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Abstract
In response to the inadequacy of flood control infrastructures under uncertainties, building community resilience has 
become a vital concern in modern flood risk management for flood mitigation and recovery options. Relatedly, there 
has been growing recognition of the importance of community flood resilience measurement, and several tools to 
measure resilience have been introduced since the turn of this century. However, overall yield from resilience works 
can be compromised if the measurements do not conform to theoretical basis. By identifying evaluation methodology 
which takes the multifaceted nature of resilience into account, this study analyzed existing community flood resilience 
measurement tools. The results show that the importance of assessing and enhancing community competence in flood 
resilience building is unnoticed by the majority of the analyzed frameworks. Adopting a participatory approach and 
measurement under uncertainties are overlooked by a significant proportion of the frameworks. Moreover, issues of 
spatial and temporal interdependencies have received less attention. Consequently, the multi faceted nature of resilience 
appears inadequately addressed in existing frameworks, and measurements of community flood resilience tend to be 
inconsistent. The study would support efforts being made to improve consistency and effectiveness community flood 
resilience measurements and to operationalize the concept of resilience in flood disaster management.
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Abbreviation
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1 Introduction

Nowadays, flood has become the most frequent natural 
hazard posing significant social, economic and environ-
mental damages across the globe with high level of vul-
nerability of urban areas [1–5]. Over the years, the use of 
flood control infrastructures has been regarded as the pre-
dominant method for urban flood mitigation [6, 7]. How-
ever, conventional engineering approaches to design such 
infrastructures assume that the pattern of flow variability 
remains unchanged over time [8]. Therefore, flood con-
trol infrastructures are unlikely reliable under uncertainties 

arising from human–nature couplings such as climate 
change and urbanization [6, 9–11].

Since recent decades, attention is shifting toward resil-
ience-based strategies for flood mitigation and recovery 
options [12, 13]. Resilience is a contested concept that has 
been exposed to different definitions in various disciplines 
and contexts [14–16]. For instance, in engineering, resil-
ience refers to a system’s ability to resist and return to orig-
inal state [6]. In ecology, it is associated with the change 
that the system can tolerate and the capacity to reorganize 
or renew, irrespective of the state [12, 17]. Application of 
the resilience concept in urban planning and natural haz-
ard management is recent, as compared to in engineering 
and in ecology [6, 18], yet it has been increasingly used 
to provide a means to manage risks due to unexpected 
shocks and to realize sustainability over time [19–24].
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In line with the grown concern of enhancing disas-
ter resilience, the issue of methods and instruments for 
measuring resilience has captured a significant attention 
in disaster risk management. Supporting decision making 
processes, resilience measurement tools enable to assess 
the level to which a particular system is resilient to various 
shocks, to understand where intervention is needed and 
to choose options for actions [25–28]. These tools allow to 
establish baselines and to monitor progress in improve-
ments of resilience over time [28–31]. Besides, resilience 
measurement frameworks can be used to evaluate effec-
tiveness of resilience building interventions. Moreover, the 
results obtained from the resilience measurements of dif-
ferent scales can be used to undertake a comparison with 
best practice standards or between individuals, groups, 
communities, regions and countries [32]. Such comparison 
can provide a platform for experience sharing between 
peers. Exposure to different experiences can generate 
initiations to try new practices toward enhancement of 
their resilience. Finally, an assessment tool developed and 
implemented through participatory approach improves 
local understanding of risk and resilience, which in turn 
increases the coordination between all stakeholders in 
the planning and implementation of resilience building 
actions [32].

Despite increased understanding and application 
of the resilience concept across disciplines, there is still 
an absence of consensus concerning consistency in its 
measurement [25, 32]. Regarding to the question “resil-
ience to what?”, some of the measurement frameworks 
are designed to operate in multiple shocks, whereas oth-
ers aim to function in the context of particular hazards. 
Multi-hazard frameworks mostly use general resilience 
indicators. On the other hand, hazard-specific frameworks 
include specific indicators enabling to capture greater 
detail of information related to a particular hazard.

Based on an approach (top-down or bottom-up) 
adopted in their development process, the resilience 
assessment frameworks can differ in the selection of indi-
cators. For instance, most of the frameworks mainly used 
for standardization of data and undertaking comparison 
across scales are developed using top-down approach 
[33]. They use general indicators and more suitable under 
data variability and contextual differences. In contrast, 
some frameworks are developed based on participatory 
(bottom-up) approach using substantial input from poten-
tial stakeholders, and they include more details and spe-
cific indicators [34].

On the other hand, the temporal phases of disaster 
in which resilience is measured affect the choice of vari-
ables in index construction. Particularly, in assessing the 
results of resilience building programs, some frameworks 
are more suitable to conduct a broad measurement of 

resilience capacities using more indicators to better reflect 
the details required for program intervention, and they 
usually applied before a disaster. However, frameworks 
aiming at measuring response and recovery after a disas-
ter use a limited set of indicators [32].

Variation in the scales at which different disciplines con-
sider resilience is also an important factor influencing the 
selection of indicators. For example, urban planning-ori-
ented frameworks mostly focus on higher-level indicators 
such as municipal planning process and communication 
system in contrast to household level indicators, which 
are common for frameworks dealing with disaster risk 
reduction [35]. Moreover, resilience is multi-dimensional 
such as physical, social, financial, institutional, etc., and 
it is difficult to decide which component exactly leads a 
particular community to resilient [2, 36]. Hence, different 
sectors conceptualize resilience components differently; 
therefore, differences appear in the design of frameworks. 
Given these constraints, a number of tools have been 
developed and implemented at various spatial scales (local 
to global) with or without participatory approach in differ-
ent contexts: pre-disaster to post-disaster, shock-specific 
to multiple hazards.

