0.112 0.112 0.105 0.105 0.105 0.012 0.102 0.102 0.103 0.103 0.103
Std. Dev. 0.338  0.238 0178 0.338 0.338 0.372 0317 0.315 0315 0.315 0306 0.306 0.306 0.111 0.303 0.303 0.304 0.304 0.304
Size Mean 19.318 19.275 19.312 19.318 19.318 19.699 19.714 19.704 19.704 19.704 19.677 19.677 19.677 19.697 19.732 19.732 19.787 19.787 19.787
Std. Dev.  2.499 2.526 2.499 2.499 2.499 2.348 2.394 2.364 2.364 2.364 2.433 2.433 2.433 2.4 2.439 2.439 2.489 2.489 2.489
Age Mean 13.768 13.817 13.6 13.768 13.768 14.956 15458 15.592 15592 15.592 15268 15.268 15268 15.335 15.672 15.672 16.275 16.275 16.275
Std. Dev.  7.369 7.587 7.623 7.369 7.369 7.559 7.994 7.645 7.645 7.645 8.679 8.679 8.679 8.628 8.949 8.949 9.174 9.174 9.174
History Mean 0.723 0.741 0.726 0.723 0.723 0.877 0.882 0.969 0.969 0.969 0.932 0.932 0.932 0.943 1.077 1.077 1.148 1.148 1.148
Std. Dev.  0.798 0.803 0.793 0.798 0.798 0.902 0.945 0.96 0.96 0.96 1.063 1.063 1.063 1.069 1.265 1.265 1.404 1.404 1.404
Observations 3056 2800 2376 3056 3056 5668 4512 3452 3452 3452 4520 4520 4520 5460 5688 5688 5472 5472 5472

Source: Authors’ analysis using STATA.
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Table 2
Descriptive statistics of categorical variables.
i i a — N [52) < n ol 5 [c9] [N} o — N ™ < n el 3 <] o)}
Variables} Categories} é A S g S Ja 8 5 S 2 = = 3 = = = 2 2 2 2
i
w
Lifecycle Mature Freq. 1147 1037 905 905 905 2553 2036 1520 1520 1520 1961 1961 1961 2395 2555 2555 2461 2461 2461
Percent 37.53 37.04 38.09 38.09 38.09 45.04 4512 44.03 44.03 44.03 43.38 43.38 43.38 43.86 4492 4492 4497 4497 4497
Decline Freq. 247 241 180 180 180 365 313 243 243 243 332 332 332 380 427 427 430 430 430
Percent  8.08 8.61 7.58 7.58 7.58 6.44 6.94 7.04 7.04 7.04 7.35 7.35 7.35 6.96 7.51 7.51 7.86 7.86 7.86
Growth Freq. 843 764 650 650 650 1546 1188 902 902 902 1157 1157 1157 1428 1396 1396 1271 1271 1271
Percent 27.59 27.29 27.36 27.36 27.36 27.28 26.33 26.13 26.13 26.13 25.6 25.6 25.6 26.15 24.54 2454 23.23 23.23 23.23
Introduction  Freq. 549 521 434 434 434 755 602 469 469 469 666 666 666 771 774 774 771 771 771
Percent 17.96 18.61 1827 18.27 1827 13.32 1334 13,59 1359 13,59 1473 1473 1473 1412 1861 18.61 14.09 14.09 14.09
Shake-out Freq. 270 237 207 207 207 449 373 318 318 318 404 404 404 486 536 536 539 539 539
Percent  8.84 8.46 8.71 8.71 8.71 7.92 8.27 9.21 9.21 9.21 8.94 8.94 8.94 8.9 9.42 9.42 9.85 9.85 9.85
Total Freq. 3056 2800 2376 2376 2376 5668 4512 3452 3452 3452 4520 4520 4520 5460 5688 5688 5472 5472 5472
Percent 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Gap Negative Freq. 2458 2275 1882 1882 1882 4097 3274 2521 2521 2521 3240 3240 3240 3867 3926 3926 3815 3815 3815
Percent 80.43 81.25 79.21 79.21 79.21 7228 7256 73.03 73.03 73.03 71.68 71.68 71.68 70.82 69.02 69.02 69.72 69.72 69.72
Positive Freq. 598 525 494 494 494 1571 1238 931 931 931 1280 1280 1280 1593 1762 1762 1657 1657 1657
Percent 19.57 18.75 20.79 20.79 20.79 27.72 27.44 2697 2697 2697 28.32 2832 2832 29.18 3098 30.98 30.28 30.28 30.28
Total Freq. 3056 2800 2376 2376 2376 5668 4512 3452 3452 3452 4520 4520 4520 5460 5688 5688 5472 5472 5472
Percent 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Source: Authors’ analysis using STATA.
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Table 3

