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ABSTRACT

Firm-level Climate Action Response Plans (CARPs) comprise firms' climate change mitigation and adaptation commitments.
Encouraging firms to develop CARPs is thus vital for meeting ever-pressing climate goals. Understanding the resources and

capabilities facilitating firms to develop CARPs can inform evidence-based approaches to accelerate firms' climate efforts. Using

Ireland as our empirical laboratory and drawing on novel and highly detailed data, we explore the characteristics that distinguish
firms that develop and do not develop CARPs. We find that firms developing CARPs (1) exhibit strong market performance, in
terms of productivity and sales, (2) engage in international markets, (3) are highly R&D and innovation active and (4) already
use digital technologies. Our findings suggest that firms may require high levels of resources and capabilities when designing
CARPs to respond and adapt to climate change. Our paper offers new insights for business strategy and policy regarding using

CARPs to guide climate efforts by firms.

1 | Introduction

Firms have a pivotal role to play when it comes to mitigating
climate risks and lowering environmental impacts (Rezaeian
et al. 2024; Nicolajsen et al. 2025). Given the urgent global need
to respond to climate change, there is increasing pressure for
firms to accelerate climate change mitigation and adaptation
efforts (Unger and Nippa 2024; Desmoitier et al. 2025). At the
firm level, climate change mitigation entails firms moving be-
yond pure ‘corporate’ responses to climate change that are
mainly driven by an economic rationale, such as, for example,
by increasing resource efficiency (Rennings and Rammer 2009).
Instead, it requires firms to truly align business practices with
global climate goals (Unger and Nippa 2024; Raimo et al. 2025).
Adaptation refers to firms taking stock of, and responding to,
the risks of climate change (Rezaeian et al. 2024). Developing

a firm-level Climate Action Response Plan (CARP) is a critical
first step to this end (Johnson et al. 2023; Carbon Disclosure
Project [CDP] 2024). Also known as Climate Transition Plan,
a CARP is a time-bound plan outlining how a firm intends to
align strategies, assets, operations and business activities to mit-
igate and adapt to climate change (CDP 2024). As articulated
by the CDP, ‘there is a pressing need to further define credible
actions and support progress, particularly in transition plan-
ning’ (CDP 2024, 5). Despite this, our understanding regarding
the extent to which firms are developing CARPs, and especially,
the characteristics of firms leading such efforts, remains very
limited (Littlewood et al. 2018; Johnson et al. 2023). This is a
critical gap in existing knowledge, as the drivers of climate ac-
tion by firms remain only vaguely understood, while firm-level
climate behaviour is ‘changing too slowly and too marginally’
(Unger and Nippa 2024, 4086). Our paper addresses this gap by
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answering the following research question: What are the key
characteristics that empirically distinguish firms that develop
and do not develop CARPs?

By addressing the above question, we make three key contribu-
tions to the literature regarding how firms mitigate and adapt
to climate change. Our first contribution is to propose some
key theoretical avenues through which CARPs can serve as
a critical tool for encouraging deeper climate action in firms.
This is important for two reasons. Firstly, in the context of cli-
mate action, firms primarily focus on climate change mitiga-
tion as opposed to adaptation (Walenta 2020). Secondly, firms
also tend to follow an economic imperative with regard to cli-
mate actions, placing their prime focus on economic returns
(Rexhduser and Rammer 2014; Fremstad and Paul 2022). This
has spurred the criticism that firms primarily engage in ‘green-
washing’ as opposed to proactive climate action efforts (Coen
et al. 2022; Galbreath et al. 2023; Lu et al. 2024). Several recent
studies specifically highlight that firms need to move beyond
existing ‘corporate’ approaches to climate change and commit
to more substantial and strategic climate change mitigation and
adaptation activities (e.g., Unger and Nippa 2024; Desmoitier
et al. 2025; Raimo et al. 2025). However, how to encourage firms
to engage in such activities remains a significant gap in existing
knowledge. For Walenta (2020, 3), given firms' combined pres-
ence and influence in climate action efforts, ‘sustained research
on their role is much needed’. Our focus on CARPs directly con-
tributes to addressing this knowledge gap.

Our second contribution relates to the fact that empirical studies
on firm-level climate actions have hitherto mainly focused on
individual activities that firms carry out to mitigate or adapt to
climate change. Some critical examples of such activities include
implementing environmental resource-efficient technologies
(Aldieri et al. 2022), engaging in corporate social responsibil-
ity (Weinhofer and Busch 2013), implementing environmen-
tal management tools (Ko and Liu 2017) and environmental
disclosure activities (Brouhle and Harrington 2009; Karim
et al. 2021). As we discuss in Section 2.1 in more detail, these
studies have been critical for understanding the type of climate
activities that firms engage in and the rationales driving their
decisions. Littlewood et al. (2018), however, highlights that only
a few studies have considered the extent to which firms engage
in climate action in an ‘integrative’ (holistic) way and that ad-
dressing this issue is paramount. Heredia et al. (2024, 2813), in
turn, notes that ‘there is a lack of a comprehensive framework
to define and implement climate change mitigation strategies in
organisations’. Our focus on CARPs contributes to addressing
this issue, as developing a CARP is a critical first step to holistic
and comprehensive responses to climate change (CDP 2024).

Our third contribution is to undertake an exploratory empirical
analysis of the characteristics that distinguish firms that have
and have not developed CARPs. We achieve this by using a rich
database, beyond the level of detail provided by studies here-
tofore. This is an important contribution, as only a few studies
have investigated CARPs or similar firm-level proactive climate
strategies (e.g., Littlewood et al. 2018; Negri et al. 2021; Bose
et al. 2023; Johnson et al. 2023; Treepongkaruna et al. 2024).
While vital for understanding the drivers of CARPs, most of
these studies have primarily focused on globally active and

mostly large-sized firms, by drawing on CDP and similar data.
Other studies such as Heredia et al. (2024) and Unger and
Nippa (2024) extended the focus to small- and medium-sized
firms. Despite this, these studies have mainly considered a
narrow set of firm characteristics, such as firm size and sector.
Unger and Nippa (2024) have recently highlighted the need for
studies on firm-level characteristics that influence the adoption
of climate neutral strategies in firms, such as CARPs. Our study
responds to this call, by considering a comprehensive set of vari-
ables measuring firms' economic performance, R&D and inno-
vation activities and other key characteristics influencing how
firms operate. To the best of our knowledge, this is the first time
that such a comprehensive exploratory analysis is undertaken.

Our analysis is based on a sample of 1959 firms, with 460 firms
(i.e., 23.4%) having developed and 1499 having not developed
CARPs. To undertake our analysis, we use a combination of
exact propensity score matching (PSM) approaches and probit
regression analyses. First, we match firms according to their en-
vironmental footprints, as measured by their energy intensity,
and the extent to which they recognise the importance of having
CARPs in place, among other key characteristics. While some
of these matched firms developed CARPs, other firms did not.
Following this, we carry out a deep-dive exploratory empirical
examination of the characteristics associated with firms devel-
oping and not developing CARPs, using our matched sample.
As Kouloukoui et al. (2021) note, firm-level heterogeneities af-
fect firms' levels of exposure to climate-related risks and can
result in different levels of climate responses. Our exploratory
approach thus permits comparing ‘like with like’.

From a policy perspective, our paper offers critical insights, with
the potential to inform the design and implementation of policy
actions and interventions to encourage firms to develop CARPs.
For Westman et al. (2021, 108), despite significant policy efforts
to encourage firms to adopt deeper climate efforts, firms' exist-
ing climate efforts are only ‘producing incremental improve-
ments or even cementing the status quo’. Some recent studies
highlight the need for more targeted policy efforts to encourage
firms to enhance their existing climate change mitigation and
adaptation efforts (Johnson et al. 2023; Desmoitier et al. 2025).
In line with Anderson et al. (2023), designing and implement-
ing such policies require first understanding the specific target
population to ensure that they are economically, socially and
politically viable.

