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Abstract

Flooding is one of the most complicated and prolific natural hazards that communities
face. Added to this, more people will be affected by this hazard than any other in the future.
Within recent years, there has been a notable shift in flood risk management from risk-
based approaches to resilience-based. Considered a novel and necessary approach, yet no
single definition of flood resilience exists. Leading to confusion surrounding the applicabil-
ity of the concept. A systematic review of flood resilience definitions was hence conducted,
covering a 5-year period from 2017 to 2021, resulting in 65 papers, supplemented by a nar-
rative review (to include papers outside of the scope of the study), which added a further
11 papers. Results indicated that whilst there is no singular definition for flood resilience,
there are similarities between definitions through the use of synonymous language. Whilst
there is evidence of these definitions evolving over time, there is still confusion over the
definition. Further research is required to further comprehend the definitions of resilience,
helping to develop the use of resilience within flood sciences and corresponding flood risk
management practices.

Keywords Flood resilience - Flood risk management - Community flood resilience -
Systematic review

1 Introduction

The severity of hydrological hazards is ever increasing across the globe, heavily impact-
ing the livelihood of communities worldwide (Kundzewicz and Matczak 2015), with
approximately 34.2 million people being affected between 1990 and 2020 (Salas 2023). It
is expected by 2050 that 70% of the world’s population will live in urban areas vulnerable
to flooding (da Silva et al. 2012). Increasing the likelihood of flood-related disasters due to
sheer community exposure. This risk is further compounded by ever increasing climatolog-
ical changes and population pressures, with flooding expected to affect more people in the
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future than any other natural hazard (Hallegatte et al. 2017). Furthermore, current levels of
flood adaption are considered inadequate, especially within the UK (Committee on Climate
Change 2016; Percival et al. 2019), where 1 in 6 houses are at risk from flooding (Environ-
ment Agency 2023). Hence, there is an urgent need for resilient flood risk management and
the research to drive it. Ensuring vulnerable communities are prepared for flooding and
understand the risks they potentially face. Leading to a reduction in flood impacts includ-
ing the mental and economic burdens they can have.

Flooding is a complicated and prolific hazard and one the UK for example has expe-
rienced many times over the years resulting in varying levels of impact. This includes
coincident flood events, which is a combination of several flood types at once, adding
further layers of complexity to an already very complicated problem (Thorne 2014). This
was especially the case in the UK 2007 floods, where a combination of heavy rainfall and
high-water levels caused by unusual weather (Environment Agency 2007), led to around
48,000 households being affected, 13 deaths (Cabinet Office 2008), and an economic
cost of around £3.2 billion (Penning-Rosswell, 2014). This was then followed in 2013/14,
where a combination of pluvial, fluvial, coastal and groundwater flooding caused signif-
icant damage to the South West of the UK, costing the economy a further £1.3 billion
(Environment Agency 2016). Worldwide, there have also been several major and compli-
cated flood events, particularly in the last 2 years, including the 2021 floods in Germany
and Belgium (Copernicus 2021), the devastating 2023 Pakistan floods that affected over 30
million people (The Guardian 2023), and finally the 2023 Greek and Libyan floods where
a combination of extreme rainfall and multiple dam collapse caused more than 6000 deaths
(Flemming 2023; UNICEF 2023). Alas, these types of flood disasters (complex, costly and
life-changing) are expected to increase drastically in the future, and a real shift in flood
management from risk- based to resilience-based approaches, is vitally needed (Aven
2019). This shift is crucial to ensure management of our complex systems and reduce vul-
nerability within areas most at risk to flooding (Morrison et al. 2018). It is widely accepted
that floods cannot be stopped from occurring, therefore learning from previous experiences
to help reduce hardship and community vulnerability (resilience) is essential to help us
deliver effective flood risk management (Kuang and Liao 2020).

