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Abstract: From a managerial standpoint, sustainability poses numerous challenges for the business
community. One of the prominent concerns in the context of organizational sustainability is the
impact of climate change and extreme weather events (EWEs) which create discontinuity and
damages to business operations. In this respect, small and medium-sized enterprises (SMEs) are
particularly vulnerable to EWESs, such as flash floods, having disastrous consequences to SMEs
which tend to be ill-prepared. Taking into consideration that these negatives effects are also
transferred into the local communities in which SMEs are located, it is crucial to create appropriate
mechanisms that will enable these enterprises to build relevant capacities and acquire necessary
resources in order to deal with relevant disruptive events. With this in mind, this paper attempts to
delineate the emerging literature in relation to strategic approaches in dealing with high
impact/low probability EWEs. With this analysis, we aim to provide insights for enhancing the
robustness of SMEs against such natural hazards through effective resilience and adaptation
strategies. The paper reveals that resilience to EWEs is indeed a multifaceted issue posing
numerous challenges to SMEs. Taking into account their intrinsic characteristics, there is a need for
a holistic management approach which will assist SMEs to safeguard their assets against extreme
weather.

Keywords: climate change, resilience, extreme weather events (EWEs), small and medium

enterprises (SMEs), floods

1. Introduction

In the new era of sustainability transitions defined by the launch of United Nations” 2030
Agenda for Sustainable Development, climate change adaptation sets key directions for formulating
policies at global and national levels (UN, 2015). Particularly, sustainable development goal (SDG)
13, stipulates an array of targets that focus on improvements in climate-related resilience and
adaptive capacity. In this context, scientific evidence supports that climate change impacts are
pivotal challenges for sustainable development, threatening the balance of both natural and human
systems (Williams and Schaefer, 2013; IPCC, 2014a,b). Climate change is defined as the “change in
climate over time, whether due to natural variability or as a result of human activity” (IPCC, 2007 p.6) with
the anthropogenic activities (causing excessive levels of greenhouse gas emissions) to be recognized
as having dramatic effects on the global climate system. Due to climate change, ecosystems and
societies, all over the world, will be exposed to increasing risks and impacts (IPCC, 2014a; Winn et
al., 2011; Linnenuecke and Griffiths, 2010; Hoffmann et al., 2009).

Climate change is considered accountable for atmosphere and oceans warming, ice loss mass
and sea-level rise (IPCC, 2014a; Linnenuecke et al., 2015). It is also linked with EWEs such as,
flooding events, droughts, heat waves and storm surges, while it is anticipated to be a change in
their frequency of occurrence, the duration and the magnitude of such events (Winn et al., 2011;
Linnenluecke and Griffiths 2010; Linnenluecke et al., 2011; Linnenluecke et al., 2012; IPCC, 2012;
Wedawatta and Ingirige, 2012). Current experience reveals that EWEs have increasing catastrophic
consequences for local communities and society-at-large, creating discontinuities and adverse
conditions due to asset and infrastructure damages (Gough et al., 2019; Ingirige and Wedawatta,
2011; Suarez et al., 2005).
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Apart from the impacts on societies, EWEs pose a major risk to industries, threatening for-profit
activities and may eventually force businesses to cease operations. From an organizational
management standpoint, EWEs can be regarded as external shocks with high uncertainty
(Linnenluecke and Griffiths, 2010; Barnett, 2001; Berkes, 2007; Wyss et al., 2015). For-profit entities
are under continuous pressure to devise and maintain proper strategies and mechanisms which will
allow them to effectively address EWEs impacts and, thus, reduce their relative vulnerability (IPCC,
2014b; Marshall et al. 2013), i.e. the level of susceptibility to destructive impacts of climate variability
and extreme weather (IPCC, 2007 p.6; IPCC, 2014b). Vulnerability levels differ across business
sectors and it is strongly associated with the relative exposure to EWEs of the area in which a
business operates as well as with the characteristics of each sector (IPCC, 2007). Agriculture, forestry,
energy, oil and gas, insurance, tourism and construction industries are examples of business
activities being particularly susceptible to EWE effects (IPCC, 2007; Craig and Feng, 2018; Ingirige
and Wedawatta, 2011; Linnenluecke et al., 2011; Hoffmann et al., 2009; Cruz and Krausmann, 2013).

One of the most critical EWEs is flash flooding which encapsulates abrupt and severe effects on
businesses. As a result of heavy downpours and thunderstorms, such flooding events are expected
to increase in absolute numbers placing greater stress on organizations (Coates et al., 2020; EA, 2007;
Wedawatta and Ingirige, 2012), which have to face a wide range of effects such as damage to assets
and infrastructure, difficulties in daily operations, increased insurance premiums as well as impacts
related to human capital (Wedawatta and Ingirige, 2012; Wedawatta et al., 2012; Linnenluecke et al.,
2011).