The remainder of the paper is organised as follows: Section 2
focuses on firm-level CARPs for firms mitigating and adapt-
ing to climate change and proposes some hypotheses to guide
our exploratory empirical analysis. Section 3 outlines the data
and empirical approach. Section 4 discusses the main empirical
characteristics that distinguish those firms that developed and
did not develop CARPs. Section 5 concludes by discussing our
results, as well as providing a discussion of the policy and man-
agerial implications of our findings.

2 | Firm-Level CARPs

In this section, we discuss how firm-level CARPs can enable
firms to take stock of the opportunities and challenges associated
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with climate change. We then turn to how this can result in a
deeper and more holistic approach to climate change mitigation
and adaptation activities in firms. By focusing on CARPs, we ad-
vance existing debates in the literature regarding how firms can
navigate important complexities and engage in more proactive
climate change mitigation and adaptation strategies. Finally, we
review the limited evidence regarding the extent to which firms
are developing CARPs before setting up the hypotheses that
guide our exploratory empirical analysis.

2.1 | The Importance of Firm-Level CARPs

Firms play a critical role in climate change mitigation and ad-
aptation efforts, and a large body of literature focuses on the
activities that firms carry out in this regard. Key examples of
this include studies on corporate climate strategies (Weinhofer
and Busch 2013) and sustainability reporting (Brouhle and
Harrington 2009; Karim et al. 2021). A common insight emerg-
ing from these studies is that firms mainly engage in climate
change mitigation activities, but not so much on climate change
adaptation (Westman et al. 2021). The latter refers to strategic ap-
proaches that alter firms' business activities in order to respond
to the challenges from climate change in a holistic way and meet
climate goals beyond mere efficiency improvements. Moreover,
while firms are increasingly engaging in climate change mitiga-
tion activities, the progress made has been hitherto insufficient
for meeting existing climate goals (Schoéller and Ulmer 2023; Lu
et al. 2024). Underpinning this issue is the fact that firms mainly
engage in climate action by following an economic rationale.
More specifically, firms mainly engage in climate actions that
can result in cost reduction, improved performance or competi-
tive advantage (Weinhofer and Busch 2013; Coen et al. 2022). In
the absence of such tangible economic benefits, firms may not
always follow through with their climate promises and engage
in the so-called ‘greenwashing’ (Coen et al. 2022; Lu et al. 2024).

In response to the above, academic and policymakers increas-
ingly recognise that meeting climate targets requires firms
aligning their climate strategies with global climate targets, as
outlined by the Paris Agreement (FCCC 2025). To achieve this,
firms should adopt science-based climate targets, as opposed
to targets that are feasible within existing business models
(Walenta 2020). This will also likely entail significant changes
in the way they operate and leverage physical and intangible
resources (Rezaeian et al. 2024). This means that firms will
need to move beyond existing ‘corporate’ approaches to climate
change and put the environment first (Desmoitier et al. 2025;
Mili¢ et al. 2026). Despite a significant body of literature on
the above-noted firm-level climate actions, how to encourage
firms to engage in more meaningful climate change mitigation
and adaptation efforts prevails as a key question (Unger and
Nippa 2024; Desmoitier et al. 2025).

Firm-level CARPs can help to achieve the above. CARPs are
time-bound holistic strategies through which firms seek to re-
orient their assets, operations and business activities, to miti-
gate and adapt to climate change (CDP 2024). When compared
to existing ‘corporate’ approaches to climate change mitigation
and adaptation (e.g., corporate climate strategies and corpo-
rate environmental management), a key distinctive feature of

CARPs is that they place the environment first. Developing a
CARP begins by analysing how the quality of the environment
can enable/hinder the activities of a firm and how the firm can
play a central role in shaping this environment (CDP 2024). By
adopting this perspective, CARPs enable firms to identify poten-
tial climate change-related challenges and risks, some of which
are direct (e.g., risks of physical risks due to climate change)
and indirect (e.g., changing consumer preference). Importantly,
CARPs also enable firms to identify possible limitations in their
existing knowledge base, to effectively engage in climate action.
This represents a critical first step to respond and adapt to such
challenges. Based on this, CARPs can constitute a critical an-
alytical tool for firms to understand their dependency and ef-
fect on the environment and how to adapt and mitigate climate
change-related challenges.

Asnoted earlier, most of the previous studies have mainly looked
at individual activities that firms carry out to mitigate and adapt
to climate change (Littlewood et al. 2018; Johnson et al. 2023;
Heredia et al. 2024). As illustrative examples, some studies in-
vestigated how firms improved the environmental performance
of supply chains (Negri et al. 2021) or engaged in sustainability
reporting (Johnson et al. 2023), among a plethora of other activi-
ties. As Littlewood et al. (2018, 1438) note, ‘[t]o date, few studies
have examined integratively, and using empirical data collected
from practising managers, the drivers of and outcomes from
corporate commitment to climate change action’. For Heredia
et al. (2024), this has resulted in a lack of coherent and holistic
framework to guide firm-level climate action. By focusing on
both climate change mitigation and climate change adaptation,
CARPs bring together all such individual activities that firms
carry out to respond and adapt to climate change under one
holistic framework. For example, CARPs can enable firms to
focus on climate change-related challenges and how they are
and likely set to affect firms' operations. This, in turn, can en-
able firms to see the full picture and encourage them to engage
in proactive climate strategies that comprehensively address all
climate threats under a coherent and holistic approach.

Finally, the increasing awareness of climate change-related
issues by consumers and investors can potentially enable
firms to internalise some of the benefits of their climate ac-
tions (Backman et al. 2015). However, several studies have
noted that existing climate action reporting and benchmark-
ing mechanisms do not fully enable assessing which firms are
truly engaging in climate efforts (Walenta 2020; Desmoitier
et al. 2025). Indeed, it is difficult for consumers and inves-
tors to distinguish between firms that actively engage in cli-
mate efforts and firms engaging in ‘greenwashing’ (Heredia
et al. 2024; Lu et al. 2024). CARPs can improve firm-level
transparency and accountability regarding climate action.
An important element in this regard is that CARPs can align
firms' climate actions with countries Nationally Determined
Contributions (NDCs), as opposed to business specific cli-
mate goals. NDCs are the commitments made by countries
to align with global climate goals. This can enable firms and
countries to speak the same language and share the same
goals, with regard to climate action. In turn, this can enhance
transparency and accountability, making it easier for consum-
ers and investors to clearly identify climate leaders and lag-
gards (Desmoitier et al. 2025). CARPs can provide effective
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market signals and enable firms to reframe their investments
in climate change-related activities over longer term horizons
(Blanco et al. 2020; Vollebergh 2023).

The above highlights the importance of CARPs and how CARPs
represent a critical tool for moving beyond conventional ‘corpo-
rate’ approaches to climate change. The next section focuses on
the limited exciting literature regarding firm-level CARPs and
what types of firms are developing them.

2.2 | Evidence of Firms Developing CARPs

While firm-level CARPs are becoming increasingly important
for corporate climate efforts (CDP 2024), the existing evidence
on the drivers of firm-level CARPs remains very limited. It is
important to note that, as discussed in Section 2.1, a significant
body of earlier studies focused on other corporate environmen-
tal strategies, most notably corporate climate strategies, sustain-
ability reporting and strategies for environmental management.
Yet, as noted in Section 2.1, these strategies are intrinsically
different than CARPs, in the sense that they arise from a busi-
ness focus. Unger and Nippa (2024) also recently noted that
most studies on the development and adoption of climate neutral
strategies by firms have mainly focused on the barriers affecting
these issues. Significantly less research has been carried out on
the characteristics of firms that adopt comprehensive climate
change strategies. Our study addresses this issue by focusing on
the characteristics of firms that develop CARPs.