Several researchers studied the contents of resil-
ience measurement tools, the general formats in which 
the frameworks are structured and the methods for the 
development of the tools. Monaghan et  al. [39] stud-
ied key features of six community resilience assessment 
toolkits. Winderl [32] mapped and discussed the charac-
teristics of twenty-seven national and community-level 
resilience assessment tools. Lavelle et al. [33] provided 
a critical review of nine disaster resilience measurement 
methodologies based on five major criteria. Hughes and 
Sharman [11] compared and contrasted the main fea-
tures of five resilience assessment frameworks selected 
from diverse alternative approaches to complex issues 
of resilience. Examining seventeen resilience assessment 
frameworks, Schipper and Langston [29] reported the 
disparities between resilience theory and the focuses of 
indicators used in resilience assessment frameworks. In 
line with relatively new, but growing concept of resilience 
measurement in research and practice, it has been empha-
sized that more studies are required in order to enhance 
understanding and operationalization of the concept of 
resilience measurement in different disciplines [24, 29, 32].

Although the above-acknowledged studies have 
provided insight into the characteristics of resilience 
measurement tools, attempts to review resilience 
measures focusing on specific hazard are limited. The 
diverse understanding of the resilience concept in dif-
ferent disciplines makes the intent of the resilience 
assessment frameworks mostly remain within the body 
of knowledge deduced from their own field of studies 
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[30]. Therefore, they could give slightly diverse direc-
tions on the indicators that contribute to the resilience 
of a particular hazard. With this regard, analyzing resil-
ience assessment tools using hazard-oriented approach 
enables to pinpoint required improvements specific to 
the hazard, thereby supporting the efforts being made 
to establish a consistent basis of measurements and to 
enhance operationalization of the resilience concept. In 
addition, it provides the main features of the resilience 
assessment tools which can support decisions how and 
when to select, arrange or integrate the frameworks 
under different settings, since each tool could be more 
suitable for one or more phases of a particular applica-
tion (e.g., in stages of disaster risk management cycle). 
It can also highlight how resilience is being recognized 
and assessed in various fields of studies. Particularly, in 
line with the increasing interest of resilience-based flood 
risk management [19–22], improved understanding of 
how resilience measurement is being operationalized in 
the context of flood hazard, merits further analysis.

Hence, the central aim of this study is to analyze exist-
ing community flood resilience assessment (CFRA) tools by 
examining whether the multifaceted nature of resilience 
has been addressed in their development and implemen-
tation processes. More specifically, it is conducted (i) to 
provide an overview of existing CFRA frameworks; (ii) to 
define evaluation criteria for CFRA, taking into account 
the multifaceted nature of resilience; (iii) to evaluate the 
frameworks against the evaluation criteria.

2  Materials and methods

2.1  Selection of frameworks

The resilience measurement frameworks were accessed 
through a blind search in Google and Google scholar 
both in March and in September 2018. Keywords such as 
tool, model, index, measure, framework in combination 
with flood resilience were used in the search. As a result, 
twenty-eight resilience assessment frameworks were iden-
tified. The contents of the documents were examined to 
identify if they are reporting for frameworks developed 
for specific to flood resilience or to multiple natural disas-
ter resilience with the inclusion of flood hazard. The study 
excluded frameworks designed to measure resilience of 
single component such as street networks [5] and railway 
transport [41]. This produced a total of seventeen resil-
ience assessment frameworks shown in Table 1. Further, 
documents such as manuals, journal articles, reports and 
guidelines related to the selected tools were used in the 
review.

2.2  Overview of the selected CFRA frameworks

Overall, majority of selected frameworks (Table 1) have 
been released since last decade, highlighting the appli-
cation of resilience measurement is recent. The frame-
works are developed by researchers, governmental insti-
tutions and international donor organizations. Although 
they are slightly different in their focus and application, 
most of the frameworks appear primarily developed 
to assess resilience of developed countries. However, 
assessment frameworks developed by non-local profes-
sionals may have little potential to properly address the 
context specificity of flood resilience of local community 
of developing countries.

Further, the frameworks are structured into four gen-
eral formats: index, scorecard, model and toolkit. Indices 
usually use the sum of scores acquired for all indicators 
of the measurement framework, and mostly they rely on 
quantitative data for producing an index value. The value 
can be a single value aggregated from all indicators used 
in the assessment tool, or more commonly, as sets of 
values related to respective resilience dimensions [42, 
43]. This format is more transparent and easy to under-
stand; at the same time, if the value is obtained based 
on some standardization, it can be used for comparison 
purpose (e.g., between communities). More than half of 
the selected frameworks have been structured in index 
format. In contrast, scorecard format has been used in 
few tools. It is a list of questions to help community 
members to assess their resilience in each dimension 
in the resilience measurement frameworks. Scorecard is 
simple to use and mostly utilized when the emphasis is 
to prepare a community to adapt future change [44, 45].

The use of modeling approach has also been intro-
duced in fewer number of selected tools. Model sim-
plifies the complex relationship between resilience 
assessment variables [5, 46]. By using the past and cur-
rent data on flood impact as input to mathematical algo-
rithms for scenario analyses, it can be used to estimate 
future conditions, and it allows to assess the expected 
damages in a given year. This offers opportunity to set 
a goal of resilience building interventions. By measur-
ing improvements in the resilience at a given year as a 
result of resilience building action, and comparing the 
result with a modeling output of the respective year, it 
is possible to better interpret the progress (implying the 
effectiveness of resilience building interventions) over a 
specific period of time [38]. The same number of propor-
tion of tools has been developed in toolkit format. With 
a broader scope, the toolkit uses one or a combination 
of the above mentioned formats. It establishes assess-
ment procedures, and outline mechanisms for identify-
ing assessment criteria [45].
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2.3  Framework for evaluation

2.3.1  Definition of community flood resilience

In order to develop criteria to analyze an approach 
used in the development and implementation of CFRA 
frameworks, it is essential to first elucidate what com-
munity flood resilience refers to. It combines two con-
tested terms, “Community” and “Resilience,” each of them 
are defined in different ways. In this study, community 
refers to a population of a flooded neighborhood with 
common geographic boundary or “shared fate.” Further, 
drawing on an expanded definition of resilience pro-
posed by Meerow et al. [16], the definition of community 
flood resilience is framed as:

Community flood resilience is the ability of a com-
munity -and all of its socio-ecological and socio-tech-
nical networks across temporal and spatial scales-to 
maintain or rapidly return to desired functions in 
the face of flood events, to adapt to change, and to 
transform systems that affect the current and future 
adaptive capacity.