Regardless the vulnerability level of firms and the severity of the direct (e.g. property damage)
and indirect (e.g. insurance costs) impacts of flash floods in particular and EWEs in general,
businesses have to be well-prepared to deal with such ‘acute business interruptions” which lead to
excessive discontinuities and increased repair costs (Herbane, 2015, p 583). While it is difficult to
predict the occurrence and the intensity of such events (Linnenluecke and Griffiths, 2010),
businesses need to develop and implement agendas for action which will enable them to gain
necessary resources and competencies in order to deal with flood risks. One critical notion in the
context of business preparedness to cope with and overcome such events is the organizational
resilience capacity (Linnenluecke and Griffiths, 2010; Clément and Rivera, 2017; de Bruijn et al,,
2017). Many definitions of organizational resilience have been set forth in an attempt to emphasize
on diverse perspectives describing the ability of organizations to resist and recover, to adapt and
anticipate low probability situations and high impact events (Duchek, 2019; Ortiz-de-Mandojana
and Bansal, 2016). With respect to EWEs, resilience capacity can be defined as “the organizational
capacity to absorb the impact and recover from the actual occurrence of an extreme weather event”
(Linnenluecke et al., 2012, p.2). It is a multidimensional construct reflecting the ability of an
organization to experience a disruption without drastically affecting its normal operation or the
capacity to bounce back from the negative impacts of an EWE and quickly recover (at least) to its
original state (Coates et al.,, 2020; Linnenluecke and Griffiths, 2010; Tish and Galbreath, 2017;
Clément and Rivera, 2017; Linnenluecke et al., 2011; Linnenluecke, 2017). Linnenluecke and Griffiths
(2012) present two fundamental dimensions of organizational resilience, namely “rapidity” and
“impact of resistance” while the understanding of the vulnerability is a crucial factor that shapes the
directions for improving organizational resilience (Marshall et al. 2013). By assessing their relative
vulnerability, organizations are able to engage in capacity-building which equips them to address
the unpredictability and severity of EWE impacts Winn et al., 2011; Ortiz-de-Mandojana and Bansal,
2016; Marshall et al., 2013). The development of resilience capacity is a dynamic and continuous
process through which organizations shape new capabilities and establish new routines as well as
procedures that contribute to accomplish various aspects of organizational resilience, such as the
anticipation, extended coping and recovering range, along with increased adaptation potential over
EWEs (Linnenluecke and Griffiths, 2010; Duchek, 2019; Linnenluecke et al., 2012;
Ortiz-de-Mandojana and Bansal, 2016).

With projections of EWEs occurrence indicating that such unexpected natural hazards will be
more frequent and severe, organizational resilience capacity should be regarded as an invaluable
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ability towards business continuity in order to reduce detrimental impacts of environmental
perturbations on their daily operations and production processes. Apart from direct benefits related
to the ability to withstand external weather-related shocks, organizational resilience capacity is also
an important business attribute in developing sustainable competitive advantages that endorse
long-range planning and growth (Clément and Rivera, 2017; Ortiz-de-Mandojana and Bansal, 2016;
Duchek, 2019). Hence, such essential advantages derived from building resilience could act as strong
and meaningful incentives to motivate businesses to nurture and promote essential
resilience-specific as well as sustainability-oriented capabilities and resources.

Additionally, conceptual underpinnings of organizational resilience to weather extremes set
forth a new prospect for corporate environmental management and strategic planning, under the
scope of the inadequacy of existing environmental management systems to address challenges and
impacts linked with EWEs (Winn et al, 2011). This is because environmental management
approaches mainly focus on assisting business to understand how their various operations and
products/services affect environmental quality and how to implement effective policies, plans and
programs to minimize negative environmental externalities. While this approach and point-of-view
of environmental management frameworks is vital for organizational sustainability and businesses’
contribution to sustainable development, it is insufficient in terms of elements and features that
business encounter from an outside-in perspective when they face climate or weather-related threats
(Winn et al., 2011).

As adverse and intense impacts of EWEs, including flash flooding, are nowadays far from
negligible, affecting societies and business systems worldwide, scholars started placing specific
attention on how small and medium-sized enterprises (SMEs) can be better prepared to deal with
such environmental perturbations and, ultimately, what drives their ability to configure appropriate
responses and build resilience (Skouloudis et al., 2016; Halkos et al., 2018; Halkos and Skouloudis,
2020; Williams and Schaefer, 2013; Blundel et al., 2014; Coates et al., 2020; Li et al., 2015; Ingirige et al.,
2008; Wedawatta and Ingirige, 2012; Asgary et al., 2012; Pathak and Ahmad, 2016; Marks and
Thomalla 2017). Crucially, the impacts of flash floods (among other natural hazards) on SMEs can be
greater and more severe compared to their larger business entities (Ingirige and Wedawatta, 2011;
Wedawatta and Ingirige, 2012; Asgary et al., 2012). SMEs are extremely vulnerable to flooding
(Wedawatta et al., 2014) and have been characterized by low level of resilience and insufficient
preparedness to confront such events (Coates et al., 2020; Asgary et al., 2012). Various factors have
been identified as explanatory parameters (Ingirige et al., 2008) with limitations in financial,
managerial and human resources to be primary ones (Coates et al., 2020; Williams and Schaefer,
2013; Ingirige and Wedawatta, 2011; Blundel et al., 2014. Li et al., 2015).

In this respect, it is of critical importance to examine the wide spectrum of factors which
facilitate or discourage SMEs to develop their resilience capacity due to the fact that the impacts of
EWEs on SMEs could also bring significant problems at local, regional and/or national levels (for
instance, supply chains experiencing long-term interruptions or ceasing to function). This is owing
to the crucial role of the SMEs in the local societies as job providers and another explanation is that
SMEs consist the vast majority of businesses operate both in developed and developing countries
(Wedawatta et al., 2014; Ingirige and Wedawatta, 2011; Coates et al., 2020; Pathak and Ahmad, 2016;
Marks and Thomolla, 2017; Samantha, 2018). Therefore, the great impacts of SMEs on the economic
development, at all levels, clearly shows the necessity for effective tools for protecting them for
EWES.