Our study builds on and advances a limited number of stud-
ies on firm-level characteristics, which are associated with the
development of CARPs. Kouloukoui et al. (2021), for example,
show that the intensity of firm-level carbon emissions, firm size,
power of shareholders and firms' countries of origin are import-
ant determinants of firms' perceptions of the threats associated
with climate change. This is important, as such perceptions are
responsible for driving the development of firm-level CARPs. de
Abreu et al. (2021) emphasise the role of environmental regula-
tion and market dynamics for driving the development of low
carbon strategies as part of CARPs by firms in the oil and gas
sector. This study finds that internal pressures from employ-
ees and investors do not play an important role in the extent to
which such firms develop low carbon strategies. By contrast,
Bose et al. (2023) report that executive compensation linked to
environmental performance drives environmental climate strat-
egies in firms, as measured by the development of CARPs (see
also Todaro et al. 2021).

Kren and Lawless (2023) focus on how the adoption of digital
technologies (i.e., cloud computing and artificial intelligence) by
firms is a precondition for the development of firm-level CARPs.
The study finds that digital technologies play a key role in de-
signing and developing climate change mitigation and adapta-
tion strategies (Kren and Lawless 2023). Unger and Nippa (2024)
offer important insights on the drivers of carbon neutral strate-
gies, which are similar to CARPs, for firms in different industries
across 27 EU countries. The findings reveal that environmental
regulation drives the development of climate neutral strategies,
especially for firms in environmental resource-intensive indus-
tries. The study also shows the relevance of internal firm-level

characteristics, such as their level of climate change awareness,
to drive the development of climate neutral strategies. However,
this result refers to large and established firms only.

While the above studies provide important insights regarding
the firm-level characteristics associated with firms develop-
ing CARPs, the current evidence on this topic remains largely
incomplete. To the best of our knowledge, the study by Unger
and Nippa (2024) is one of the most detailed ones on this topic.
However, as the authors note, their analyses result in relatively
low effect sizes and explanatory power. Therefore, the authors
specifically call for future studies to enhance our existing lim-
ited understanding on the drivers of carbon neutral strategies,
such as CARPs. Moreover, besides Kren and Lawless (2023)
and Unger and Nippa (2024), most other studies primarily focus
on large or multinational firms, as they draw on data from the
Carbon Disclosure Project (CDP 2024) and similar surveys of
large firms. While very rich in terms of the number of firms cov-
ered across countries, the dominance of large firms in the CDP
dataset is by now a well-known limitation (Blanco et al. 2020).
Our study advances the insights offered by such previous stud-
ies by (1) exploring characteristics distinguishing firms that de-
velop and do not develop CARPs that have not been considered
by previous studies (see Section 2.3) and (2) extending the focus
to small-, medium- and large-sized firms.

2.3 | Characteristics of Firms Developing
Firm-Level CARPs

In empirically analysing the characteristics that distinguish
firms that develop and do not develop CARPs, we conceptualise
the development of a CARP to be similar to investing in intangi-
ble assets. This is in line with studies by Russo and Fouts (1997),
Gans and Hintermann (2013) and Albitar et al. (2023), which
highlight the importance of firms investing in environmental
action as a means of developing environmental capabilities. We
adopt this conceptualisation for two reasons. Firstly, developing
CARPs may require firms to invest in organisational resources
and organisational restructuring, without knowing if they are
going to result in economic returns (de Abreu et al. 2021; Bose
et al. 2023). Since CARPs may not directly result in cost saving
or higher productivity, new value creation from climate action
will thus mainly arise from signalling effects of CARPs induc-
ing customers and investors to recognise firms as climate lead-
ers (Donbesuur et al. 2021; Bose et al. 2023). Together, these
issues mean that CARPs can require significant investments,
but the extent to which such investments will result in tangible
economic returns is highly uncertain.

Secondly, the above is further affected by the fact that develop-
ing CARPs can result in positive externalities, both in terms of
knowledge spillovers and lower environmental impacts. This is
very similar to the ‘double externality’ issue affecting firms' in-
vestment in green/environmental R&D (Rennings 2000). This
means that firms may be unable to fully internalise the benefits
arising from environmental quality improvements associated
with their climate actions. Moreover, developing CARPs may re-
quire firms to identify multiple channels through which climate
change may be affecting their operations and develop strategies
to mitigate and adapt to these. Firms may need to develop new
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solutions or ways of doing things, with the potential to shape
existing product, services and business models (Donbesuur
et al. 2021; Albitar et al. 2023). It is possible that firms that invest
in developing CARPs can enjoy first mover advantages, at least
for a limited time. However, other firms will be able to copy or
reverse engineer the activities comprising CARPs, without hav-
ing to invest the same levels of resources.

Conceptualising CARPs as intangible resources is important, as
it brings characteristics of firms into perspective that have not
been considered by previous studies on the drivers of CARPs.
As is the case with other types of intangible investment, most
notably R&D and innovation, firms need in-house financial re-
sources to finance CARP development activities (Montresor and
Vezzani 2021; Perez-Alaniz et al. 2023). This is especially true
for small- and medium-sized firms, which typically have very
limited access to external finance for investing in intangibles
(Garrido-Prada et al. 2021). As firms' levels of internal financial
resources are directly related to their market performance, the
better firms perform in the market, the easier it will be for them
to develop CARPs (Perez-Alaniz et al. 2023). As demonstrated
in the context of R&D and innovation, a strong market perfor-
mance can also result in firms being more open to invest in
more explorative and longer term R&D activities (Perez-Alaniz
et al. 2023). Based on this, we suggest the following hypothesis:

Hypothesis 1. Firm-level performance in the market will be
positively related to firms developing CARPs.

Developing a CARP requires skills and in-house capabilities,
which are similar to the capabilities required for creating and
applying new knowledge within the firm (Chatzistamoulou and
Tyllianakis 2022). R&D and innovation are key avenues through
which firms develop both internal knowledge and absorptive ca-
pacity, defined as firms' ability to identify and assimilate valu-
able knowledge (Cohen and Levinthal 1990). Garrido-Prada
et al. (2021) demonstrate in the context of circular economy
activities that firms that invest in internal R&D activities are
more likely to benefit from the insights emanating from avail-
able publicly funded research. Firms with extensive internal
knowledge capabilities, and those that can identify and ab-
sorb external usable knowledge, will hence be better equipped
to develop CARPs. Equally important is the ability of firms to
successfully commercialise innovations, as this signals firms'
capacities to tailor products and services to meet changing con-
sumer demand and evolving regulatory and market frameworks
(Perez-Alaniz et al. 2026). In the context of developing CARPs,
having successfully introduced innovations to the market can
represent an important precondition, at the time of engaging in
technically demanding and uncertain climate-related activities.
Based on this, our second hypothesis is as follows:

Hypothesis 2. Firms'levels of R&D and innovation activities
will be positively related to firms developing CARPs.

When developing CARPs, firms may need to collaborate with
external organisations, especially with higher education institu-
tions (HEIs). HEIs could serve as an important entry point for
accessing and developing new climate change-related knowl-
edge (Garrido-Prada et al. 2021). Such collaborations can poten-
tially expose firms to new knowledge which is outside of their

existing knowledge frontiers (Perez-Alaniz et al. 2026). This, in
turn, can encourage firms to engage in more radical and explor-
ative types of research activities, with the potential to make fun-
damental changes in the way firms operate. Engaging in such
collaborations has been shown to be key for firms overcoming
knowledge obstacles affecting their R&D and innovation activi-
ties (e.g., Antonioli et al. 2017). Based on this, our third hypoth-
esis is as follows:

Hypothesis 3. Engaging in R&D collaborations with Higher
Education Institutions will be positively related to firms develop-
ing CARPs.