It comprises of six basic features of resilience. First, it 
focuses on specific hazard (i.e., flood) which is concrete 
for evaluation. Second, a community is conceptualized as 
complex and adaptive system encompassing socio-eco-
logical and socio-technical networks. Third, it acknowl-
edges the importance of resilience in multiple spatial 
scales. Fourth, it recognizes the importance of resilience in 

Table 1  Basic information of the community flood resilience assessment frameworks selected for analysis

Framework/tool Denotation Year of initial 
development

Developers Focus General format References

Coastal Community Resilience 
Toolkit

CCR 2007 U.S. Indian Ocean Tsunami 
Warning System Program.

US Toolkit [47]

Community and Regional Resil-
ience Initiative

CARRI 2008 Community and Regional Resil-
ience Initiative

US Index [37]

Community Disaster Resilience 
Framework

CDRF 2009 Academia US Index [48]

The PEOPLES Resilience Frame-
work

PEOPLES 2010 National Institute of Standards 
& Technology

US Index [49–51]

Coastal Community Resilience 
Index

CCRI 2010 Academia US Index [52]

Baseline Disaster Resilience 
Indicators

BDRI 2010 Academia US Index [42]

Flood Resilience Index FRI 2013 Academia Europe & Asia Index [14, 53]
Community Disaster Resilience 

Scorecard
CDRS 2013 Academia Australia Scorecard [45, 54]

Resilient Communities Score-
card

RCS 2013 Vermont Natural Resources 
Council

US Scorecard [44]

Community Resilience Measure-
ment Framework

CRMF 2013 United States Agency for Inter-
national Development

Global Model [38]

ARUP’s City Resilience Frame-
work

CRF 2014 The Rockefeller Foundation, 
ARUP

Global Index [26]

IFRC Framework for Community 
Resilience

FCR 2014 The International Federation of 
Red Cross and Red Crescent 
Societies

Global Toolkit [55]

Australian Natural Disaster 
Index

ADRI 2016 Academia Australia Index [43]

ResilSIM ResilSIM 2016 Academia US Model [46]
Community Flood Resilience 

Measurement Tool
CRMT 2017 Academia Global Index [28]

Community Disaster Resilience 
Index

CDRI 2017 Academia Latvia Index [55]

Maine Flood Resilience Check-
list

MFRC 2017 Maine Coastal Program US Scorecard [57]
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different time period. Fifth, it recognizes that resilience is 
a combination of multiple capacities such as the capacity 
to recover after the flood, to adapt to a changing environ-
ment, and to transform. Finally, resilience is framed as an 
explicitly desirable state, suggesting negotiation among 
those who ratify it empirically.

2.3.2  Analysis criteria

In this study, criteria for analyzing the selected flood resil-
ience assessment frameworks were developed through lit-
erature review. The criteria comprise not only those used 
to evaluate whether the basic features of the above defi-
nition (Sect. 2.3.1) have been addressed with the selected 
tools, but also include the criteria deemed necessary to 
improve the effectiveness of resilience measurements. 
With this respect, a community flood resilience assessment 
tool should inclusively address the array of community 
flood resilience, take into account the link between multi-
ple spatial scales, be able to assess changes over time, be 
able to capture both the objective and subjective aspects 
of community flood resilience, develop suitable measures 
for capturing uncertainties, take into account the relative 
importance of indicators and be applied across differ-
ent purposes. These criteria are further discussed in the 
remainder of this section.

2.3.2.1 Multi‑dimensional measurement (inclusiveness) A 
community flood resilience draws on different interde-
pendent dimensions. In this study, these dimensions 
were distilled from the indicators through the hierarchi-
cal structure with three levels. The first level comprises 
main categories of community flood resilience (dimen-
sions). The second level is make-up of the components 
of the dimensions (sub-dimensions) and the third level 
was comprised indicators’ sets that measure the status of 
components. In general, the community flood resilience 
dimensions are categorized into eight (Table 2), and each 
of these dimensions and related potential indicators are 
discussed below.

Environmental dimension indicates availability, acces-
sibility and management of natural resources such as 
water and land that provide space to live and work. The 
availability of accessible natural resources has a significant 
role in enhancement of community resilience to flood [48, 
56]. For instance, wetland can absorb impacts of flood 
and improve the recovery process. The quality and per-
formance of natural assets can also be maintained through 
proactive resource management, such as absorption of flu-
vial flooding by upstream watershed [26, 47] and adequate 
conservation through erosion protection activities [55].

Physical dimension indicates the capability of the 
physical system, including built environment along with 
existing infrastructures to perform at acceptable levels 

Table 2  Defined community flood resilience dimensions used to assess the multi-dimensionality of the selected frameworks

Dimensions Sub-dimensions Dimensions Sub-dimensions

Environmental Natural assets/resources Community competence Collective action and decision making
Conservation of natural resources Critical reflection and problem solving 

skills
Financial Structure Flexibility and creativity

Financial Security and stability Collective efficacy and empowerment
Dynamism Quality of life

Physical Facilities Institutional (organizational) Executive/administrative
Infrastructures Local institutions
Protective infrastructures Partnership
Efficiency and maintenance of infrastruc-

tures
Regulations/enforcements

Land use and structural design Education and training:
Human (population 

and demographic)
Composition Community participation and engagement
Socio-economic status Technical Early warning systems
Education attainment Emergency response
especial needs for assistance Recovery plans

Social/cultural capital Social networks Contingency plans
Knowledge and skill in relation to past 

events
Resource management plan

Peace and security (safety) Hazard exposure and mapping
Social supports (norms, trust, etc.)
Social memory (place attachment)
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during and after a flood event [49, 58, 59]. In addition, it 
includes all components those add redundancy and their 
interconnections (e.g., alternative routes, emergency 
response routes, evacuation pathways). In resilient com-
munity, infrastructures and facilities are efficient, robust 
and functional during and after flood events. Available and 
accessible infrastructure and community facilities (such as 
emergency shelters, healthcare) support emergency man-
agement [60]. Ensuring their functionality during flood 
events is essential for emergency response. Exposure can 
be reduced through the use of protective infrastructures. 
In addition, the level of community’s resilience during and 
after flood event can be influenced by the robustness and 
efficiency of physical infrastructure as well as adequacy of 
maintenance [37]. Availability of effective land use plan 
and structural design that complements natural environ-
ment, economic and community aims together with plan-
ning regulation and building codes are also useful tools 
to reduce risks from floods [47, 50]. In addition, land use 
plan prepared and implemented through participation of 
all stakeholders can facilitate coordination and helps to 
control and guide future development, which in turn, sup-
ports to reduce risks from flood [26, 58].