2. Theoretical Background

The occurrence of EWEs can result in extremely negative environmental, social and economic
impacts. Bergmann et al. (2016) explore the effects of the different types of EWEs (e.g. cold waves,
severe thunderstorms and flash floods) on various organizational operations and aspects, e.g.
procurement operations, marketing and services, logistics and human resources. In this context,
Linnenluecke et al., (2012) suggest a critical and instructive classification for EWEs in three groups:
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simple extremes (local phenomena based on clear variables), complex extremes (local phenomena
relied on a variety of variables) and unique extremes (global phenomena). The negative impacts of
EWEs differ among various economic and social actors such as public authorities and local
communities (Nikolaou et al., 2015). Particularly, previous studies reveal that EWEs can bring
adverse effects on construction industries (Hopkins, 2014; Alshebani and Wedawatta, 2014) and the
tourism sector with shorter seasons, transport disturbance, less security, loss of revenue (Craig and
Feng, 2018) to be some of the critical impacts.

Previous studies also indicate that the level of influence of EWEs varies across firms
(Skouloudis et al., 2016; Halkos et al., 2018). As mentioned above, firm size has been identified as key
factor explaining the variation in vulnerability to EWEs. The impacts of EWEs are more disastrous
on SMEs than on larger firms (Linnenluecke and Griffiths, 2012; Crichton et al., 2009) and SMEs
encounter many obstacles in their efforts to face extreme weather. Such barriers are mainly
associated with the lack of financial capital, inadequate know-how as well as limitations in
technological competencies and skilled human resources (Sullivan-Taylor and Branicki, 2011).
Runyan (2006) points out that due to the limited resources SMEs are ill-prepared to achieve a quick
recovery from EWEs. However, a contrary view holds that some of the SMEs’ features may offer
them an advantage in order to cope with EWE impacts (Pal ef al., 2014): low level of bureaucratic
processes, quick decision-making or effective internal communication and routines for an immediate
implementation of strategies (Sullivan-Taylor and Branicki, 2011).

In the field of SMEs vis-a-vis EWEs, there is an urgent need to devise and disseminate effective
and efficient ways to assist SMEs to deal with the underlying negative impacts of EWEs and ensure
business continuity. Against this background, numerous concepts (i.e. business resilience, business
vulnerability, business adaptation, business continuity, organizational coping strategies, risk
management and natural hazards crisis management) have been coined to outline management
practices necessary for firms to confront EWEs as well as management tools developed to assist
SMEs to withstand and overcome these types of environmental change. For instance, Wedawatta
and Ingirige (2016) propose a management system approach in order for SMEs pertaining to the
construction industry to effectively cope with EWE damages through a triangulation of
vulnerabilities (e.g. size of SMEs, location of projects, firm specialization), coping strategies (general
risk management, coping strategy at business level) and coping adaptation (e.g. previous experience
with EWEs, financial resources). In a similar vein, Bostick et al. (2017) suggest a stakeholder-based
multicriteria model to assist firms in decision-making concerning their resilience status, which
consists of five stages: moderated discussion (e.g. resilience, system domain), stakeholder input,
decision-maker input, model, output, and reassessment. Likewise, Centobelli et al. (2019) propose a
conceptual model to classify the current literature in organizational resilience regarding supply
chain management. Specifically, their contribution examines the business resilience strategy in the
context of the supply chain which can be divided into three overarching domains: anticipation (e.g.
capability, distribution management and strategy formation, planning and design, and properties),
resistance (e.g. supply chain reengineering, collaboration, agility, and supply chain risk
management culture) and recovery-response actions (e.g. recovery preparation, long-term impacts).
Haraguchi et al. (2016) set forth a business continuity management model based on public-private
partnerships to face EWEs. According to this model, business resilience is classified into four levels:
firm level resilience, supply chain resilience, public-private level resilience, and societal resilience.
Linnenluecke ef al. (2012) point out a framework to strengthen business resilience which comprises
of three parts. The first one includes the anticipatory adaptation strategy, examining the previous
experience of business regarding EWEs, the second pertains to organizational capabilities
developing a management algorithm to examine sense-making of disaster, sensitivity, disaster
response and reconstruction, while the third part refers to procedures for future adaptation
strategies adressing future organizational capabilities in confronting EWEs. In a similar vein,
Linnenluecke, et al. (2011) propose a relocation model for firms to deal with EWEs relying on
environmental sensitivity factors, feasibility of strategy implementation along with the relocation
costs.
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SMEs need to develop and deploy strategies in order to successfully recover and maintain their
organizational viability after an abrupt, unexpected and disastrous flooding event. From a
theoretical standpoint, such business resilience strategies can be explained through various
conceptual frameworks and analytical lenses (Table 1). All these theoretical frameworks have been
utilized to disaggregate the different approaches and explain firms’ responses to the challenges
arising from sustainable development under the scope of climate and weather-related hazards. A
common ground for the development of these theories is that they recognize that the mere focus on
financial goals is inadequate to guide firms to success. Environmental and social parameters should
be integrated into corporate strategy in order for firms to thrive in a complex and turbulent
environment.

A well-established theory to explain the reaction of firms to flash floods and other EWEs is the
organizational theory and behaviour. Under this theoretical lens, there are two fundamental
approaches, namely reactive and proactive responses to external stimuli. While the former focuses
on the ability of a firm (organization) to overcome unexpected events, the latter examines not only
the organizational capabilities to deal with extreme events but also how these capabilities can allow
firms to identify or create new opportunities in a timely manner (Lengnick-Hall et al., 2011). An
indicative example of the proactive approach can be found in the work of Linnenluecke and Griffiths
(2012) who suggest the need for making better links between organizational resilience and adaptive
response strategies in order for organizations to successfully withstand, absorb and eventually
recover from the occurrence of unexpected weather extremes such as flash flooding.