Whilst considered a novel approach in natural hazards and flooding, resilience is widely
used in other disciplines, such as psychology, ecology, and medicine. Holling (1973) first
introduced the term of resilience into ecology, providing a definition referring to the persis-
tence of systems, their ability to absorb change whilst maintaining the same relationships,
similar to an equilibrium. This has provided a backbone for other fields to build on, how-
ever, within flood resilience, it has created ambiguity surrounding a definitive application
of the concept, with no single definition available (Adedeji et al 2018; McClymont et al
2020a, b; Disse et al 2020), and with different branches within flood resilience (i.e., com-
munity flood resilience, urban flood resilience, climate resilience) produced, all utilising
different definitions. Understanding the definitions of flood resilience is important in creat-
ing clarity within the field, which is currently lacking in several aspects of the term and
the corresponding management (McClymont et al. 2020b). Whilst risk-based approaches
can consider resilience within vulnerability measurements (IPCC, 2014; Percival and
Teeuw 2019; Biswas 2023), it may lead to generalisation or marginalisation of resilience,
and therefore reduces its significance within flood risk analyses and the measures based on
them. This creates irregularities that can lead to questions regarding the dependability of
the measurements and the flood risk management established due to them.

Hence this paper explored the evolution of resilience definitions within the flooding sec-
tor, discussing how differences within the definitions may be influenced by the direction of
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research, as well as the field in which the research is based (i.e., disaster resilience, urban
resilience, flood resilience). The aim of this review being to comprehend the current defi-
nitions of flood resilience within the sector in order to enhance the applicability of this
desired outcome within flood risk management and associated policies.

2 Methodology

A systematic review was conducted over a 5-year period, followed up by a supplementary
narrative review, including key papers known by the authors, that may fall outside of the
systematic review margins. A total of 76 papers were reviewed, outlined in Fig. 1.

A systematic review was first deployed using a pre-determined eligibility criterion,
including a key word search, using the terms “Disaster Resilience” and “Flood Resilience”
on Scopus and Google Scholar. This provided an opportunity to review papers not previ-
ously known by the authors, providing a comprehensive cover of the data set (Petticrew
and Roberts 2008). The review was conducted over a 5-year time frame which provided a
data set of n=_827 and resulted in a search from Ist January 2017 to 31st December 2021.

Initially during the screening stage, the key word searches provided over 200 results.
A more enhanced search was then deployed to further hone these results. This limited the
results to presence of key words in the title, abstract, key words, and highlights of search

results, including:

e Papers published within the Environmental or Social Sciences sector.
e Papers and articles published in English.

c

o
'-3 Papers identified

(4] through initial
-&-: database review

< (n=827)

)
=

v Exclusion criteria:
« Key words not included in

2 Papers after removal title, abstract, highlights

= of duplicates and | g 5| 2nd key words

o papers not meeting + Not within date range

o criteria (n=65) + Not open access journal or

(2] conference paper

« No definition of resilience
A 4

S Papers included in Papers included in Papers identified in

g final analysis fr.om | final analysis (n=76) | suppl_ementgry
= systematic review narrative review
£ (n=65) (n=11)

Fig. 1 Flow diagram of the search criteria used to identify papers including definitions of flood resilience
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e Open access journals.
e Article or conference papers.

Whilst these criteria potentially could have limited the search field, by limiting results
to this specific criterion, it ensured results were focused within natural hazards, specifically
resilience to flooding. A full text of each paper that met the criteria was then obtained and
a final criterion was introduced (Fig. 1); contain a definition of resilience (n=065). This was
used to ensure that each of the papers were focused on resilience, and the definitions could
be coded and categorised, dependent on the focus of the paper, the type of resilience dis-
cussed, and the focus of the definition.

To enhance the review dataset even further, a narrative review (Fig. 1) was conducted to
provide further depth and integrity. This included papers previously known to the authors,
that were outside of the search scope (i.e., outside of the 5-year timeframe) yet were seen
as pioneering ideas within the resilience sector. This added an additional 11 papers to the
review.

3 Results and discussion

Initial analysis of the papers indicated research within flood resilience is increasing; this
is potentially due to shifts from risk-based approaches to more pragmatic resilience-based
ways of thinking, with further increases expected in the future (Fig. 2). This change in per-
spective has also translated in the definitions of flood resilience, with over 30 definitions
uncovered within this review. The previously mentioned definition provided by Holling
(1973), is still assumed to be the pioneering definition, and used within multiple papers
included within this review (Manyena 2006; Cutter et al. 2008). Creating a foundation for
further definitions to be built upon, which is evident in many of the flood resilience defini-
tions highlighted within this study.