Financial dimension refers to the current economy 
(static) and ability to sustain economic growth (dynamic) 
[49] that influence the ability of the community to prepare 
for and recover from a flood event [43]. It includes diver-
sity of income bases and access to financial resources [61]. 
Improved financial capital can enhance the capabilities 
of individuals to cope against disaster and speed up the 
recovery process [37, 62]. In addition, increased potential 
for damage due to increased wealth can create a moti-
vation for mitigation [43]. Economic security and stabil-
ity has also an important role in building flood resilience. 
For instance, individual and collective asset bases (saving 
and convertible properties) can support a community cop-
ing strategies [26, 28]. On the other hand, single-sector 
employment dependence of a community can increase 
the vulnerability during disruption [43]. Hence, access 
to different financial sources (credit schemes) support 
business development by allowing individuals to seek 
employment options during times of economic decline 
[26]. Moreover, availability of appropriate business miti-
gation plan reduces potential business interruptions and 
ensure financial security of the community [63]. On the 
other hand, a strong economic system enables the higher 
level to maintain infrastructure provision, and it helps to 
generate contingency funds required for emergencies and 
unexpected events. More of, attracting and retaining busi-
ness through investments and economic diversity can help 
to overcome the economic declination due to disaster [51].

Human dimension indicates features of a community 
represented by the population and demographic factors 

that can influence capabilities of a community to with-
stand, prepare for and recover from adverse impacts from 
a flood event [43, 49]. The factors can be categorized under 
different themes including composition, education attain-
ment, physical ability of a community members and socio-
economic [28, 56, 58]. For instance, the financial resilience 
of a community depends on the capacity and skills of its 
working population to support the dependent population. 
In addition, negative impacts of flood hazards are usually 
unevenly distributed across the prone inhabitants or busi-
nesses within a particular community. In particular, flood 
events are expected to negatively impact more the elders 
and the poor. Hence, understanding who and why is vital 
for developing strategies for building resilience [57].

Social/cultural dimension indicates available social 
resources that a community can draw upon to maintain 
their livelihoods. It has been noted that sufficient social 
capital can improve solutions to collective action toward 
difficulties that arise due to flood and enhances coopera-
tion and trust [64]. Its main characteristics include strong 
social networks, as well-established trust and participa-
tory, inclusive processes, etc. [59, 64]. Social network shows 
the level of community cohesion and tie that facilitate the 
social cooperation and coordination of mutual benefit [14, 
49, 56]. Among others, by bridging between individuals 
and communities, it can facilitate the dissemination of 
proven good practices [38]. It enhances engagement and 
supports learning and adapting. On the other hand, place 
attachment has also important role because community 
that had experienced shocks differs from those which 
had not. Consequently, different communities could have 
different perspectives on, and priorities for, what makes 
them resilient. In addition, collective and individual knowl-
edge capacity and experience of management of previ-
ous events, vulnerability and understanding of risk are 
an important input in building resilience of community 
[38, 56]. Besides, community practice of coping with past 
events/crises or information on how it was done can be 
used in education and training. Moreover, collective prin-
ciples of collaboration and high levels of trust increase the 
commitment of local stakeholders to genuine partner-
ships. Open debate within a leadership and community 
members establishes agreements about problems, solu-
tions and priorities, etc.

Community competence reflects the reality that com-
munity resilience is both “bouncing back” and “bounce 
forward” through a rigorous and energetic effort which 
depends on the capability of a community to creatively 
envision a new future [49]. In essence, it captures the 
diverse community’s abilities, including ability to develop 
multilayered solutions to complex problems, ability to 
participate in meaningful political networks and deci-
sion making and the community’s perceptions to reflect 
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positive change [34]. Moreover, it demonstrates the ability 
of the community to collectively believe that they able to 
rebuild, restructure and revive.

Institutional and organizational dimension refers to those 
responsible to execute flood disaster-related functions to 
realize resilience. It indicates the effectiveness of relation-
ships among and within community organizations and 
entities. Effective planning and implementation requires 
committed, accountable and effective leadership charac-
terized by comprehensive governance, including the gov-
ernment, corporate and civil society and evidence-based 
decision making [26]. Strong leadership can improve com-
munity resilience through strengthening the connection 
between various elements of the system such as bonding 
social networks [38]. Robust management practices create 
improved knowledge of system components and enables 
infrastructure managers to better prepare to restore inter-
rupted services. Connectivity between various institutions 
enhances resilience [65]. Well-established (clear, agreed 
and stable) partnerships among local participant groups 
and institutions supports disaster risk reduction activities 
and emergency response [38, 60]. In addition, it increases 
trust and knowledge exchange among members, conse-
quently enhances participation toward planning for miti-
gation, preparation and recovery [66]. Legal frameworks 
for adaption and preparedness activities are essential to 
reduce the vulnerability of a community [58, 60]. Provision 
of regular training and scenario exercises for a commu-
nity with the inclusion of vulnerable groups enables the 
stakeholders to take appropriate action during risk reduc-
tion activities [26]. In addition, institutional learning better 
stored in the individual’s memory. Collaborative training 
also facilitates innovation and creates opportunity for 
feedback and supports iterative management [18].