Table 1. Theoretical background of organizational resilience to extreme weather.

Theoretical lens Key points Authors

Organizational theory Organizations ability to respond to Linnenluecke and Griffiths, 2012;
EWEs as well as to adapt their Linnenluecke and Griffiths, 2010;
processes in order to make new Tisch and Galbreath, 2018;

responses. Halkos et al., 2018.

Institutional theory An organizational adaptive Winn et al., 2011; Berkhout, 2012; Wejs
capability is associated not only etal., 2014.
with their internal capabilities, but
also with the external environment

(e.g. social, political, and economic

environment).
Systems theory Business and external environment Dalziell and McManus, 2004; Nikolaou
are interrelated variables. et al., 2015; Tsalis and Nikolaou, 2017.
Resource dependence Business operation dependence on Chand and Loosemore, 2015, Bergmann
theory natural and ecological resources. et al., 2016; Tashman and Rivera, 2016.

Institutional theory has also been employed to explain business resilience strategies and the
level of resilience capacity demonstrated. According to this perspective, for-profit activities and the
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adaptive strategies for coping with EWEs (as abrupt and unexpected changes) should not only be
associated with the internal organizational capabilities but with the enabling conditions provided by
the institutional environment as well (Berkhout, 2012). Winn et al., (2011) suggest that institutional
theory offers an extremely valuable and fruitful context to analyze how organizational adaptation
processes are adopted, shaped and endorsed within the enterprise. In a similar vein, focusing on
Scandinavian business systems, Wejs et al. (2014) identify an array of institutional factors affecting
companies through both anticipatory and mandatory actions in order to implement climate change
adaptation strategies.

Systems theory has also been proposed as a theoretical lens to shed light on business
vulnerability, adaptive capacity and resilience potential (Dalziell and McManus, 2004). In line with
systems thinking, organizations and their external environment consist of a complex and dynamic
system where there are strong interrelationships between its components. Through systems theory
and system dynamics (SD) modelling tools, Nikolaou et al. (2015) analyze potential impacts from
physical risks such as droughts and floods, on business operations. The core findings of this model
indicate the strong relationship between physical risks and financial performance of business
entities. It is also suggested that floods (amplified by long-term global climate change) threat
business continuity through discontinuities in the supply chain and daily operations. Managers
need to overcome such problems through new investments in equipment and recovery measures.
Similarly, Tsalis and Nikolaou (2017) propose a system dynamic model in order to manage risks
faced by firm due to climate change. Their model identifies a significant influence of climate change
risks on business economic performance. Conceptual models such as the above attempt to shed light
on the key relationships of flash flooding effects on business performance through a systems theory
lens.

Organizational responses to EWEs have also been studied through a natural resource
dependence theoretical perspective where the ecological resilience paradigm is introduced into
organizations’ strategic management. The underpinnings of this theory in relation to business
planning posit that every entity (human or business) depends on the ecosystem (and its biophysical
processes) as it needs an array of natural resources to survive and (eventually) thrive. In this context,
Bergmann et al. (2016) employ resource dependence theory to explain how EWEs affect the financial
performance of businesses. Similarly, based on resource dependence and institutional theories,
Tashman and Rivera (2016) point out a critical relationship between the status of the US ski resort
industry and climate change implications and point out the notion of ecological uncertainty as a
supporting argument of the difficulty of businesses to gain access to vital natural resources. In this
respect, in order to overcome ecological uncertainty, it is suggested that businesses should adopt
“natural-resource-intensive practices” in order to moderate and overcome its negative impacts
(Tashman and Rivera, 2016).

Nevertheless, fundamental questions still remain on how businesses can overcome the effects of
EWEs such as flash floods as well as whether the organizational capabilities are sufficient to
overcome the negative impacts of such environmental perturbations or why firms should cooperate
with key social constituents/stakeholders to increase their preparedness against natural hazards. The
emerging literature on the specific ‘business and the environment’ domain does offer insightful
theoretical explanations on why businesses engage in (proactive or reactive) efforts in confronting
EWEs and also places emphasis on how SMEs can sufficiently adapt to extreme weather, minimize
the impacts of such disturbances and boost their performance in an uncertain environment.

In this respect, in order to provide a general outline of such practices, a novel (rudimentary)
framework is suggested, classifying them into three strategic layers denoted as micro-, meso- and
macro-level (Figure 1). The micro-level refers to capabilities of SMEs which are critical for the
effective planning, mitigation, adaption and recovering processes in relation to EWEs and their
consequent impacts (Wedawatta and Ingirige, 2012; Ingirige and Wedawatta, 2018). It can be based
on organizational, resource- and knowledge-based theories where businesses face the negative
impacts of a highly unpredictable environment through their capabilities and resources and manage
to return in the initial state by creating new opportunities for sustainable competitive advantage
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(organizational-based theory). Such theoretical lens can be helpful to businesses which have
sufficient resources (e.g. financial capital and skilled human resources), previous experience with
EWEs (e.g. existing capabilities, knowledge-creating routines, and adaptive procedures), and/or
demonstrate a low level of vulnerability with negligible impacts of EWEs on their operations.

Natural resource-based theory, knowledge-based theory and intellectual-based theory offer a
concrete context to explain how organizational responsibility and environmental management
practices provide incentives and motivate enterprises towards better performance and promoting
long-term businesses growth (Hart, 1995; Nikolaou, 2019). The basic principles of such theories rely
on capabilities, skills, resources and competencies of businesses to face modern challenges.
Crucially, these business attributes (e.g. technological competency, design procedures, procurement
strategies, production processes, distribution channels and service capabilities) can ‘shield” the
organization from external risks. In this logic, businesses with specific capabilities and resources as
well as intellectual capital creating knowledge (tacit, social complex and rare) can successfully
confront environmental perturbations and change such as flash floods and other EWEs (Backman et
al., 2017).