25

20

15

10

Number of papers published

2017 2018 2019 2020 2021
Publication Year

Fig.2 Resilience papers published including a definition of flood resilience, 20172021 (n=65)
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A frequency analysis was also conducted during the review and showed similar lan-
guage is used throughout the definitions of resilience within the dataset. The most common
words were ‘absorb’ (n=25), ‘recover’ (n=25), and ‘adapt’ (n=22) (Fig. 3). This lan-
guage is synonymous within not only flood resilience but also flood risk and disaster risk
in general. The majority of the dataset provided differing definitions of flood resilience,
yet, the most common was stated in 6 papers (Atreya and Kunreuther 2016; Keating et al.
2017; Campbell et al. 2019; Rezende et al. 2019; Laurien et al 2020; Hochrainer-Stigler
et al. 2020) and was provided by Keating et al., (2017) as “the ability of a system, com-
munity, or society to pursue its social, ecological, and economic development and growth
objectives, while managing its disaster risk over time, in a mutually reinforcing way”. Sug-
gesting there are different elements of flood resilience that need to be considered including
aspects of our systems, our communities, and society. This definition is one of the only
ones that reflects reality, as all aspects of life are considered within, this is not always the
case in other definitions. Whilst some studies create diverse and well-rounded definitions,
which are not specific to a singular source, this is not always the case. Haque and Dober-
stein’s (2021) definition of community flood resilience simplifies the term, only referencing
a community’s ability to withstand external factors, with minimal support. Even though
complex definitions (such as Keating et al., (2017)), provide an in depth understanding of
flood resilience, simple definitions usually provide a foundation that complex definitions
can be built upon, which is vital for the evolution of definitions such as flood resilience.

Early definitions of flood resilience appear to encompass a broader concept of resil-
ience, for example Wildavsky (1991), referred to it as ‘bouncing back’ after unanticipated
dangers, which overtime, becomes more focused and branches into several disciplines
within flood resilience, including community, socio-economic and systems resilience, with
overlap between the disciplines, as shown in Fig. 4. Papers were categorised by the focus
of their definitions (Fig. 4), with systems equalling physical based approaches, community
equating to definitions that consider how communities react to flooding, and socio-ecolog-
ical definitions reflecting on the relationships between society and ecosystems. The ‘other’

absorb accommodate . adapt
rments » dnticipation
.. change .. cope
disturbance . efficiency function . grow
plan preparatlon preserve » PUFSUE
re C Ove r reduce reorganise
resist . resources o respond « restore
shock . stress . survive transformed
unanticipatec WIthStand

Fig.3 TagCloud of key words observed in flood resilience definitions included within the study
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Fig.4 Aspects of resilience included within flood resilience definitions from the review

category encompasses more generalised definitions, such as Xu et al (2021) ‘The ability
to prepare and plan for, absorb, recover from, and more successfully adapt to adverse
event’. These types of definitions are recorded throughout the review and are generally
tautological.

McDonald-Harker et al. (2021) focused their research on resilience amongst children
and youth in disasters and used a socio-economic definition of disaster resilience within
the study: “capacity to navigate to health-enhancing resources that nurture individual,
relational and community assets, as well as the capacity of individuals to negotiate with
others for these resources to be provided to them in culturally meaningful ways", which
also encompasses community resilience. However, He et al., (2021), who published just
a month later, provided a definition of flood resilience predominantly relating to physical
systems, their capacities, and the ability to function the same. This can be considered a
systems-based definition. Even though this study is also based on social flood resilience,
it uses a definition that is more engineering-based, to encompass multiple aspects of resil-
ience. Highlighting the direction of the research/project affects how the definitions are
established.