Technical dimension reflects the level of preparation for 
flood hazard events by examining how different activi-
ties are planned, communicated and implemented. Early 
warning system capable of reaching the whole commu-
nity through formal information management and sharing 
system is regarded as an important contributor of disaster 
recovery and response system [60]. Timely access to rel-
evant and manageable information increases community 
involvement and effectiveness of humanitarian assistance 
and local self-help operations [2]. Moreover, the availabil-
ity of pre-prepared emergency plan enables to respond 
quickly in the event of flood [26]. It identifies and main-
tains emergency resources and infrastructure and commu-
nicating to the community. Contingency planning helps to 
ensure effective provision critical services (e.g., health ser-
vices). Well prepared resource management plan improves 
effectiveness of monitoring, upgrading and renewal activi-
ties of existing resources. Moreover, disaster recovery plan 
prepared through community involvement prior to hazard 

event accelerates recovery, increase community participa-
tion in the recovery process and reduces adverse social, 
economic and environmental impacts.

2.3.2.2 Measurement at  multiple spatial scales Resilience 
is a multi-scalar phenomenon (e.g., individual, household, 
community, city, region) which are often interlinked [14, 
25]. What happens at a particular scale is reliant on the 
level of resilience at both lower and higher scales in the 
systems [28, 30, 60, 67]. For instance, the resilience of a 
household can be influenced by resilience of a commu-
nity, which in turn, can be influenced by resilience of a 
city. In this case, required improvements to build resil-
ience of a particular scale can be associated with different 
scales of action and the relevant challenges associated 
with each. Understanding resilience at multiple levels 
helps planning the required interventions [35]. Hence, 
flood resilience assessment framework should enable to 
capture key sources of resilience at lower, focal and upper 
scales to improve understanding of hierarchical depend-
encies and interactions between the scales. In this study, 
taking the community as the central level of the analysis, 
individual and household levels are considered as a lower 
level whereas the higher level includes city and region.

2.3.2.3 Temporal aspects of  measurement Resilience is 
dynamic and expected to change during the shift of the 
system to diverse states [37, 38]. Hence, building com-
munity resilience requires both ex-post and ex-ante strat-
egies [25] as resilience of a particular time is inseparably 
linked to what precedes and succeeds. For instance, eval-
uating the community’s ability to recover from past flood 
disasters helps to assess how it will react to future flood 
[56]. On the other hand, the level of community resilience 
before and after a flood events provides an information 
on the degree to which interventions (e.g., projects/pro-
grams to build resilience of a community) have been 
successful and the extent of recovery. Moreover, analysis 
along temporal band can help to assess the occurrence of 
a resilience transition [67]. Hence, the extent of attention 
paid to assess resilience in the context of a temporal band 
(past, present and future situations) can indicate the tem-
poral aspects of the framework.

2.3.2.4 Addressing uncertainties The resilience of a 
community to future flood events is usually analyzed 
using an estimated risk of respective flood scenarios, 
which is the combined effect of inundation character-
istics (extent, depth and speed), exposed elements and 
their susceptibility to the hydrological characteristics 
[68]. However, flood prediction models, although they 
benefit from continuous improvements, remain partly 
inaccurate due to uncertainties populated along data 
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and data calculation processes [69]. Likewise, evalua-
tion of exposure and susceptibility of elements at risk 
are associated with a certain level of uncertainties. 
Hence, our ability to predict future changes in social 
and environmental systems could not be absolute, and 
residual risks are always there. This inherent uncertainty 
can influence adaption thresholds to set long-term resil-
ience goals. By making different scenarios and elaborat-
ing on alternate states, it is possible to improve under-
standing of the strengths and weaknesses that helps to 
be prepared for the most extreme conditions [38, 39]. 
Hence, planning for extreme scenarios is used as indi-
cator to evaluate whether efforts have been made to 
address uncertainties.

2.3.2.5 Characterization and  implementation The resil-
ience assessment framework can be developed and 
implemented to measure objective or subjective aspect 
of resilience or the combination of both [40]. Objective 
measurement modes are mainly those approaches based 
on expert-elicitation or the academic literature. It relies 
on external judgment, including the process of direct 
measurement. On the other hand, subjective approach 
considers the individuals’ understanding of their par-
ticular circumstances. It allows to consider the context 
specificity of resilience and enables to take community’s 
own knowledge of their resilience into account [70]. Par-
ticipation of prone community in the development and 
implementation has various benefits. For instance, during 
development process it ensures the selected criteria for 
assessment reflect the priorities of the target community 
and adds more context-specific elements [32, 38, 70]. On 
the other hand, during assessment process it provides a 
primary information [65]. However, using a combined 
approach can improve the accuracy of resilience assess-
ment [25, 32, 65] and local understanding of risk and resil-
ience, which is important for planning in integrated flood 
risk management. In this regard, level of community par-
ticipation in the development and implementation of the 
frameworks is used as an indicator of this criterion.

2.3.2.6 Relative contribution of  indicators The contribu-
tion of each of the resilience assessment criteria can be 
influenced by contextual factors (e.g., the conceptual-
ization of indicators may not be the same for different 
communities) and temporal factors [38, 48]. Hence, all 
resilience measurement indicators may have no equal 
importance in building community resilience. Indicators 
with more contribution to community resilience require 
emphasis in the computation of aggregated values. It can 
enhance effectiveness of planning. Hence, evaluating the 
extent to which the relative contribution of indicators has 
been considered in the frameworks is important.

2.3.2.7 Level of  application Flood resilience assessment 
frameworks can be used for different purposes, including 
diagnostic, planning and evaluative [30, 32, 40, 55]. Diag-
nostic purpose indicates the mainly situational analysis to 
determine the extent to which a system (household, com-
munity, city, etc.) is resilient to flood. In the case of plan-
ning, it is used for articulating the intended outcomes of 
the resilience approach, and understanding the suitabil-
ity of proposed project fits into the context of resilience 
building intervention. It also provides practical strategies 
on how to set in resilience goals into programs/projects 
addressing community flood resilience. On the other 
hand, evaluative purpose indicates the application of a 
given framework for assessing the extent to which resil-
ience building initiatives/projects/programs have been 
successful in achieving their objectives (i.e., impact assess-
ment), for instance, to evaluate enhancements in resil-
ience capacities (as a result of specific interventions) with 
significant improvements in development outcomes. With 
this respect, applicability of a particular resilience assess-
ment framework at all levels improves consistency of the 
result of resilience measurement. Hence, the functions for 
which the selected frameworks have been designed were 
assessed across the frameworks.