Developing a CARP is also likely to be supported by digital tools
to monitor and report climate actions. The critical importance
of digital technologies for climate action is typically encapsu-
lated by the concept of the green and digital ‘twin transition’
(Kren and Lawless 2023). Underpinning this concept is the un-
derstanding that digital technologies are key enablers of firms'
environmental and climate actions (Chatzistamoulou 2023).
The adoption and use of digital technologies by firms have been
shown to be directly related to the extent to which firms are
digitally ready (Hein et al. 2026). This means that firms have
sufficient internal human and capital resources to effectively
benefit from emerging digital technologies (Pirola et al. 2020).
Therefore, firms that are already using digital technologies and
tools and firms that are digitally ready, will be in a good position
to develop CARPs. This leads to our fourth hypothesis:

Hypothesis 4. The levels of firms’ digital readiness will be
positively related to firms developing CARPs.

Ultimately, developing a CARP is a key management decision
(Littlewood et al. 2018; Cadez et al. 2019). To leverage the full
potential of such plans, CARPs must be well integrated into a
firm's other strategic actions, including marketing, new prod-
uct development, internationalisation and investments (Albitar
et al. 2023). Therefore, it is likely that firms with strong manage-
ment capabilities and resources will find it easier to develop and
utilise CARPs. Bose et al. (2023) shows that senior management
commitment to climate action is an important driver for firms
developing carbon neutral strategies, as part of CARPs. Based
on this, we propose that:

Hypothesis 5. Firms' levels of managerial resources will be
positively related to firms developing CARPs.

Finally, as discussed in Section 2.1, consumer preference can
be a major driver for firm-level engagement in climate-related
innovation (Horbach et al. 2012) and environmental strategies
(Cadez et al. 2019; Blanco et al. 2020). Given the increasing cli-
mate sensitivity of consumers, public organisations and business
partners, firms are increasingly required to demonstrate climate
responsiveness to compete in global markets (Chatzistamoulou
and Tyllianakis 2022). For some firms, the main economic bene-
fits may only emerge from the signalling effects that developing
CARPs can generate. While this affects all firms, it is likely to
be especially important for firms serving international markets
(Ghisetti et al. 2021) and firms acting as suppliers for public sec-
tor organisations (Shadrina et al. 2022). Based on this, our fifth
hypothesis is as follows:
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Hypothesis 6. Competing in international markets and
being a public sector supplier will be positively related to firms de-
veloping CARPs.

The above six hypotheses encapsulate the key dimensions that
typically affect firm-level investments in intangibles. Following
the conceptualisation of CARPs adopting in this paper, they can
thus help explain the key characteristics distinguishing firms
that develop and do not develop CARPs.

3 | Data and Empirical Approach
3.1 | Data

Our exploratory analysis uses a detailed database with novel
information on firms in Ireland, from the Annual Business
Survey of Economic Impact (ABSEI). This is an annual panel
survey, conducted by Ireland's Department of Enterprise,
Tourism and Employment (DETE). Targeting approximately
4000 firms annually, with a response rate of approximately
65%, ABSEI covers a large and representative sample of the
domestic and foreign-owned firms located in Ireland (Kren
and Lawless 2023).

The ABSEI survey is unique, as it is obtained from a sample
frame covering all firms that have ever engaged with any of
Ireland's enterprise development agencies (DETE 2020).! While
highly detailed, the ABSEI survey is not fully representative of
all firms in Ireland, especially with respect to less resource-in-
tensive firms outside the networks of enterprise development
agencies. Despite this, the ABSEI survey is highly suitable for the
purpose of our exploratory analysis, for two reasons. Firstly, the
focus of our analysis is exploratory and centred on understand-
ing the characteristics of firms that have developed CARPs. This
means that the group of interest comprises those firms that have
developed CARPs, as opposed to all firms in Ireland. Secondly, a
vast literature suggests that levels of internal resources are posi-
tively related to the probability of firms engaging in environmen-
tal and climate action (e.g., Brouhle and Harrington 2009; Ko and
Liu 2017; de Abreu et al. 2021; Johnson et al. 2023). Based on this,
the possibility of ignoring important groups of less resource—-in-
tensive firms that also develop CARPs is very small.

For our key variable of interest, we exploit the 2020 ABSEI
survey wave, which, for the first time, included a question on
whether firms developed a CARP. For identifying the charac-
teristics of firms in order to analyse the hypotheses discussed
above, we rely on firm-level information from earlier ABSEI
survey waves. Our analysis thus only includes those firms in
our sample that responded to the 2020 survey and to at least
two previous waves. We do this for two main reasons. The first
reason is that the question regarding CARPs in the 2020 ABSEI
survey wave does not specifically state the year in which firms
have developed CARPs (see Section 3.3 for the specific question).
It is likely that firms have developed CARPs before 2020. The
second reason is that the period from 2020 onwards coincides
with the COVID-19 pandemic, which could have substantially
affected firm behaviour, performance and sustainability prior-
ities. Using firm-level information before 2020 avoids concerns

about the stability of the observed relationships during the years
of the pandemic.

Based on the above, our sample comprises 3063 firms that re-
sponded to the 2020 ABSEI survey wave. From these, we focus
on 1959 firms for which we also have information before 2020.
Of these 1959 firms, 460 firms (i.e., 23.4%) have developed
CARPs, while 1499 have not.

3.2 | Empirical Approach

Our exploratory analysis seeks to identify key differences be-
tween firms that develop and do not develop CARPs. Such a
focus implicitly assumes that firms that develop and do not
develop CARPs are intrinsically different from each other.
Therefore, issues of endogeneity due to self-selection do not
strictly apply in this case. However, the firm-level characteris-
tics that we focus on (see Section 2.3) are likely related to other
overarching firm-level dynamics and characteristics that have
been the focus of previous studies. As a critical example, firms
experiencing climate change-related challenges may have
specific incentives to develop CARPs, in comparison to firms
not experiencing such challenges (Ben-Amar et al. 2022). The
same is likely true for environmental resource-intensive firms
and firms operating in highly regulated markets, where the
pressure to improve climate performance may be especially
high (Dewick et al. 2019). One also needs to recognise that
the development of CARPs can arise as firms improve their
environmental practices, such as the adoption of renewable
sources of energy. Not controlling for these issues can poten-
tially hinder the extent to which we can empirically analyse
characteristics discussed in Section 2.3.

We account for the above by adopting a two-stage approach.
In the first stage, we use Propensity Score Matching (PSM) to
construct a sample of firms that have developed CARPs and
firms that have not developed CARPs but that share a simi-
lar set of underlying key characteristics to the first group of
firms. PSM is widely used in evaluation studies for identify-
ing the impacts of a given intervention on firm-level outcomes
(Vanino et al. 2019; Lenihan et al. 2025). However, as demon-
strated by Klingebiel and Rammer (2020), PSM can also be
used as a sample construction methodology. In the specific
case of Klingebiel and Rammer (2020), the study seeks to un-
derstand the characteristics of firms that decide to continue or
discontinue innovation projects. Before exploring a compre-
hensive set of firm-level characteristics, the authors propose
that factors affecting such a decision will be different for firms
of different sizes and industrial sectors. The number of inno-
vation projects that firms engage with is also noted as a key
factor. Therefore, PSM is used to ensure that these key charac-
teristics are balanced in the working sample. Our approach is
similar to that of Klingebiel and Rammer (2020) but applied to
the context of CARPs.

To implement our PSM approach, we estimate firms' probabili-
ties to develop CARPs with the following probit model:

CARP; = fy+ pix;+¢; D
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TABLE1 | Variables used in the matching process.

Variables for matching

Definition

Microfirm <10 employees
Small firm 10-19 employees
Small firm 20-49 employees

Sector

Binary variable =1 if firms have fewer than 10 employees, otherwise =0.
Binary variable =1 if firms have between 10 and 19 employees, otherwise =0.
Binary variable =1 if firms have between 20 and 49 employees, otherwise =0.