Organizational theory
Resource-based theory

Micro-level

Business

Resilience

Meso-level

Institutional theory System theory

Natural resource dependence theory
Figure 1. Organizational resilience to EWEs — a general framework of theoretical perspectives.

The meso-level implies that merely relying on business capabilities is not enough to
successfully bounce back from EWEs. Some disturbance in business operations may arise from
problems caused in the supply chain and in other business partners or regions. Actually, EWEs may
have significant impacts on the supply chain which can indirectly affect business operations.
Wedawatta et al. (2010) identify that over 50% of the problems stemming from EWEs in the UK SME
construction industry are associated with supply chain issues (e.g. suppliers’ disruptions, loss of
energy and water supply). Some significant problems in the supply chain derived from EWEs
affecting business operations can also be delays on scheduled procurements and logistics
disruptions (Wedawatta et al., 2011). Businesses can overcome such issues through participatory
activities with governmental bodies, business chambers/associations and supply chain managers in
order to promote knowledge sharing among key actors (Wedawatta et al., 2011).
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It is significant to point out that many reactions of businesses on climate change problems are
strongly associated with institutional pressures and could be explained through the institutional
theory lens. Institutional theory posits the many types of external pressures which stimulate
enterprises to adopt strategies to address environmental and climate change problems. Eor instance,
Escobar and Vredenburg (2011) point out the three forms of isomorphism described by
neo-institutional theory (coercive isomorphism, normative isomorphism and mimetic isomorphism)
in explaining sustainability transitions in firms. The first two types reflecting aspects of the
regulatory regime can affect decisions of businesses regarding climate change and weather extremes
impacts. The third form explains business climate change adaptation and resilience building
behaviour as a mimetic process driven by peer firms. This (mimetic) effect can be placed in the
second (meso-) level while the first two forms of isomorphism in the third (macro-) level (indicated
by the dashed green line in the figure). It is worth noting that cooperation of businesses at the
meso-level could be so explained from a systems theory perspective. Several scholars suggest that
cooperation of businesses in an industrial ecology context plays a critical role in resilience capacity
building against environmental change (Korhonen et al., 2004; Kendall and Spang, 2020). This
viewpoint also lends support to the theoretical connection between institutional theory and systems
theory to further clarify how business participatory and multi-stakeholder actions can be a
meaningful planning endeavour to address EWEs.

The macro-level encapsulates collaborative activities of businesses not only with governmental
bodies and other businesses but also with local communities and third sector organizations (NGOs)
in order to overcome problems linked with the occurrence of EWEs. Systems theory explains the
necessity of business cooperation with various social constituents and economic actors in order to
promote resilience and ensure continuity. To build a robust level of resilience capacity against flash
flooding and other EWEs, enterprises should engage and cooperate with other societal agents and
local community members. In this respect, Wyss et al. (2015) suggest that the cooperation of such
various individual agents, due to relative independencies and mutual interests, is a necessary
condition for resilience and adaptation processes in the tourism and hospitality sector as the support
of governmental authorities as well as media, NGOs and local community is deemed to be vital. This
approach can be explained through the systems theory and the natural resource dependency
theoretical perspectives.

3. An overview of empirical studies on SMEs resilience to weather extremes

Over the past decade an emerging wave of empirical studies around the world have sought to
explore how SMEs are affected by EWEs and flooding specifically, their coping range of strategies as
well as inhibitory factors to adaptation and organizational resilience (see Table 2). Such research
endeavors attempt to interpret the underlying threats and opportunities stemming from resilience
capacity (or the lack of) SMEs demonstrate.

Hermann and Guenther (2017) assess SMEs barriers to adopting climate change adaptation
strategies in a large city in Germany. Following a questionnaire survey method, a barrier scale was
developed allowing causal explanations for the occurrence of barriers and how they can be managed
and addressed. Likewise, Halkos et al. (2018) and Halkos and Skouloudis (2019) investigate
resilience barriers to EWEs and flooding among Greek SMEs through structural equation modelling
and quantile regression analysis allowing for fruitful insights and essential, context-specific,
evidence for practitioners and policy-makers respectively.

Karman (2020) investigates individual, organizational, community-specific, and
extreme-related factors affecting the resilience mechanisms applied by business entities from 20
European countries. Aiming to provide a better understanding of business resilience to weather
extremes, the study sheds light on the relative frequency particular mechanisms (including
disposition and administration of resources, self-organization, intra-organizational communication,
damage assessment, review of previous events, and the acquisition of external information) are
applied in and verifies determinants of their employment.
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Mullins and Soetanto (2013) focus on the relative importance ethnic differences and
demographic factors have in the disaster management field linked to flooding in Birmingham (UK)
communities. By employing a quantitative approach in data collection, they find three levels of
resilience and an association of those with different ethnic groups as well as that ethnic differences
consistently exist within the perceptions of business groups within the study’s communities which
have recent experience of flooding, but not in a community without recent flood experience.