Meta-analysis results.
Meta-Analysis Model 1 Model 2 Model 3
Variable Coefficient 12 Coefficient 2 Coefficient 2
Treat 1.441%** 45.70 % 1.441%** 43.90 % 1.413%** 0.69
Period —0.106 86.10 % -0.117 85.70 % —0.162 83.90 %
Treat x Period 0.74%** 0% 0.824*** 0% 1.361*** 37.10 %
Gap: Positive 0.263*** 17.30 %
Gap x Treat x Period —0.273** 16.50 %
History 0.116* 74.60 %
Treat x Period x History —0.349%** 72.20 %
Size 0.182%** 0% 0.180*** 0% 0.182** 6.80 %
Lifecycle:
Decline 0.658*** 0% 0.696*** 0% 0.679%** 0%
Growth 0.214%** 0 % 0.236%** 0 % 0.226%** 0 %
Introduction 0.677%** 0% 0.688*** 0% 0.700%*** 0 %
Shake-out 0.651%** 0% 0.667*** 0% 0.687*** 0%
Age 0.005 0% 0.005 0 % 0.006* 0 %
Constant —8.010%*** 1.1% —8.048%** 2.20 % —8.108*** 7.90 %

Note: *** p<.01, ** p<.05, * p<.1.
Source: Authors’ analysis using STATA.

the parallel trend assumption, bolstering the credibility of our DiD methodology. Another key assumption of the DiD approach is the
common shock assumption. This refers to the possibility of other events occurring during or after the disaster under study that could
influence the results (Dimick and Ryan, 2014). By employing multiple treatment studies that encompass various treatment and control
groups, as well as different pre- and post-treatment time periods, we mitigate the risk of such common shocks affecting our findings
(Meyer, 1995).

We also evaluated the use of Poisson regression for patent counts in our analysis, given its suitability for count data (Cameron and
Trivedi, 2013; Deb and Norton, 2018). This model assumes equidispersion, where the count variable’s mean and variance are equal.
We conducted an overdispersion test, with equidispersion as the null hypothesis. As Table 4 indicates, overdispersion was found in
several models, but not in D2, D3, D8, D9, and D10. Since our study does not focus on estimating specific count probabilities, such as
the likelihood of zero patents, Poisson regression with random effects is appropriate (Dean, 1992; Wooldridge, 1999), ensuring the
validity of our findings across different disaster analyses.

Our study also employed the Hausman test to compare fixed and random effects models (Dogan, 2016; Hussain et al., 2021).
Table 4 shows that with p-values above 0.05 for all 19 models, the random effect model is deemed most suitable, validating our
methodological approach and effectively capturing the dynamics between disasters and RE innovation.

Continuing with model validity checks, we addressed multicollinearity, where interlinked explanatory variables can skew results
(Boliik and Mert, 2014; Graves and Shan, 2014; Hussain et al., 2021). Our Variance Inflation Factor (VIF) analysis, detailed in Table 4
for 19 models, showed the highest average VIF at 1.53, well below the multicollinearity concern threshold of 10 (Majeed and Ozturk,
2020; Shan and Troshani, 2014; Un, 2016). This indicates minimal multicollinearity impact, affirming the integrity and reliability of
our econometric approach in exploring the impact of climate change-induced disasters on RE innovation.

5. Discussion and conclusion
5.1. Discussion

This study investigates the impact of climate change-induced disasters on firms’ pursuit of RE innovation. Integrating the BTOF
with the threat rigidity model, we delve into strategic decision-making in firms confronted with such disasters. Our findings reveal a
significant increase in RE innovation post-disaster, especially among firms operating below their aspiration levels. This observation is
in line with the BTOF, suggesting that firms underperforming against their targets are more inclined to innovate to improve their
situation (Cyert and March 1963; Gaba and Bhattacharya, 2012). This finding not only supports but also extends the BTOF by applying
it to the context of environmental crises, offering a fresh lens through which to view firm responses to climate change challenges. This
result is consistent with Ma et al. (2024), who found that natural disasters motivate firms to pursue green innovation.