Categorical variable with sectors as defined and aggregated by the Department

of Enterprise, Trade and Employment (DETE) in the ABSEI Survey:

Region in Ireland where firms are located

Domestic

Energy and fuel intensity (natural log)

1. Business Financial and Other Services
2. Energy, Water, Waste and Construction
3. Food, Drink and Primary Production
4. Information and Communication Services
5. Modern Manufacturing

6. Traditional Manufacturing

Categorical variable measuring firms' regional location: (1) Dublin
(capital city), (2) border regions and (3) rest of country

Binary variable=1 if firm is Irish owned, otherwise 0.

Natural logarithm of a continuous variable measuring the fuel and

energy intensity of each unit of gross value added (Yu et al. 2022). The
variable measures the average during the latest 3years before 2020.

Renewable sources of energy (yes/no)

Binary variable=1 if firms (a) use fuel derived from biogas, biomass

and renewable waste or (2) have on-site renewable generation
(e.g., heat pumps, solar panel and windmills), otherwise 0.

Importance of CARP (yes/no)

Binary variable=1 if firms declare that having a CARP for their

business is moderately or highly important, otherwise =0.

where CARP; is a dummy variable measuring whether firm i devel-

oped a CARP. The term x; is a set of key underlying characteristics
affecting firms' probabilities to develop CARPs, during two previ-
ous waves of the ABSEI survey as discussed in Section 3.3 and pre-
sented in Table 1. The coefficient f, captures the extent to which

these key underlying characteristics are associated with firms' de-
cisions to develop/not develop CARPs. Table S1 in the online ma-
terial accompanying this paper presents the results of the probit
estimation of Equation (1).

From Equation (1), we obtain a propensity score for each firm
and match firms that developed CARPs to those that did not,
using these propensity scores. In line with Vanino et al. (2019)
and Lenihan et al. (2025), we only allow matches between (1)
firms of the same size category, (2) firms from the same sector
and (3) firms located in the same region. Following this direct
matching, we match firms across the other variables in Table 1.
We do this using a nearest neighbour matching approach, with a
narrow caliper of 0.2 points of the standard deviation of the pro-
pensity scores (Austin 2011). Our main analysis follows Caloffi
et al. (2022), by matching each firm with three control firms
(i.e., 1:3 matching). To test our results across different matching
strategies, we also perform our matching routine by using a 1:1
specification and a Coarsened Exact Matching (CEM) approach.
A two-stage selection model is also implemented to ensure that
we account for potential unobservable confounders. We discuss
these additional analyses in Section 4.3.

The second step of our exploratory approach is to compare firms
that developed and that did not develop CARPs, across a series
of key firm-level characteristics, as discussed in Section 2.3
(with the variables explained in Section 3.3). We achieve this by
estimating Equation (2):

E(aTTe;) = E(Y; | CARP = 1,X =x) — E(Y; | CARP = 0,X = x)
)

In the context of our study, aTTe in Equation (2) denotes
whether there is any statistically significant difference in the
characteristics i (i=1, ..., k) between firms that developed CARPs
(i.e., YICARP=1, X=x) and firms that did not develop CARPs
(Y,/CARP=0, X=x). As per Klingebiel and Rammer (2020), we
estimate Equation (2) by a simple comparison of means (i.e., a
t-test). In line with the exploratory nature of our analysis, we
do not provide a causal interpretation of our results. Instead, we
interpret the results as the existence of statistically significant
differences between two distinct groups of firms. In this case, as
positive and significant coefficients is interpreted as evidence of
the specific characteristic in questions being positively related to
the development of CARPs by firms.

3.3 | Key Variables

Our main dependent variable is a binary variable, measuring
whether (or not) firms developed CARPs. We obtained this
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from the following question in the 2020 ABSEI survey wave:
Have you developed a climate action response for your business?
Firms are required to select one of the following three options:
(1) yes, (2) no and (3) do not know. Using this information, we
construct a binary variable that equals 1 if firms responded
‘yes’ to this question and 0 if firms responded ‘no’. Firms that
responded ‘do not know’ are excluded from the analysis.? A
necessary first step for firms when implementing CARPs is
to measure the environmental impacts of their operations
(Vollebergh 2023). Therefore, as an additional analysis, we use
a second binary dependent variable, capturing whether firms
measure their CO, emissions. We base this variable on a spe-
cific question also contained in the 2020 ABSEI survey wave,
which is posed in a similar way to that of the above question
pertaining to CARPs.

Table 1 presents the variables used in our matching pro-
cess, capturing key quantitative and qualitative variables
underlying firm-level characteristics, that have been shown
in the literature to drive climate action in firms (Unger and
Nippa 2024). Larger firms have been shown to have a higher
propensity to develop CARPs in comparison with small firms
(Kouloukoui et al. 2021). Some studies have also outlined
unique characteristics of microfirms (i.e., fewer than 10 em-
ployees) when investing in intangible resources, such as R&D
(e.g., Berends et al. 2014). To control for potential firm-size
differences, we measure whether firms are microfirms, small
firms between 10 and 19 employees and small firms with 20 to
49 employees. Additionally, we include a categorical variable
measuring firms' industrial sectors as defined in the ABSEI
survey, to control for sector-specific environmental and reg-
ulatory pressures which can affect firms' decisions to develop
CARPs (Dewick et al. 2019). We also include a categorical
variable measuring the region of Ireland where firms are lo-
cated, to control for any potential region-specific heterogene-
ities. A priori, we expect domestic Irish firms and subsidiary
firms of multinational corporations to differ in terms of their
likelihood to develop CARPs, due to issues of financial re-
sources and capabilities (Lenihan et al. 2025). We thus include
a dummy variable, measuring whether firms are of domestic
ownership or not.

As discussed in Section 2.2, environmental resource intensive
firms have specific incentives to develop CARPs. To control for
this, we include a variable measuring the average fuel and en-
ergy intensity of each unit of gross value added. We also mea-
sure firms already using renewable sources of energy or firms
that have developed systems to produce energy in-house, as such
firms are likely to already have high levels of environmental
knowledge. Finally, we measure if developing a CARP is import-
ant for firms' business activities to control for qualitative differ-
ences across firms, in terms of the extent to which their business
activities impact the natural environment.

Table 2 presents and defines the variables considered in the
second stage of our analysis, which form the main focus of our
paper. Here, we consider firm-level characteristics across five
key areas, as discussed in Section 2.3. These are (1) firm-level
performance, (2) R&D and innovation, (3) linkages with HETs,
(4) digital readiness, (5) managerial resources and (6) market
dynamics. Following standard practice, our main measure

of firm performance is productivity, defined as average total
sales per employee. We also include average profit growth,
as firms' profits are an important source of internal funding.
Finally, we include firms' average percentage of exports to
total sales, to capture their ability to compete in international
markets.

To measure R&D and innovation capabilities, we use (1) av-
erage R&D intensity, (2) Whether firms carried out internal
R&D to capture if they benefited from learning by doing R&D
in-house or not, (3) the average percentage of R&D employ-
ees to total number of employees to account for the levels of
R&D human capital resources and (4) the average percent-
age of sales generated from innovations to capture whether
firms' innovations were successful in the market. Related to
this, engaging in collaborations with HEIs can be a critical
avenue through which firms source vital knowledge for devel-
oping CARPs. We measure this with a dummy variable, which
equals 1 if firms declare having linkages with HEIs; other-
wise, the value is zero.

Digital technologies are vital for firm-level environmental ef-
forts (Kren and Lawless 2023). We measure this with a dummy
variable capturing whether firms already use or are in the pro-
cess of using digital technologies, such as artificial intelligence
and cloud computing. Regarding firms' levels of managerial re-
sources and variety of expertise, we use a count variable mea-
suring the number of directors on their boards (Gallego-Alvarez
and Rodriguez-Dominguez 2023). We also measure managerial
gender diversity with (1) a variable measuring the percentage
of female board members and (2) a binary variable measur-
ing whether firms' CEOs or chairpersons are females (Saeed
et al. 2022).