3  Results

The level of comprehensiveness and multi-dimensionality 
of the selected tools are assessed through studying their 
proposal on resilience dimensions. Each framework was 
examined with respect to defined community flood resil-
ience dimensions. One challenge was that for some of the 
frameworks [13, 28, 56] only sample indicators were pro-
vided. Hence, components of resilience dimensions (sub-
dimensions) were used to assess usability of indicators. In 
this case, a particular component of resilience dimensions 
is considered, addressed, if at least one indicator is identi-
fied in the framework that can be categorized under the 
respective sub-dimensions. The number of complied com-
ponents under each dimension was used in determination 
of level of comprehensiveness.

Table 3 shows flood resilience indicators used in each 
of the selected CFRA frameworks. Overall, the results illus-
trate that indicators related to all of the 36 components of 
community flood resilience dimensions have been utilized 
by multiple tools, albeit the total number of tools com-
plied to each component is widely varied, ranging from 
2 to 17.

In particular, it is clear that indicators associated 
with components such as economic structure, facilities, 
infrastructures, demographic composition, social net-
works, regulations/enforcements are reasonably well 
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incorporated in majority of selected frameworks. Each of 
these components has received attention of at least 15 
tools (nearly 90% of the analyzed tools). By contrast, it can 
also be seen that some of the components have received 
less attention. Specifically, indicators to assess the level 
of economic dynamism, social memory and place attach-
ment, collective action and decision making, critical reflec-
tion and problem solving skills and flexibility and creativity 
of a community are largely overlooked by more than 25% 
of the analyzed tools.

Relatedly, Table 4 shows the percentage response of 
the selected CFRA tools against each of community flood 
resilience dimensions. The values are computed using the 
ratio of the number of components that have been used 
by each tool to the total number of sub-dimensions under 
respective dimensions. Rows and columns show the ana-
lyzed tools and community flood resilience dimensions, 
respectively. In addition, the proportion of the analyzed 
tools against the level of multi-dimensionality as well as 
each of the resilience dimensions is depicted in Fig. 1.

Overall, the selected tools have complied to more than 
one-half of the total community flood resilience dimen-
sions indicating there has been recognition of multiple 
community flood resilience dimensions. In particular, nine 
tools (about 53% of the analyzed tools) have considered 
all of the eight resilience dimensions (Fig. 1a) regardless of 
the disparity in percentage response, while the least num-
ber of dimensions is identified in one tool (CDRF) which 
includes four dimensions: physical, financial, human and 
institutional. However, it is also evident that three tools 
(about 18% of the analyzed tools) have paid insignificant 
attention to at least one-third of the dimensions. These 
frameworks enable to conduct narrow measurements. 
This is commonly the case for frameworks designed by 
organizations or individuals with a particular interest in 
measuring a certain features of resilience. Further, detailed 
analysis reveals out of seventeen selected tools, only a pair 
of frameworks, CRMF and ADRI, have included all com-
munity flood resilience dimensions with the score of 50% 
and above, meaning they have addressed at least one-half 
of components of respective dimensions. This suggests 
that both tools could provide balanced detail of assess-
ment across all dimensions as compared to the rests of 
the frameworks that have scored less than 50% in two or 
more dimensions.

Comparing between dimensions, it is clear from Fig. 1b 
that three dimensions: physical, financial and institutional 
have been addressed in all of the analyzed frameworks. It 
can be seen that efforts have also made to address tech-
nical and environmental dimensions in equal proportion 
of the selected tools (76%). On the other hand, commu-
nity competence dimension has received less attention; 
specifically, it has been addressed in 11 tools (65% of the Ta
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selected tools) out of which, eight tools responded with 
score less than 50% (Table 4).

On the other hand, information summarized in Table 5 
shows the state of comply by the selected frameworks 
to the analysis criteria (except inclusiveness). The results 
demonstrate that only three tools (smaller than 20% of 
the analyzed tools) have addressed spatial scales selected 
for this study. By contrast, about one-half of the analyzed 
frameworks have been developed to measure resilience of 
a single spatial scale. Essentially, less attention has been 
paid to measure community flood resilience at a lower 

level (i.e., household or individual). From this, it can be 
seen that more efforts are required to further improve 
understanding of spatial interdependency of community 
flood resilience.

Measurements of community flood resilience in a tem-
poral band (past, present, future) are marked particularly 
in about a quarter of the analyzed tools: PEOPLES, CCRI, FRI 
and ResilSIM. It is also evident that some proportion of the 
tools partially addressed this criterion by complying with 
two of the three conditions. More importantly, attempts 
to measure future flood resilience are found to be lesser. 

Table 4  Level of comply by the analyzed CFRA frameworks to different flood resilience dimensions (%)

Frameworks Main dimensions

Environmental Financial Physical Human Social capital Community 
competence

Institutional Technical Total response

CCR 100 67 80 75 40 40 83 67 8
CARRI 100 100 80 100 40 40 33 83 8
CDRF – 67 80 50 – – 33 – 4
PEOPLES 50 100 40 75 80 80 100 – 7
CCRI 100 33 80 – 80 – 67 50 6
BDRI – 67 40 75 60 – 50 – 5
FRI 50 67 40 25 40 40 33 50 8
CDRS – 33 40 50 60 20 50 50 7
RCS 100 33 80 75 40 40 33 33 8
CRMF 100 67 100 50 100 60 100 83 8
CRF 100 100 100 50 80 20 100 67 8
FCR 100 67 60 50 60 40 100 67 8
ADRI 50 67 60 100 60 60 67 50 8
ResilSIM – 33 100 100 – – 33 33 5
CRMT 100 67 80 75 80 – 100 100 7
CDRI 100 67 80 50 40 – 33 – 6
MFRC 100 100 100 75 40 20 83 100 8
Total 13 17 17 16 15 11 17 13

(a) (b)
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Fig. 1  Proportion of the analyzed community flood resilience assessment tools with respect to a multi-dimensionality, b comprehensive-
ness
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By contrast, more than one-half of the analyzed frame-
works have been developed mainly to measure resilience 
of single time condition either present or past condition. 
However, assessment of only single time cannot reflect 
evolving characteristics of resilience.