Further evidence of dichotomy can be observed between the different fields of research.
Within this review, 57% of the papers were flood resilience based, with the remaining 43%
split relatively equally between disaster resilience (10%), climate resilience (6%), commu-
nity flood resilience (11%), urban flood resilience (9%) and other, uncategorised resilience
(6%) (Fig. 5). Definitions of flood resilience between these categories differ, with some
overlap between the fields. For example, there are differences between urban flood resil-
ience and flood resilience, however, there is overlap when it comes to the socio-economic
focus of the two. Wardekker et al., (2020) defines urban flood resilience as “the ability of a
city or urban system to withstand a wide array of shocks and stresses”. A second definition
was also provided which had a greater socio-economic base, referring to how communi-
ties, businesses and systems adapt and grow after a disaster. Within urban flood resilience,
there is usually a single definition provided, sometimes combining physical and socio-eco-
nomic definitions, that are not specific to just flooding, but also other natural hazards. For
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Fig.5 Papers included within the review split into resilience types (n=109)

example, Agrawal et al., (2020), who defined resilience as “the ability of a system, com-
munity or society exposed to hazards to resist, absorb, accommodate, adapt to, transform
and recover from the effects of a hazard in a timely and efficient manner, including through
the preservation and restoration of its essential basic structures and functions through risk
management.” Highlighting, whilst there are differences between the definitions, urban
flood resilience appears to be defined in a much simpler way than flood resilience, whilst
at the same time conveying a similar message. This indicates that a complex definition of
flood resilience may not be required for all aspects of flood resilience, and potentially a
simple one, depending on the context, could be enough.

As a relatively new concept, there is a level of evolution expected within the term flood
resilience, from simplistic definitions to more advanced and specific definitions, focus-
ing on the different aspects of flood resilience. With increasing diversity over time, it is
increasingly more difficult to define flood resilience. This has been widely observed within
other fields, causing a lack of convergence (Monte et al. 2021), creating confusion in
emerging topics or associated management. For example, Perry (2018) discussed the evo-
lution of definitions within disaster resilience. Whilst there is a level of evolution expected
within disaster resilience, since it is a relatively new concept, this increasing diversification
of the definitions is making it increasingly difficult to define, however, this could be seen as
a more accurate reflection of reality.

Due to the several branches of flood resilience, (i.e. urban flood resilience, commu-
nity flood resilience, coastal flood resilience) the evolution of definitions is increasingly
complex, and branches in many directions. However, there is evidence of evolvement,
within all sectors of flooding. For example, Murdock et al., (2018), who focused on
flood resilience, provided a simple definition, referring to coping with disturbances.
This was then built on by Hemmati et al., (2020), who also focused on flood resilience,
by suggesting that resilience is not only the ability to cope, but also to recover and adapt
to any adverse effects. Whilst these are both systems based definitions, the evolution
and addition to Murdock et al., (2018) definition has provided a richer definition, that
not only focuses on coping, but also recovery, which is now viewed as a key part to
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flood resilience. This evolution suggests that as research develops, and a greater under-
standing of flood resilience is developed, the definitions become increasingly diverse,
and include more key features (included in Fig. 3). Whilst this is expected within novel
approaches, the continuation of divergence and inclusion of differing defining features
can cause complications when trying to advance science (Quarentelli, 1995) and any
management and/or policies related to that science.

There is further evidence of definitions becoming more well-rounded and inclusive of
all aspects of flood resilience. Whilst earlier definitions (Klein et al. (2003), Pelling (2003)
and Cutter et al., (2008)) tend to focus on one aspect of flood resilience (i.e. systems or
community), there is a notable increase of inclusion of 2 or more aspects of flood resil-
ience, as early as 2005, with the UNISDR defining flood resilience as ‘The capacity of
a system, community or society potentially exposed to hazards to adapt, by resisting or
changing in order to reach and maintain an acceptable level of functioning and structure.
This is determined by the degree to which the social system is capable of organising itself
to increase this capacity for learning from past disasters for better future protection and to
improve risk reduction measures’ (UNISDR, 2005; Manyena 2006). Whilst these defini-
tions are still limited, it indicates that researchers are focusing more on the holistic element
of flood resilience, with it not only being considered a social or physical component, but
multi-dimensional. This idea has been adopted in other fields of resilience, such as Walker
et al., (2002), who suggested that resilience could be defined using three key attributes:
1. maintenance of structure and function in the face of disturbance, 2. the ability to self-
organise in response or anticipation to disturbance, 3. capacity for learning and adapta-
tion (Bohensky and Leitch 2014). Whilst this incorporates different aspects of resilience, it
could be considered as reductionist when defining flood resilience, due to the complexity/
reality of its nature.