Wedawatta et al. (2011) employ a mixed methods research design to elicit data on how
construction SMEs located in the Greater London area respond to EWE risks and stress that coping
strategies implemented leave much to be desired. In this respect, the authors stress the need for
better integration of EWE occurrence into initial project planning stages through better risk
assessment models as well as more accurate EWE prediction data. Similarly, Ingirige et al. (2012)
examine impacts of flooding on SMEs in Cockermouth (Cumbria, UK) using a mixed method of
interviews with experts having long-standing experience in advising SMEs on post-flood
reinstatement along with a questionnaire survey to 48 SME owners/managers. The findings of the
study provide fruitful and actionable insights on chartered surveyors’ capacity-building in the field
of SME adaptation to flood risk under the scope of reliable and valid advice on property-level flood
protection measures.

Kuruppu et al. (2013) conducted a mixed method approach involving a set of semi structured
interviews, case studies and a workshop to examine underlying factors and processes shaping the
adaptive capacity and resilience potential of Australian SMEs to climate change and weather
extremes. The study highlights the critical importance that contextual processes encapsulate in
enhancing the adaptive capacity of SMEs and Kuruppu et al. point out that contextual processes had
been largely overlooked in formal programmes aiming to build business resilience, being primarily
reactive and focusing on recovery during and after disasters rather than on anticipatory prevention
and preparedness.

Wedawatta and Ingirige (2012) conduct a number of short case studies among UK SMEs to
identify responses to flood risk as well as measures undertaken to address impacts. The authors
observe that, following a post-flood situation, SMEs tend to implement diverse property-level
protection measures and generic business continuity/risk management practices, according to
individual requirements, with the overarching aim of achieving a desired status of flood protection.
Ingirige and Russell (2015) also employ a case study analysis in seven SMEs in Braunton (North
Devon, UK) offering valuable evidence across a range of enterprises and highlighting innovative
approaches to flood impact mitigation. Aiming to contribute to behavioural changes, the report finds
that interviewed SMEs became ‘experts by experience’ on those resilience measures they
implemented and highlights the enthusiasm among the SME community for sharing and enhancing
their capacities further.

Utilizing an agent-based simulation model to assist UK SMEs facing flood disruptions Li et al.
(2015) and Li and Coates (2016) offer evidence towards the development of effective response
strategies which SMEs can employ to reduce the flood impacts, better assess the level of continuity
of operations and, ultimately, increase their resilience. In a similar vein, Alharbi and Coates (2018)
focus on UK manufacturing SMEs in Sheffield (UK) and model SMEs’ behaviours that can be
enacted pre- and post-flood and shed light on the influence of different types of insurance coverage
and financial status on the response and recovery from different levels of flooding, in attempt to
indicate the influence of combinations of these attributes on SME recovery. More recently, Coates et
al. (2020) provide findings of an application of a similar computational modelling and simulation
approach to evaluate SMEs’ operational resilience to extreme floods based on combinations of
structural and procedural mitigation measures that may be implemented to improve SMEs
resistance to flooding and ensure business continuity. Using the major flood event of 2007 in
Tewkesbury (UK) as case study, the assessment enables an evaluation of operational resilience of
manufacturing SMEs in terms of the relative effectiveness of flood mitigation measures and stresses
that structural mitigation measures are more effective compared to procedural ones.
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Kato and Charoenrat (2018) investigate business continuity management practices employed by
Thai SMEs in order to highlight underlying assistance needs. Analysing questionnaire-based data
gathered from SME managers the study confirms the increased disaster experience of Thai SME and
points out inadequate levels of preparedness towards business continuity planning allowing to
suggest the critical importance of extending support to SMEs in disaster-prone areas. Pathak and
Ahmad (2016) employ a mixed methods approach in order to examine flood recovery capacities
adopted by SMEs affected by flooding in the Pathumthani province (Thailand). Focusing on
manufacturing SMEs the study provides fruitful evidence of coping strategies and in ascertaining
the impacts of flood disasters in the area. In a similar vein, focusing in a flood-prone area of the
Bangkok Metropolitan Region, Mark and Thomalla (2017) examine SME responses and recovery
from the 2011 Bangkok floods and measures taken to reduce the vulnerability to future floods. By
conducting in-depth key informant interviews and a questionnaire survey with SME owners, the
authors shed light on how (and the extent to which) SMEs were affected by the 2011 Bangkok floods
and actions by SMEs and governmental bodies respectively in order to reduce vulnerability to future
flooding. The study concludes that socioeconomic factors interacted with the 2011 flood to
negatively affect SMEs as well as key political economy drivers of vulnerability of SMEs are far from
addressed.

Crick et al. (2018) report on the extent to which micro enterprises and SMEs in Senegal and
Kenya are adapting to climate risks. Drawing from findings derived from a questionnaire survey on
SMEs in semi-arid regions in these countries the assessment estimates the maturity of adaptation
measures in place and attempts to distinguish between sustainable and unsustainable adaptation.
The study encapsulates meaningful implications for policy interventions in building resilience to
future climate risks by indicating a number of factors affecting the level of organizational adaptation
to current climate variability: availability of financial resources, general business support, access to
information technology and adaptation assistance.

Focusing on SME sector in Philippines Ballesteros and Domingo (2015) set forth strategic
recommendations for local and national policy design in order to embed disaster risk reduction and
management into the SME planning and stress the key role of the regional economic forum of
Asia-Pacific Economic Cooperation (APEC) for endorsing the resilience of member-countries” SMEs
towards natural hazards. Similarly, Samantha (2018) conducted semi-structured interviews with
micro and SME owners regarding the adverse impacts of flooding in Sri Lanka and provides
recommendations on strategic multi-stakeholder policies to disaster risk reduction and disaster
coping mechanisms into the respective business sectors. The qualitative data allowed to outline
organizational experiences on various aspects of damage, rehabilitation and re-establishment and
indicated specific vulnerability points within the enterprise in terms of capital, labour, logistic and
market impacts.