The table also illustrates the extent to which attempts 
have been made in addressing the issue of uncertainties 
in flood resilience measurement. With this respect, only 
two tools (CCRI and MRFC) have made effort to address 
uncertainties through scenario making and planning for 
the most extreme events. While it is a critical issue in flood 
risk management, it has received little attention in the sig-
nificant proportion of the analyzed tools (about 88%).

Analysis in regard to the characterization and imple-
mentation of resilience indicators in each of the selected 
frameworks indicates that all the analyzed frameworks 
are developed through literature review and expert input. 
This reveals that attention paid to adopt a participatory 
approach, particularly, involvement of community, in the 
development of the selected tools appears insignificant, 
yet few frameworks have been implemented through 
community participation.

Further, the results indicate that in the majority of the 
frameworks, all indicators are considered equally impor-
tant toward explaining the level of community resilience 
to flood. However, it can also be seen from Table 5 that 
weighting approach has been used by nearly one-third 

of the developers to address the relative contribution of 
indicators. In these frameworks, weight is assigned based 
on experts’ view, through analytical hierarchical process 
(AHP). However, such approach is unlikely free from a cer-
tain level of subjectivity.

Finally, by assessing the functions to which the frame-
works have been designed, it is identified that the selected 
frameworks can be used for one or more purposes (diag-
nostic, planning and evaluation). Application of a com-
munity flood resilience tool in all the identified functions 
have been demonstrated in three tools: CRF, FCR, CRMT. 
However, in the rest of the selected frameworks diagnostic 
purpose is found to be a common function for which the 
tools are developed.

4  Discussion

In response to inadequacy of the flood control infrastruc-
tures under uncertainties, building community resilience 
has become a concern of modern flood risk management. 
Relatedly, there has been growing recognition of the 
importance of community flood resilience measurement. 
The idea of resilience measurement is relatively a new and 
developing area of research and practice [24, 29]. In the 
past few decades, several tools to measure resilience have 
been introduced based on a unique understanding of the 

Table 5  The state of comply by the analyzed CFRA tools to evaluation criteria (except multi-dimensionality)

√: indicates the criteria is addressed; x: not addressed or no enough information is provided; Oc-Se: objective characterization and subjec-
tive evaluation; Oc-Oe: objective characterization and objective evaluation

Tools Spatial scale Temporal scale Uncer-
tainties

Characterization 
and evaluation

Weighting Level of application

Lower Focal Higher Past Present Future Oc-Se Oc-Oe

CCR x √ x x √ x x x √ x Diagnostic
CARRI x √ √ x √ x x x √ x Diagnostic
CDRF x x √ √ x x x x √ √ Diagnostic
PEOPLES √ √ √ √ √ √ x √ √ √ Diagnostic
CCRI x √ x √ √ √ √ √ x x Diagnostic
BDRI x x √ x √ – x x √ x Diagnostic
FRI √ √ √ √ √ √ x √ √ √ Diagnostic
CDRS √ √ x x √ √ x x √ x Diagnostic
RCS x √ x x √ x x x √ x Diagnostic
CRMF √ √ √ x √ x x x √ √ Diagnostic
CRF x √ √ √ √ x x √ x x Diagnostic, evaluative, planning
FCR x √ x x √ x x x √ x Diagnostic, evaluative, planning
ADRI x x √ √ x x x x √ x Diagnostic
ResilSIM x √ x √ √ √ x x √ x Diagnostic
CRMT x √ √ √ √ x x √ x √ Diagnostic, evaluative, planning
CDRI x x √ √ x x x x √ √ Diagnostic
MFRC x √ x x √ √ √ x √ x Diagnostic



Vol.:(0123456789)

SN Applied Sciences (2019) 1:1663 | https://doi.org/10.1007/s42452-019-1731-6 Review Paper

concept of resilience in the sectors they proposed from. 
Among others, resilience measurement helps to identify 
existing gaps, to choose options for building resilience, 
to monitor progress and to evaluate the success of inter-
ventions (e.g., policies, projects, programs) against their 
intended objectives [25–32]. However, overall yield from 
resilience building actions can be compromised if the 
measurements do not conform to theoretical basis.

This study was conducted mainly to provide an insight 
into the extent to which the multifaceted nature of resil-
ience has been addressed in the existing CFRA tools 
and to pinpoint improvements needed to enhance their 
effectiveness and operationalization of the concept. With 
this respect, seventeen CFRA frameworks were selected. 
By taking multifaceted nature of resilience into account, 
seven evaluation criteria were defined through which the 
selected CFRA tools are analyzed.

Findings show that some of the evaluation criteria 
have not been fittingly addressed by the analyzed CFRA 
tools. First, a large proportion of indicator related to com-
munity competence dimension has been unnoticed by a 
significant proportion of the analyzed tools. It has been 
argued that from a disaster risk management perspec-
tive, comprehensive set of indicators can help to capture 
greater detail effectively [32]. In addition, comprehensive 
resilience measurement allows to direct efforts not only 
toward improving the weakness, but also toward promo-
tion of existing strength. Moreover, in a complex system, 
decisions about what establishes resilience are challeng-
ing [2, 36]. In addition to weighting individual indicators 
within respective flood resilience dimensions, comprehen-
sive measurement using all dimensions can be used as a 
means to reduce an unavoidable subjectivity related to 
the decisions about which dimensions must be included.

It is also found that the issue of uncertainties is not 
addressed well by selected tools. Uncertainties are critical 
feature in community resilience under likely most extreme 
floods emerging from climate change and urbanization. 
Hence, assessing community flood resilience under such 
conditions is necessary for effective planning of resilience 
building actions. Flood modeling techniques through 
combinations of different flood return periods and lower 
and upper bound climate change scenarios can be used to 
generate flood inundation maps, which in turn can help to 
assess resilience at most extreme conditions.

The limited participation of community in the develop-
ment of the analyzed tools is another important finding 
of this study. Assessing social aspects of resilience cannot 
be fully acquired through only objective approach, which 
is usually related to externally defined resilience charac-
teristics [40] since resilience is not the same for all. In this 
regard, perceptions, judgments and preferences of com-
munities being assessed have significant importance for 

improving reliability and acceptability assessment results; 
at the same time, it supports the implementation of action 
plans. Collaborative approach can also allow to ensure the 
contextual significance of the overall aim and the specific 
intervention strategies. Hence, efforts to promote these 
benefits should boost community involvement in flood 
resilience assessment.