While most of the above-noted variables pertain to character-
ises within the firm, external pressures from market dynamics
are likely to affect the extent to which firms develop CARPs
or not. This is in line with the ‘market-pull’ dynamics, which
studies such as Cadez et al. (2019) and Blanco et al. (2020) have
considered before. However, as we discuss in Section 2.3, this
is especially true for firms that are public sector suppliers and
firms competing in international markets (Shadrina et al. 2022).
Therefore, we include two dummy variables to capture these
dynamics. Having discussed our data, empirical approach and
key variables, we now proceed to presenting and discussing our
main findings.

4 | Results and Discussion
4.1 | Descriptive Statistics and Balance Tests

Table 3 presents the descriptive statistics considering: (1) all
firms in the sample, (2) only firms that developed CARPs and
(3) only firms that did not develop CARPs. The table shows
that the percentage of firms developing and not developing
CARPs is similar, in the context of small firms with 10-19
employees and 20-49 employees, respectively. However, a
higher percentage of microfirms can be observed in the group
of firms not developing CARPs, in comparison to the group
of firms developing CARPs (i.e., difference is approximately
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TABLE 2 | Firms' characteristics used in the analysis.

Definition

Performance measures

Productivity (continuous)

Profit growth (%)

Sales from exports (%)

R&D and innovation capability measures

R&D intensity (%)

Internal R&D (yes/no)

Percentage of R&D employees (%)

Sales from innovation (%)

Linkages
Links with HEIs (yes/no)

Digital readiness

Digital readiness (yes/no)

Management
Size of board of directors

Females on board (%)

Female CEO/chair (yes/no)
Market dynamics

Public sector supplier (yes/no)

Export (yes/no)

Average productivity (total sales per employee) during the most
recent available 3years since the year 2020 (in €000s).

Percentage change between the two most recent years since
the year 2020: ((year t—year ¢t —1)/year t— 1) *100.

Average percentage of sales from exports for the most
recent available 3years since the year 2020.

Average total expenditure in R&D during the most recent available
3years since the year 2020, divided by the total average sales during
the same period. The variable is then multiplied by 100.

Binary variable =1 if firms carried out internal R&D during the
most recent available 3years since the year 2020, otherwise =0.

Average total number of R&D employees during the most recent available
3years since the year 2020, divided by the total number of employees
during the same period. The variable is then multiplied by 100.

Average percentage of sales from new products or services
during the most recent available 3years since the year
2020. The variable is then multiplied by 100.

Binary variable=1 if firms already have established links
with higher education institutions (HEISs) to collaborate in
environmental, digital and innovation activities, otherwise =0.

Binary variable =1 if firms use/have plans in place to use digital technologies
(e.g., data analytics and artificial intelligence) in 2020, otherwise =0.

Total number of persons on firms' board of directors in 2020.

Number of females in 2020 who are directors, divided by the total number of

directors on the board in the same year. The variable is then multiplied by 100.

Binary variable=1 if CEO or chair is female in 2020, otherwise =0.

Binary variable =1 if firms have supplied goods and services to public
sector organisations during the previous 5years before 2020, otherwise 0.

Binary variable =1 if firms export, otherwise =0.

8 percentage points). This aligns with a priori expectations,
whereby microfirms are most likely to face financial con-
straints (Berends et al. 2014).

Table 3 shows that firms that developed CARPs were more likely
to use or produce renewable sources of energy and fuel, were
more productive, in addition to having invested more in R&D,
and generated more sales from innovation. An interesting result
is that firms not developing CARPs were more likely to consider
CARPs to be important for their business. This indicates that
while firms are increasingly aware of the importance of CARPs,

they may be unable to commit organisational resources to de-
velop such plans.

Table S2 in the online material accompanying this paper pres-
ents the balance tests, following our PSM approach. The table
shows that our matches were successful, as no statistically
significant differences exist between firms that developed and
did not develop CARPs, across the matching variables used.
This ensures that the firm-level characteristics considered in
Table 1 are not affecting the suite of characteristics which form
the basis of this paper, as presented by Table 2.
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4.2 | Main Findings

Table 4 presents our main findings, which are obtained from a
1:3 nearest neighbour matching approach. Section 4.3 presents
and discusses additional analyses to test the robustness of our
main findings. In all cases, our findings are robust across the dif-
ferent matching techniques and measures used. From Table 4,
we observe that firms that developed CARPs are more produc-
tive, as measured by average sales per employee (p<0.1), and
generate an average of 0.87 percentage point higher export share
(p<0.01), than firms not developing such plans. These findings
concur with our earlier discussion in Section 2.3 and with other
studies that highlight high-performing firms as being more
likely to engage in environmental action (Russo and Fouts 1997;
Rennings et al. 2006; Blanco et al. 2020; Unger and Nippa 2024).
Based on our discussion in Section 2.3, a strong performance
in the market can enable firms to develop CARPs through two
main avenues. The first avenue is by enabling firms to develop
internal funding to finance the development of CARPs. The

second avenue is by relaxing the expectations that firms attach
to their investments in intangible assets, in terms of returns to
investment and timelines. These findings lend support to our
Hypothesis 1, which suggested that firm-level performance in
the market will be positively related to firms' developing CARPs.

Firms that developed CARPs also outperform firms that did
not develop such plans, across all measures of R&D and inno-
vation considered. On average, firms that developed CARPs
have higher levels of R&D intensity (p <0.01), are more likely to
carry out internal R&D (p <0.01), have a higher share of R&D
employees (p<0.01) and generate a higher percentage of sales
from innovation, at around 3.7 percentage points on average
(p<0.05). The importance of R&D and innovation capabilities
has been shown to be relevant for climate related activities (e.g.,
Garrido-Prada et al. 2021; Ghisetti et al. 2021). These findings
further highlight the central role that firms' capabilities to learn
and apply new knowledge play in driving their responses to cli-
mate change. They also lend support to our Hypothesis 2, which

TABLE 4 | Characteristics of firms developing Climate Action Response Plans (CARPs).

Did not develop
Developed CARP CARP Difference Standard error t-stat

Performance measures

Productivity (continuous) 259.645 216.166 43.478* 22.463 1.930

Profit growth (%) —2.050 —10.544 8.493 8.944 0.950

Sales from exports (%) 41.251 40.378 0.873%** 0.211 2.330
R&D and innovation measures

R&D intensity (continuous) 16.967 12.900 4.067*** 1.193 3.400

Internal R&D (Yes/No) 0.804 0.689 0.114%** 0.033 3.410

R&D employees (%) 13.536 11.356 2.179** 0.921 2.360

Sales from innovation (%) 13.586 9.915 3.671%* 1.559 2.350
External links

Established links with higher 0.276 0.208 0.067** 0.031 2.13

education institutions
Digital readiness

Digital readiness (yes/no) 0.497 0.346 0.150%** 0.038 3.990
Managerial resources

Size of board of directors 4.155 3.820 0.335 0.260 1.290

(continuous)

Females on board (%) 0.053 0.047 0.0053 0.019 0.280

Female CEO/chair (yes/no) 0.097 0.092 0.005%* 0.002 2.200
Market dynamics measures

Public sector supplier (yes/no) 0.396 0.356 0.040 0.037 1.070

Export (yes/no) 0.907 0.851 0.056** 0.025 2.170

Note: Estimation results based on a 1:3 nearest neighbour matching approach. The coefficients in ‘Difference’ relate to the difference between firms that developed
CARPs and firms that did not develop CARPs. See Table 2 for a detailed description of all variables. Table S2 in the online material accompanying this paper presents
the balance properties, showing that firms that did and did not develop CARPs are balanced across key underlying characteristics.

*p<0.1.
**p<0.05.
***p <0.01.
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suggested that firms' levels of R&D and innovation activities
will be positively related to firms developing CARPs.