Within the UK public sector, there are also variations in the definitions, if one is even
provided. Within the HM Government (2016) National Flood Resilience Review, the focus
is still very much risk-based, focusing on infrastructure and defences. However, the Flood
and Coastal Erosion Risk Management (FCERM) Scheme, set out by the Environment
Agency, defines resilience in terms of flooding and coastal change, referring to the capacity
of not only people but also places. Whilst it still refers to ‘protecting’ people and places,
it also incorporates recovery and adaptation to coastal changes and climate changes (Envi-
ronment Agency 2023). This shows there are further considerations of flood resilience
within the governmental sector, and the understanding of the concept is developing, but not
at the same rate as wider research.

Overall, whilst research into flood resilience is increasing and diversifying, there is still
no one consensus on the definition of flood resilience. Due to the many branches of flood
resilience, many of the definitions provided focus on different aspects of flooding, however,
the flood resilience definitions can be grouped into community, socio-economic and sys-
tems resilience. These groupings provide organisation for the flood resilience definitions,
with many encompassing more than one grouping (i.e. Heinzlef et al. (2019); Hochrainer-
Stigler et al (2020); Slavikova, Hartmann, and Thaler, (2021)). Whilst there is evident of
diversification of flood resilience definitions over time, they appear to use synonymous
language (Fig. 3), yet there is very few repeated throughout the review. Hence, whilst the
language used is very similar between definitions, the focus of the paper it originated from
influences the definition provided, increasing the complexity of the definitions. Although
this is expected, it may not be necessary for future definitions. Furthermore, though com-
plex definitions of flood resilience can provide a deeper understanding, a simple baseline
definition may be enough and more effective, especially when the definitions are being
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provided to the general public or other non-expert stakeholders. This definition can then be
built on depending on the direction of the study/project and the stakeholders involved.

Finally, whilst this study has indicated there is a level of evolution within definitions of
flood resilience, there are limitations to this study. These include the scope of the system-
atic review. Conducted over a span of 5 years, only more recent publications were included
within the analysis. This may have created a bias towards how the term has evolved within
the field due to only including more recent research. Whilst this was supplemented with a
narrative review, the research’s scope was still small. Whilst the focus of this review was
directed towards flood resilience, there are many other fields within natural hazards that
utilise the concept of resilience, which may provide a more comprehensive definition. By
expanding the criteria and timespan of the research a more comprehensive review of resil-
ience could take place. Not only furthering our understanding of flood and disaster resil-
ience, but also resilience to other natural hazards. Utilising previous resilience research can
aid in the creation of a base definition that can be built upon within multiple hazard-related
fields. Leading to a more thorough understanding of the patterns of the use of the term
resilience and the definitions provided. This will allow future research to further under-
stand previous uses of the definition, with the aim to progress definitions of resilience, to
help comprehend the idea further and provide a basis for new research and effective risk
management.

4 Conclusion

The frequency and intensity of natural hazards, especially flooding, are expected to
increase over the coming years. Previously, research has focused on risk, however, there
is a need to shift to resilience-based approaches. However, resilience is widely used within
the field of social sciences and psychology; and this has created ambiguity surrounding the
definition of resilience particularly in the field of natural hazards. Hence a systematic and
narrative review of flood resilience via 65 papers was presented in this article and found
that whilst the frequency of flood resilience research is increasing, there is still no single
definition for flood resilience, creating confusion, complexity and potentially misuse of the
term. Currently, flood resilience definitions are split between several fields, however they
can mostly be grouped into community, socio-economic and systems resilience, with many
incorporating two or more of these. The language used between the definitions is similar,
however very few definitions were repeated directly. Over time, the definition has evolved,
with earlier definitions being considered simple and later ones increasing in complexity.
Furthermore, overtime, there is also an element of dichotomy that has influenced the defi-
nition used.

Overall, whilst there currently is no single definition for flood resilience, many of them
utilise similar language, and portray similar messages. The differences are expected to be
due to the novel nature of the term within the field and has been witnessed in other fields.
However, for the term to become more widely used, it needs to become more definitive and
ideally with a general overarching definition, that will ultimately help understanding and
application of the term. Providing a foundation for resilient flood risk management proto-
cols to be built upon, leading to sustainable and resilient responses to flooding.
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