Wilk et al. (2013) conduct interviews with commercial and small-scale farmers in South Africa
in an attempt to frame challenges and adaptive strategies to address climate-related stressors and
EWEs. The analysis suggests that small-scale farmers tend to be more vulnerable due to factors such
as the limited access to finance as well as to agricultural techniques for water and soil conservation
along with the high input costs of improved seed varieties. In contrast, commercial adaptation
strategies were primarily hindered by the vague governmental directives towards sustainable
agriculture and the climate-proofing of the agricultural production. Being part of a larger
participatory (climate) adaptation planning project with local stakeholder groups, the study
concludes knowledge transfer within and across farming communities, clearer governmental
directives and targeted locally-adapted finance programmes should be the best way forward.

Studies such as the above offer multiple actionable insights and provide implications to SME
management and policy-design in achieving a climate-proof and EWE-resilient SMEs sector.
Nevertheless, reflecting on the available literature, much work needs to be done to provide the
enabling conditions for SMEs to successfully to better prepare and successfully overcome such
environmental perturbations.
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Table 2. Empirical studies assessing SMEs responses to EWEs/flooding stimuli.

Year Author(s) Journal/Outlet Country(-ies) Method(s) Analytical lens
2011 Wedawatta, Ingirige, Jones and Proverbs Structural Survey United Kingdom Mixed methods Micro-level coping strategies
2012 Wedawatta and Ingirige Disaster Prevention & United Kingdom Semi-structured Micro-level coping strategies
Management interviews
2012 Ingirige, Proverbs and Wedawatta RICS Education Trust United Kingdom Mixed methods Organizational/micro-level;
resource dependency; institutional
capacities
2013 Wilk, Andersson and Warburton Regional Environmental Change South Africa Interviews Organizational/micro-level;
institutional capacities
2013 Mullins and Soetanto Disaster Prevention & United Kingdom Questionnaire Informal institutions (cultural
Management norms)
2013 Kuruppu, Murta, Mukheibir, Chong and National Climate Change Australia Mixed methods Organizational and meso- level;
Brennan Adaptation Research Facility institutional capacities
2015 Ingirige and Russell UK Climate United Kingdom Interviews Micro-level coping strategies;
Impacts Programme, resource dependency and
University of Oxford, institutional capacities
2015 Li, Coates, McGuinness and Johnson International Conference on United Kingdom Semi-structured System dynamics; micro- and
Flood resilience Zurich, interviews & macro-level interactions
Switzerland, 13-14 January agent-based modelling
2015 Ballesteros and Domingo Philippine Institute for Philippines Secondary data Organizational responses and
Development Studies analysis macro-level/institutional support
2016 Li and Coates International Journal Of Design ~ United Kingdom Semi-structured System dynamics; micro- and
Nature & Ecodynamics interviews & macro-level interactions
agent-based modelling
2016 Pathak and Ahmad International Journal of Disaster ~ Thailand Mixed methods Micro-level responses and
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Alharbi and Coates
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Germany

Thailand

Thailand

Sri Lanka

United Kingdom

Greece
Kenya, Senegal
Greece

20 European countries

United Kingdom

Questionnaire

Mixed methods

Questionnaire

Semi-structured
interviews
Semi-structured
interviews &
agent-based modelling

Questionnaire

Questionnaire
Questionnaire

Questionnaire

Semi-structured
interviews &

agent-based modelling

institutional capacities; macro-level
supporting mechanisms
Organizational capacities &
resource dependence

Micro-level responses and system
dynamics/macro-level support
Organizational/micro-level,
institutional capacities

Organizational/micro level

System dynamics; micro-level

responses & institutional capacities

Organizational/micro-level

Organizational/micro-level
Organizational/micro-level
Micro- & meso-level intreactions;
system dymanics

System dynamics; micro- and

macro-level interactions
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4. Conclusion and implications for future research

Undoubtedly, changes in weather patterns due to climate change and the increase of EWEs in
absolute numbers create a new reality for the business community. Special attention should be
devoted to flash flooding which emerges as one of the most critical EWEs with abrupt and disastrous
consequences for business and society (Coates et al., 2013; Pathak and Ahmad, 2016; Kreibich et al.,
2017; Li et al, 2015). Given that SMEs are particularly vulnerable to EWEs, lacking adequate
resources and managerial skills to minimize the negative impacts and successfully recover from
such disruptions (Samantha, 2018; Ingirige and Wedawatta, 2011; Coates et al., 2020; Crick et al 2018;
Lo et al,, 2019), it is crucial to assess the wide range of factors associated with the internal and
external business environment in order for SMEs to become better-prepared against flooding and its
damaging effects. Supporting arguments for this claim can also be found in previous studies on
flood impacts which indicate that such events can be a defining moment in SME operation causing
numerous severe damages and, in a worst-case scenario, forcing them to cease operations (Pathak
and Ahmad, 2016, Marks and Thomalla, 2017; Wedawatta et al., 2014; Craig et al., 2019).

Outlining the relevant literature, a key finding is that there is not a widely-applicable
management approach for addressing challenges accruing from flash flooding events. Although
there is a growing body of research on this field, the majority of previous studies have employed
questionnaire-based surveys or semi-structured interviews in order to elicit various factors and
approaches adopted by firms and associated with their resilience capacity, vulnerability to weather
extremes and their preparation level for future flooding extremes. These studies mainly document
previous experience or analyze the mechanisms and response (ex-post) strategies developed by
firms in order to increase their resilience capacity. Undoubtedly, such information is necessary for
understanding the context in which enterprises operate in relation to EWEs but it is insufficient in
guiding them to opt for the appropriate measures which will reduce their vulnerability to future
flooding events. This is because most of such studies fall short in proposing scalable tools and
s.m.a.r.t. targets (specific, measurable, achievable, realistic, and timely) which will definitely help
SMEs to assess the effectiveness of various flood protection measures taking to consideration their
their intrinsic characteristics.