In line with the above, firms that developed CARPs are also
more likely to collaborate with HEISs, than firms not developing
such plans (the difference is 6.7 percentage points, p <0.05). This
supports the argument that HEIs could serve as an important
entry point for accessing and developing new climate change-
related knowledge (Garrido-Prada et al. 2021). It also supports
our Hypothesis 3, which stated that engaging in R&D collabo-
rations with HEIs will be positively related to firms developing
CARPs. A similar finding is observed in the context of digital
technologies, as digital ready firms are more likely to develop
CARPs, than those firms that are not digital ready (p <0.01).
This highlights the interlinkages between the digital and envi-
ronmental transition in firms (Chatzistamoulou 2023) and lends
support to our Hypothesis 4, which suggested a positive associ-
ation between digital readiness and firms developing CARPs.

In terms of managerial resources (such as Board of Directors
size), firms developing CARPs do not seem to benefit from ad-
ditional managerial resources than firms not developing such
plans. We only find that the former are slightly more likely to
have a female CEO or chairperson, at around 0.5 percentage
points (p <0.05). Our findings thus do not support that manage-
rial resources, at least in the way we were able to measure them,
are an important determining factor for firms when developing
CARPs. This does not lend support to our Hypothesis 5, which
suggested that firms' levels of managerial resources will be pos-
itively related to firms developing CARPs.

Finally, our Hypothesis 6 suggested that competing in interna-
tional markets and being a public sector supplier will be posi-
tively related to firms developing CARPs. Our findings provide
some partial support to this hypothesis. Indeed, we find that
firms that compete in international markets are slightly more
likely to develop CARPs, at around 0.06 percentage points
(p<0.05). However, we do not find developing CARPs to be as-
sociated with firms being public sector suppliers. This finding
does not concur with previous studies outlining public procure-
ment to incentivise firms to design and implement environ-
mentally friendly innovations, strategies and business practices
(e.g., Shadrina et al. 2022). Our findings therefore suggest that
‘market-pull’ forces mainly take place as firms engage with in-
ternational consumers and clients (Horbach et al. 2012), but the
effect of such forces tends to be very small.

4.3 | Robustness Analysis

In order to analyse the robustness of the findings presented
above, we repeat the matching approach using a 1:1 matching
specification and using a Coarsened Exact Matching (CEM)
methodology. Unlike PSM, which matches firms on the basis of
propensity scores, CEM performs the matching directly on the
matching covariates. This can potentially lead to more granu-
lar and suitable matches but at the cost of having fewer firms
being matched (Iacus et al. 2012; King and Nielsen 2019; Guy
et al. 2021). Tables S4 and S5 in the online material accompa-
nying this paper present the results obtained when we esti-
mate Equation (2), using the 1:1 matching specification and the

balance sample as obtained with CEM, respectively. As these ta-
bles show, our results obtained with these alternative matching
approaches are very similar to our main findings.

An implicit assumption of our matching approach is that, by
matching on the observable characteristics, this can also bal-
ance other unobservable characteristics. To ensure that our re-
sults are not driven by unobservable characteristics, we employ
a two-stage Heckman selection model (Heckman 1979). A key
strength of this model is that it permits modelling the decision
to develop CARPs and then uses this as an instrument when
analysing the characteristics of such firms in a regression frame-
work. Table S7 in the online material presents the results of this
additional analysis, which fully support our findings obtained
with our main analysis.

As noted earlier in Section 3.3, a key first step in implement-
ing CARPs is firms measuring their CO, emissions. Therefore,
we extend our analysis to account for the extent to which firms
are implementing CARPs (as opposed to simply developing
CARPs), by focusing on whether they measure their CO, emis-
sions. Table S8 presents the results of this analysis, which mostly
mirror the findings from Table 4. However, there are some im-
portant differences. For example, while our measures of exports
are positive and significant in Table 4, this is no longer the case
in Table S8. The same occurs for the measures of R&D employ-
ees and the percentage of sales derived from innovation. We in-
terpret these differences as suggesting that the extent to which
firms implement CARPs mainly relates to whether (as opposed
to what extent) firms operate in international markets, invest in
R&D and innovation and generate sales from innovation.

Finally, we explore whether our findings are the same for firms
of different sizes. Tables S9 and S10 in the online material ac-
companying this paper present the findings obtained when
focussing our analysis on (1) small firms only (fewer than 50
employees) and (2) medium and large firms only (50 or more
employees). The results are very similar to those presented in
Table 3, indicating that our main findings hold for both small
and medium to large firms. There are however, two important
issues to note. The variables Export and Female CEO/chair are
only positive and significant in the context of small firms. This
may be explained by the fact that large firms engage in export
markets (not the case for small firms). Previous research has
also shown that CEOs in small firms can play an important
role in determining the activities of such firms (e.g., Berends
et al. 2014).

5 | Discussion and Conclusion

Firm-level Cimate Action Reponse Plans (CARPs) are key for
firms adopting holistic responses to climate change. They are
critical for firms moving beyond corporate approaches to climate
change and engage in deeper climate efforts. Researchers and
policymakers alike have thus stressed the vital importance of
encouraging firms to develop and implement CARPs. However,
our understanding of the extent to which firms are developing
CARPs, and especially the characteristics of firms leading these
efforts, remains scarce. This is a critical gap in existing knowl-
edge, in a context where the drivers of firm-level climate action
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remain only vaguely understood, while firm-level engagement
in climate action continues to be low. Our paper addresses this
gap by providing an in-depth exploratory analysis of the char-
acteristics that distinguish firms that develop (do not develop)
CARPs. We use a unique and rich database with information on
firms in Ireland and an exploratory empirical approach which
considers issues of endogeneity and reverse causality. To the best
of our knowledge, ours is the first paper seeking to explore the
characteristics of firms planning for a more sustainable future
by means of developing CARPs.

Our analysis reveals that only approximately 25% of the firms
in our sample have developed CARPs. Firms developing
CARPs tend to enjoy good market performance levels, which
is important for generating internal financial resources to fi-
nance the development of CARPs. Such firms are also highly
R&D and innovation active, engage with Higher Education
Institutions (HEIs) for knowledge creation and already benefit
from digital technologies in their existing business activities.
These findings are robust across several model specifications
and measures of CARPs used (e.g., whether firms developed
CARPs or whether they measured CO, emissions). We in-
terpret these results by conceptualising CARPs as a form of
intangible asset, similar to firms' investments in R&D and in-
novation. Underpinning this conceptualisation is the fact that
investments in CARPs are highly uncertain, with regard to po-
tential economic returns.

Based on the above, to develop CARPs, firms likely need to have
good levels of internal financial resources, and performing well
in the market helps firms to achieve this. Firms also likely need
to generate and absorb new knowledge. Therefore, having R&D
and innovative capabilities and absorptive capacity in-house
is vital, as firms can leverage this knowledge to plan their cli-
mate change mitigation and adaptation activities. In addition,
having links with HEIs is a distinctive feature of firms devel-
oping CARPs. The same applies for firms already using digital
technologies such as artificial intelligence, cloud computing
and other similar technologies that improve and help monitor
their operations and can enable and encourage climate action
in firms. Collectively, these issues highlight that before devel-
oping CARPs, firms need to already perform well across sev-
eral areas which come together to shape their overall business
performance.

The above is supported by the finding that firms developing
CARPs tend to already operate in international markets. This
is because it supports that firms developing CARPs are highly
competitive, as demonstrated by the fact that they already com-
pete in international markets. In addition, being present in in-
ternational markets may provide additional incentives for firms
to develop CARPs. As countries implement stronger policies
to mitigate climate change, customers may demonstrate an in-
creased awareness towards the climate impacts of the products
and services they consume and use. This should spur exporting
firms to act towards better climate performance, in order to re-
spond to international market trends and consumer preferences.
Despite this, we do not find that the development of CARPs is
associated with firms being public sector suppliers. We interpret
this finding as evidence of firms in Ireland primarily respond-
ing to consumer preferences and trends in export markets, as

opposed to responding to the requirement of public procure-
ment guidelines and processes. This highlights the importance
of consumers as the key drivers of market-pull effects. Finally,
we do not find that managerial resources, at least in the way
we are measuring them, to be associated with firms developing
CARPs. As we discuss below, this is somewhat unexpected and
lends itself to further examinations by further studies.