Similarly, Marshall et al. (2021) noted increased investment in green funds post-disaster, indicating that both firms and investors
recognize the value of sustainable practices during such events. Moreover, this finding extends the work of Huang et al. (2018) and
Krueger et al. (2020), who highlighted the impact of climate risks on corporate performance and decision-making but did not explore
the specific role of aspiration levels in shaping these responses. Our study fills this gap by demonstrating how aspiration levels in-
fluence firms’ behavior in the face of climate change-induced disasters.

In terms of firms with a history of experiencing disasters, our findings reveal a tendency towards reduced investment in RE
innovation post-disaster. This observation is in line with the principles of the threat rigidity model, which posits that prolonged or
repeated exposure to threats can cause organizations to adopt more rigid, conservative strategies, focusing on immediate survival and
efficiency over innovation (Staw et al., 1981). This more cautious approach contrasts with the proactive stance adopted in some other
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Fig. 2. Forest plots of meta-analyses.
Source: Authors’ analysis using STATA.
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Table 4
Results of robustness tests.
g A 8 8 & 2 ] 5 2 & 2 3z = o = 2 2 S @ 2
é a a A a a a a a a a
Overdispersion test 2.66%* 0.22 0.88 2.66%* 2.66%* 4.12%* 3.91%** 0.76 0.76 0.76 5.00%* 5.00** 5.00%* 2.62%* 2.86** 2.86%* 7.84** 7.84** 7.84**
(t-value)
Hausman test (Chi- 0.59 13.89 -1.05 0.59 0.59 -15 3.711 —-0.96 —0.96 —0.96 0.296 0.296 0.296 -1.93 0.454 0.454 —8.93 —8.93 —8.93
square)
VIF (Mean value) 1.53 1.48 1.46 1.53 1.53 1.53 1.49 1.48 1.48 1.48 1.5 1.5 1.5 1.43 1.5 1.5 1.5 1.5 1.5

Note: *** p<.01, ** p<.05, * p<.1.
Source: Authors’ analysis using STATA.
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studies. For instance, while Ren et al. (2022) suggested that extreme climate events might trigger increased production in specific
industries, especially under strict environmental regulations, our findings indicate that the direct experience of disasters can lead firms
to prioritize stability over innovation. The integration of the BTOF with the threat rigidity model in this study offers a comprehensive
framework for understanding how the performance-aspiration gap and reactions to perceived threats collectively shape a firm’s
strategic response to climate change impacts. This approach to strategic decision-making in firms with extensive disaster history re-
flects a prioritization of risk mitigation and resilience. It complements the findings of Marshall et al. (2021) and provides an additional
perspective on the varied impacts of climate risks across industries noted by Huang et al. (2018) and Ren et al. (2022).

Our findings also contribute to the literature by highlighting the nuanced relationship between a firm’s past experiences and its
innovation behavior. For example, Augustine et al. (2019) and Raynard et al. (2020) discussed the role of temporal continuity in
shaping firms’ responses to climate risks. Our study adds to this discussion by suggesting that firms with a history of natural disasters
are likely to draw on these past experiences, leading to a more conservative approach to RE innovation. This insight aligns with the
principle of temporal continuity, which posits that firms’ risk attitudes and strategic decisions are influenced by their historical ex-
periences (Imas, 2016; Lant and Shapira, 2008).

5.2. Theoretical implications

This study contributes to environmental management, strategic decision-making, and organizational behavior by extending the
BTOF (Cyert and March 1963) to the context of environmental crises. By applying the BTOF to climate change-induced disasters, the
study highlights how the performance-aspiration gap drives firms toward RE innovation. This finding aligns with Mithani et al. (2021),
who noted that natural disasters, while threatening, also create innovation opportunities. Our study advances this by showing how
climatological disasters influence firms’ pursuit of RE innovation, thereby expanding the understanding of how environmental threats
influence strategic decisions.