Research on SMEs resilience capacity to EWEs, and flash floods in particular, leaves much to be
desired and should be advanced on its own merits beyond mere rhetoric and anecdotal evidence or
particularly fragmented data. With this in mind, there are some fruitful directions for future research
concerning the preparedness of SMEs to EWE threats in order take advantage of essential benefits
accruing from bouncing back and eventually thriving after such events. Flash flooding events
encapsulate multiple and diverse impacts on business, which can be closely interrelated,
complicating organizational efforts to build efficient mechanisms to deal with such natural hazards.
This is evident from the various approaches and criteria proposed to categorize floods impacts on
firms. Apart from direct impacts (such as damages to business premises and equipment, injuries as
well as losses of raw materials and stock), there are indirect impacts which can create serious
obstacles to business continuity, i.e. problems associated with the supply chain, human resources
and logistics (Syndnor et al., 2017; Samantha, 2018; Wedawatta et al., 2014; Wedawatta and Ingirige,
2012; Woodman, 2008). It is also worth mentioning that firms which have not been physically
affected by floods can also experience indirect impacts from these environmental perturbations
(Wedawatta et al., 2014). The temporal dimension is another aspect employed to classify impacts of
floods on firms into long- and short-term impacts (Wedawatta et al.,, 2014; Samantha, 2018).
According to Wedawatta and Ingirige (2012), damages to capital assets are indicative examples of
short-term impacts, while low income and high insurance premiums pertain to long-term impacts
among others. Additionally, flash flood impacts can be examined in relation to aspects of business
operation affected. In this respect, Metcalf et al. (2010) propose a list of climate change impacts
namely, markets, logistics, premises, people, procedure and finance while Ballesteros and Domingo
(2015) define four aspects of business operation affected by natural disasters: capital, logistics, labor
and market/buyers (see also Samantha, 2018). In light of the above, flash floods contribute to a
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dynamic and complex environment in which firms have to develop increased resilience and
adaptation capacities. It is essential for SMEs to gain a full understanding and appraisal of all the
dynamic multidirectional interactions between flooding impacts and business operation, time lags
which exist in these interactions and their effects on organizational performance over time.
Considering the limited resources of SMEs, SD can be a promising approach in facilitating SMEs to
respond to management challenges arising from floods. Both qualitative and quantitative tools of SD
may give room to SMEs to assess how a flash flood can affect various business aspects and to
evaluate the outcomes of alternative strategic scenarios (e.g. through quantitative simulation
models) or perform a what-if analysis testing of short- and long-term implications from flooding
(Sterman, 2000; Tsalis et al., 2015; Tsalis and Nikolaou., 2017). Such feedback can be a valuable input
for shaping strategies and developing mechanisms for adequate protection from floods. Thus, future
empirical studies could emphasize on the SD approach and its application in facilitating SMEs to
enhance their resilience capacity to flash floods and other EWEs.

Furthermore, a comprehensive analysis of past flooding events and the assessment of their
impacts on SMEs can be a meaningful approach in advancing our understanding of how various
internal and external measures affect SMEs’ level of resilience capacity (Samantha, 2018; Asgary et
al., 2012). By examining SMEs which have previous experience with flash floods, in-depth
knowledge can be obtained on the effectiveness of strategies and measures employed in order to
reduce impacts of and contribute to the recovery process. While several recent studies have sought
to analyze impacts and factors associated with the recovery from floods and other EWEs (Asgary et
al.,, 2012; Pathak and Ahmad, 2016, 2018; Samantha, 2018; Davlasheridze and Geylani, 2017;
Bahinipati et al., 2017), more empirical research is required in order to gain a better understanding of
particular measures and actions that facilitate SMEs to robustly address short- and long-term flood
impacts. Such knowledge, which can also be gained through the application of composite firm-level
indicators assessing organizational, behavioral and contextual factors of the resilience capacity level,
can serve as a basis for developing sets of actionable guidelines of good practices which may be
adjusted to individual needs and adopted by SMEs in order to strengthen their resilience capacity.
This can be achieved in collaboration with critical stakeholders in order to plan and implement
agendas for action which will enhance the resilience at a community or regional level (Metcalf et al.,
2010; Neise et al., 2019).

Lastly, in line with the above research recommendations, it is essential to consider and examine
in detail the role of the particular internal characteristics that distinguish SMEs from other firms and
pose barriers in their efforts to manage challenges and tensions linked to (previously unforeseen)
disruptive events such as flash floods (Coates et al., 2020;. Sullivan-Taylor and Branicki, 2011; Ates et
al., 2013). For a SME-specific flash flood management system to be robust and effective, additional
research shedding light on and allowing to overcome these barriers is essential. Research endeavors
focusing on these barriers can contribute in transforming such obstacles into new opportunities for
securing performance and continuity while minimizing negative impacts and bottlenecks associated
with flash floods among other natural hazards.

Funding: The research work was supported by the Hellenic Foundation for Research and Innovation
(H.FE.RIL) under the “First Call for HF.RI. Research Projects to support Faculty members and
Researchers and the procurement of high-cost research equipment grant” (Project Number:
HFRI-FM17-1844).
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