The above findings offers some important implications for busi-
ness strategy, with regard to climate change mitigation and ad-
aptation. As noted above, only 25% of all firms in our working
sample developed CARPs. In this context, our findings may
point to the need for management (or often in the case of micro
and small firms for owners) to foster an environment where
firms (and the firms' employees) intensify their climate change
mitigation and adaptation efforts. Even with a vast range of pol-
icy interventions to support and encourage climate action in
firms, CARPs will never be developed and improved without
corporate commitment to climate change action. Introducing
a CARP is after all, a key management decision by firms. Our
findings do not suggest that firms developing CARPs have more
managerial resources than firms not developing such plans. We
also only find that the former were slightly more likely to have a
female CEO or Chairperson. Despite this, to leverage the full po-
tential of CARPs, they are best integrated into a firm's other stra-
tegic actions, including marketing, new product development,
internationalisation and investments. It is thus highly probable
that firms with better developed management capabilities and
resources will find it easier to reap the potential of CARPs and
hence will be more likely to develop them.

Besides managerial commitment, our findings suggest that de-
veloping CARPs is associated with important complementary
organisational resources and capabilities. Chief among these
resources are R&D and innovation capabilities and competi-
tive advantages, resulting in high levels of firm-performance
indicators. When developing CARPs, managers and owners
may support the organisation's commitments to climate change
mitigation and adaptation efforts with the development of such
complementary resources. As it is by now widely recognised in
the literature, R&D and innovation capability is key for firms
responding to changes in the market, including climate-related
challenges. At the same time, a strong performance in the
market can translate into additional resources to support cli-
mate change efforts, as well as additional R&D and innovation
resources.

It is also important to note that, as more knowledge regarding
effective climate action is generated, firms will need to be ready
to useful identify, absorb and use such knowledge. Investing in
R&D and innovation can facilitate this, by enabling firms to de-
velop absorptive capacity. Developing new links with HEIs also
represents a key source of external knowledge in this regard.
By engaging in such collaborations, firms can become more
exposed to cutting-edge scientific knowledge, which firms can
potentially use to design and implement new carbon neutral
technologies and new ways of doing things. As a word of cau-
tion, firms may not want to rely on collaborations with HEIs as
the only or main source of knowledge. To advance along greener
pathways, firms may combine internal and external knowledge
sources.
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Overall, our findings suggest that developing comprehensive and
holistic responses to climate change through CARPs requires
firms to implement a coherent strategy for knowledge generation,
assimilation and implementation. To support this, firms may ex-
ploit digital technologies and expand their digital skills through
recruitment. This may be key for putting CARPs into action. The
pace at which digital technologies are currently developing and
being adopted may represent a challenge for firms. This is why
continuous training in digital skills could be especially important,
so as to keep on top of continuously changing digital technologies.

In addition to implications for business strategy, our study offers
interesting insights for policy. This is important, as policy in-
terventions can provide firms with assistance to stimulate their
own activities for developing CARPs. Once firms start to realise
the benefits they derive from CARPs, they should reduce their
dependency on policy interventions for CARPs development.
However, in the short term and in a similar vein as Lenihan
et al. (2019) argue ‘Policy has a role to play in terms of helping
firms to identify and improve the capacity they already have’ (p.
103791).

A key insight of our study is that developing CARPs can re-
quire firms to have sufficient levels of financial and knowledge
resources. Clearly, a potential role for policy exists in terms of
facilitating firms to gain access to such financial and knowl-
edge resources, when market or systemic failures exist. Simply
incentivising firms to develop CARPs (e.g., by means of regula-
tion) may be unlikely to yield satisfactory results, without also
supporting firms to become more productive and to develop
complementary knowledge. This line of argument aligns with
studies highlighting that enabling and encouraging firms to im-
prove their environmental performance to fight against climate
change require a combination of different complementary policy
instruments (Wilts and O'Brien 2019). In the context of CARPs,
such policy instruments may aim at improving market and in-
novative performance in firms, while also enabling a supportive
environment for firms benefiting from the increasing promi-
nence of digital technologies.

Public investments in the generation of local environmental
knowledge, by means of supporting research in HEIs on en-
ergy and the environment, can be another important mecha-
nisms for making much needed relevant knowledge available to
firms. The strong connection between developing CARPs and a
firm's innovative capabilities also implies that many firms with
limited resources to develop and implement new technology
and new products are not taking systematic action to address
climate change issues. In order to motivate these firms to act,
environmental policy may explore approaches from innovation
policy to encourage firms to develop innovative capabilities, in-
cluding consultancy schemes (e.g., strategy reviews) and human
capital-oriented programmes (e.g., schemes to train personnel in
climate change awareness and management).

Another key insight of our paper relates to the importance of
consumers, at the time of encouraging environmental efforts by
firms. This is crucial, as firms are increasingly highlighted as
failing to contribute to addressing the global grand challenge
of climate change. Based on our findings, however, firms' slow
responses to climate change may reflect deeper challenges at a

societal level, to effectively respond to climate change. Firms
may not find it necessary to engage in CARPs when consum-
ers do not account for this issue in their demand preferences.
This suggests that supply-side policy efforts to encourage firms
to plan for a more sustainable future, by means of CARPs, may
be accompanied by policy interventions that foster more climate
friendly consumer behaviour. It should also be acknowledged
that policymakers can garner useful lessons (good and bad)
from the canon of literature that already exists on policy inter-
ventions pertaining to R&D and innovation. This is because we
conceptualise a firm developing a CARP as similar to investing
in intangible assets such as R&D and innovation. This means
that having established the specific target firm population as we
do in this paper, policymakers can hit the ground running, often
without the need to reinvent the wheel when it comes to design-
ing and implementing policy interventions concerned with kick-
starting and nudging firms to develop CARPs.

Our analysis is not free from limitations, which can guide fu-
ture research on this topic. Firstly, our rich and detailed firm-
level data are a strength of our study but also result in some
limitations. As discussed in Section 3.1, our data are not fully
representative of all firms in Ireland, but the sample frame
comprises firms that have engage with Ireland’s development
agencies. As a result, our results may not be fully general-
izable to less resource-intensive firms outside of these net-
works. Moreover, our data are confined to a specific country
context (Ireland). Future studies may replicate our analysis in
multiple country contexts and by using more representative
datasets. Secondly, we assume a focus on both climate change
mitigation and adaptation in CARPs, given the holistic nature
of these plans. However, our data do not permit us to ascer-
tain whether this is indeed the case. Future studies may delve
deeper into the activities included in CARPs. Finally, we can
only observe whether firms have developed CARPs or not, but
we do not know the exact time of development. Our results
therefore should be considered as exploratory, as opposed to
causal. It is important to also note that our focus on CARPs
does not extend to the firm-level impacts, in terms of environ-
mental performance, that emanate from developing CARPs.
This can serve as a basis for future research. Despite these
limitations, our study offers novel and timely insights for ad-
dressing a key gap in existing knowledge, with the potential
to inform future policy and managerial efforts to encourage
firms to develop CARPs.
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Endnotes

!The ABSEI survey includes all client firms of Enterprise Ireland and
the Industrial Development Agency Ireland (IDA). The former agency
supports domestic (Irish) companies, whereas the latter agency's pri-
mary objective is to support investment into Ireland by foreign-owned
companies.

2We repeated our analysis, by putting the firms declaring ‘do not know’
into the ‘no’ category. Table S6 accompanying this paper presents the
results of this additional analysis, which are very similar to the find-
ings of our main analysis in Table 3.
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