Furthermore, the integration of the threat rigidity model (Staw et al., 1981) provides deeper insight into how historical experiences
with natural disasters influence a firm’s behavior in response to new environmental challenges. By incorporating the BTOF with the
threat rigidity model, this research broadens the understanding of how firms’ past encounters with disasters shape their behavior,
particularly in pursuing RE innovations. This integration addresses a gap in the literature, as noted by Dunz et al. (2021) and Fabrizi
et al. (2018), by demonstrating how performance-aspiration gaps and the experience of threats interact to drive firms’ innovation
behaviors.

5.3. Managerial implications

This research holds significant managerial implications for business leaders. It underscores the importance of considering a firm’s
history of natural disasters and its performance relative to aspirations in strategic planning. Firms with a history of natural disasters
might find it beneficial to develop strategies that balance immediate survival with RE innovation goals. Additionally, the findings
suggest that periods following disasters offer opportunities for firms to reassess and enhance their sustainability strategies, particularly
in pursuing RE innovations. Furthermore, the study provides valuable insights for firms in building resilience against future envi-
ronmental threats. Understanding the impact of a firm’s history of natural disasters on its innovation propensity can inform more
effective risk management and resilience-building strategies.

5.4. Policy implications

For policy-makers, the study’s findings are instrumental in shaping appropriate policies and incentives. Understanding how firms
respond to climate change-induced disasters is vital in developing targeted policies and incentives. In particular, the study reveals that
firms performing below their aspiration level are more inclined towards RE innovation. Policy-makers can leverage this insight to
create policies that support these firms, thereby encouraging sustainable practices and technological advancements in RE. This
approach could include incentives for research and development in renewable technologies or support for smaller firms striving to
innovate in the face of environmental challenges. Developing such policies is crucial for fostering a sustainable and resilient business
environment.

5.5. Limitation and future work

This study provides insights into how climate change-induced disasters affect RE innovation, but it has limitations that suggest
directions for future research. A key limitation is the assumption that firms treat all stakeholders equally, without prioritizing specific
groups. In practice, firms often prioritize stakeholders based on industry, lifecycle, and external pressures (Kolk and Pinkse, 2007).
Future studies could examine how stakeholder prioritization influences firms’ RE innovation decisions, enhancing understanding of
stakeholder management’s role in environmental strategies.

Moreover, while the role of governance and top leadership is acknowledged as significant in the pursuit of innovation, this study
did not include governance-related controls in order to focus specifically on the direct effects of climate change-induced disasters.
Future research could benefit from incorporating governance variables to explore how leadership and organizational structure in-
fluence the pursuit of RE innovation in response to environmental crises. Furthermore, as highlighted by Zaman et al. (2021), insti-
tutional investors and equity analysts play a crucial role in shaping firms’ behavior, particularly in green-innovative firms.
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Incorporating these variables in future studies could provide a more nuanced understanding of how external stakeholders, such as
institutional investors, influence the pursuit of RE innovation and its financial outcomes.

Additionally, the study mainly focuses on the impacts of climate change-induced disasters on RE innovation. Future research could
explore the broader spectrum of climate change impacts, including nature-driven, policy-driven, and market-driven effects (Zhou and
Wen, 2020), offering a more holistic view of the challenges and opportunities for firms. Moreover, the geographic scope of this study is
limited to U.S. firms, potentially overlooking the global variance in responses to climate disasters. Expanding the research to include
firms from different regions could provide a more global perspective on RE innovation in the face of climate change. Furthermore, the
study concentrates on publicly traded U.S. firms, excluding privately held firms that might have different responses to climate change
(Mithani et al., 2021). Future research including privately held firms could yield a more comprehensive understanding of the business
landscape’s response to environmental challenges.

5.6. Conclusion

This study addresses a vital gap in understanding firms’ strategic responses to environmental crises, especially in the context of
climate change. By integrating the BTOF with the threat rigidity model, our study offers a unique perspective on firms’ strategies amid
environmental uncertainty and the need for sustainable innovation. The observed increase in RE innovation, particularly among firms
below their aspiration levels, highlights the importance of adaptability and the potential for positive environmental impact, even
under adversity. This underscores the necessity for businesses to continuously adapt and realign their strategies in response to
environmental challenges. Ultimately, this research paves the way for a deeper understanding of the link between environmental crises
and corporate innovation, contributing to discussions on sustainability and corporate environmental responsibility.
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