In some of the analyzed frameworks, weighting tech-
niques is used to consider the relative importance of indi-
cators. Weighting the resilience indicators is important to 
emphasis indicators with greater contribution to resilience 
that can improve effectiveness of planning for resilience 
building. However, it should be noted that weight has a 
potential to influence sensitivity of an index that obtained 
by aggregating scores of weighted indicators [71], and its 
assignment requires a well-established method. Hence, 
in order to maintain benefits and establish consistency 
between assessment approaches, development of theo-
retically anchored, practically valid and applicable weight-
ing approach demands further attention.

In general, the study reveals that the selected CFRA 
tools reflect certain limitations to address some of the 
analysis criteria. Meaning, application of the frameworks 
in isolated manner can only provide a portion of multifac-
eted nature of resilience; at the same time, it highlights 
inconsistency of community flood resilience measure-
ments. The result of this study is pertaining to the ana-
lyzed tools against identified evaluation criteria and could 
be used as a baseline study for flood resilience measure-
ment tools in general. Still, it cannot be interpreted as the 
frameworks are inadequate to measure resilience of a 
community, since they are designed and verified depend-
ing on their own purposes. In addition, it should be noted 
that the study has made no attempt to score or rank the 
frameworks.

With respect to the growing concern of establishing 
consistency in community flood resilience measurement 
and improved understanding and operationalization of 
the resilience concept in flood risk management in par-
ticular, and in resilience field in general, this study provides 
significant contributions. First, the findings can be used 
in updating or revising the analyzed frameworks toward 
addressing multifaceted nature of resilience. In addition, 
the identified analysis criteria highlight main features need 
to be addressed in the community flood resilience meas-
urement that can support future attempts to develop and 
implement new CFRA tools. Consequently, it can support 
the efforts being made to establish a consistent basis for 
robust community flood resilience measurement.

Second, the synthesized information (i.e., tabular sum-
maries) related to the main features of the analyzed CFRA 
frameworks in this study can help actors (e.g., planners, 
researchers, development partners, authorities at both 
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local and national levels) in the selection and integration 
of assessment tools under different settings. The purposes 
of resilience measurement frameworks can be ductile. For 
example, those frameworks primarily designed for diag-
nostic purpose could be used for evaluative purposes, 
as they can be applied initially for baseline assessment. 
Hence, most of the frameworks analyzed in this study can 
be applied for assessing progress in resilience in the set-
ting of resilience building programs/projects. However, 
attention has to be paid to constraints that could arise 
from the primary focus of the frameworks, since any given 
framework is usually better suited to a particular purpose. 
On the other hand, it should be noted that comprehensive 
measurement is not necessarily better or more useful, as it 
could result in increased complexity and demands more 
resources. Hence, in order to make appropriate choice 
between the frameworks or to integrate features of differ-
ent frameworks, it is essential to think about the contexts 
to which the resilience being assessed and built.

Third, the diverse understanding and application of the 
resilience concept in various disciplines has been noted as 
a positive indicator of improved insight and operationali-
zation of the concept of resilience [28]. With this regard, 
this study provides a scientific evidence on how resilience 
measurement is being operationalized in the context 
of community flood resilience, thereby contributing to 
understanding how resilience is being learnt from differ-
ent disciplines.

Finally, on top of satisfying the objective of the study, 
evaluation methodology defined and applied here could 
have broader applications. For instance, the multi-dimen-
sion of community flood resilience defined in this study 
highlights the capacities that are needed for resilience 
building, thus can serve as a base for practical activities 
aim at improving community resilience to flood. Moreover, 
an approach used in this study is easily replicable, and it 
could be used in further studies with or without the addi-
tion of criteria specific to a different field of study.

5  Conclusions

By identifying evaluation methodology which takes the 
multifaceted nature of resilience into account, this study 
analyzed existing community flood resilience measure-
ment tools. The results reveal that multifaceted nature 
of resilience appears inadequately addressed in existing 
CFRA frameworks and measurements of community flood 
resilience tends to be inconsistent.

With respect to the increasing concern of establishing 
consistent and robust ways of community flood resilience 
measurement as well as improved understanding and 
operationalization of the resilience concept in flood risk 

management, considerable improvements are needed. 
In essence, efforts to assess community competence 
can increase multi-dimensionalities of the frameworks. 
Improved understanding of the importance of detailed 
information to obtain a broad picture of resilience could 
promote the application of comprehensive indicators set 
in resilience assessment process. Improvements could also 
come from adopting participatory approach and acknowl-
edging the importance of flood resilience measurement 
under uncertainties. Moreover, it is necessary to under-
stand the limits that arise from resilience measurement at 
only a single spatial scale and taking snapshot measure-
ments in time.

Ideally, in order to provide a full picture of community 
flood resilience and capitalize the benefits from resilience 
concept, it is essential to consider all of the criteria in 
development and implementation of assessment frame-
work. However, this may not be always possible due to 
certain limitations (e.g., financial, institutional). Hence, 
attempts to build community resilience at certain stages in 
flood risk management cycle may require prioritizing the 
criteria based on their relative contribution to the required 
purpose.

The findings of this study can be used in updating 
or revising the analyzed tools and provide a guidance 
for development and implementation of new tools. In 
addition, it supports stakeholders aim to build commu-
nity flood resilience to choose, arrange and integrate 
the frameworks under different settings. Above all, it 
provides insight how the concept of resilience measure-
ment is being operationalized in the context of commu-
nity flood resilience. The criteria applied in the analysis of 
CFRA frameworks in this study were extracted from the 
literature. Nevertheless, feedback from practical applica-
tion of the frameworks can offer complementary insight 
on the operationalization of the concept of resilience in 
flood risk management. It is also recommended that stud-
ies are required to develop theoretically as well as a prac-
tically justified weighting approach that can allow con-
sistent delineation of relative importance of the resilience 
indicators.
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