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ABSTRACT 

Resilience is understood as the ability of a system, community 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. So 
far, dozens of measurement instruments have been developed to measure community resilience to disasters, 
considering each one different types of hazards (general, natural, climate, man-made, etc.) and communities 
(general, urban, rural, etc.). However, none of these instruments has been widely adopted yet. In this context, we 
discuss important gaps for resilience research and practice. Then, we propose a conceptual framework to review 
community resilience instruments, so to enhance their improvement through two facets (or dimensions) we 
propose of customization and integration. This framework is characterized by the following properties for 
community resilience instruments: encapsulation, intelligibility, geographical focus, hazard range focus, 
connectivity, adaptability to dynamic conditions, datification, and stakeholders’ involvement. We look forward to 
apply this framework to review a purposive sample of community resilience instruments regarding natural 
disasters. 
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INTRODUCTION 

A disaster is a serious disruption of the functioning of a community or a society at any scale due to hazardous 
events interacting with conditions of exposure, vulnerability and capacity, leading to one or more of the following: 
human, material, economic and environmental losses and impacts (UNISDR, 2017). Disasters have a significant 
and increasing impact in Europe and all over the world, producing every year vast number of damaging events 
and resulting in adverse impacts on affected people, as well as in economic, material and environmental losses 
(European Commission Humanitarian Aid, 2018). Therefore, recently, Disaster Risk Reduction (DRR) has gained 
a special importance in the European and global agenda. Specifically, natural disasters (that is, triggered by natural 
hazards) are a major concern in recent times because of the combined perceptions of likelihood and expected 
impact (World Economic Forum, 2018). 

The United Nations (UN) DRR Agenda is closely linked to UN 2030 Agenda for Sustainable Development, 
especially through the concept of resilience of communities and territories. According to UN terminology, 
resilience is understood as the ability of a system, community 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. So, 
enhancing resilience to natural hazards is important for sustainable development. 

In this context, the UN Sendai Framework for DRR 2015-2030 was adopted by UN member states at the UN 
World Conference on DRR (United Nations, 2015). Related to this work, three key points from this framework 
are to be emphasized: 1) The importance of ex-ante disaster planning and resilience building oriented approaches 
versus reactive crisis response oriented approaches; 2) The emergence of the so called “whole-of-society” 
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approach to risk management: a networked, participatory, inclusive and collaborative approach, open to the 
involvement of all kind of stakeholders (including small and medium-sized enterprises (SMEs), civil society, 
NGOs, households and citizens, etc.). This represents a promising alternative versus more traditional top-down 
and centralized approaches, which mostly focus on public authorities and emergency professionals in charge of 
disaster response; 3) As a direct consequence of the two above-mentioned points, there is also a need of a data-
driven approach, in order  to integrate in DRR practices of planning and decision-making the diverse types of data 
(including small data, thick data, and big data) from a wide range of sources, including reuse of data not originally 
intended for DRR purposes, so as to empower this preventive and “whole-of-society” approach. 

During the last years, dozens of measurement instruments have been developed to measure community resilience 
to disasters, as reviewed recently by Saja et al. (2019), Cai et al. (2018a), Asadzadeh et al. (2017), Peng et al. 
(2017), Zamboni (2017), Beccari (2016), Cutter (2016), and Sharifi (2016). They have been designed each one to 
deal with different types of hazards (general, natural, climate, man-made, etc.), and in the context of different 
types of communities’ geographical situation (general, urban, rural, coastal, etc.). None of these instruments has 
been widely adopted so far, and there are important gaps for resilience research and practice. 

In this paper, we aim to propose and illustrate a conceptual framework to review community resilience instruments, 
as tools for implementation of a UN Sendai Framework type approach.  

In section 2 we brief the state of the art through reviews conducted since 2016. In section 3, we propose our 
framework to analyze community resilience instruments (CRI) for measurement regarding the implementation of 
the UN Sendai Framework approach, based on seven properties (encapsulation, intelligibility, geographical focus, 
hazard range focus, connectivity, adaptability to dynamic conditions, datification, and stakeholders’ involvement), 
which may be related with two dimensions: customization and integration. In section 4 we propose a checklist for 
the application of this framework to CRI instruments. And finally, in section 5 we gather conclusions regarding 
further research and development about these instruments. 

OVERVIEW OF COMMUNITY RESILIENCE INSTRUMENTS FOR MEASUREMENT 

Available CRI may be classified into four main types (Cutter, 2016): 1) Indices summarize observations or 
measurements by aggregating multiple indicators (that is, quantifiable variables which represent selected 
characteristics of resilience) into a single value; 2) Scorecards provide an evaluation of performance or progress 
toward a goal, normally based on qualitative assessments and then converted to scores; 3) Models create simplified 
representation of processes using mathematical formulas and/or matrices in order to approximate and understand 
relationships and interactions in the real world; 4) Toolkits provide guidance with sample procedures and survey 
instruments, or data to use in compilation of indices and scorecards, often provide a ready-made instrument.  

Reviews conducted about CRI are summarized in Table 1. In our own account based on the comparison of these 
reviews and considering redundancies between them, no less than 100 instruments have been developed since 
2010, most of them indices, followed by scorecards and, more rarely, models. Toolkits are usually created to 
accompany and illustrate methodologies of indices or scorecards. Most of these instruments (near 90% of them) 
deal in some way with disasters triggered by natural hazards; either because they deal with disasters triggered by 
all type of hazards (so including natural), with disasters triggered by natural hazards of any kind, or with disasters 
related with more specific types of natural hazards (such as climate events, geological events, etc.). 

Table 1.  Reviews about CRI in chronological order 

Authors (year) Period and scope Number of instruments 
reviewed 

Saja et al. (2019) 2005-2016, all type of instruments 31 

Cai et al. (2018) 2005-2017, all type of instruments 79 

Asadzadeh et al. (2017) 2006-2016, indices and toolkits 17  

Zamboni (2017)  2005-2015, quantitative methods 
(mostly indices) 18 

Peng et al. (2017) 2005-2015, theory and case studies - 

Sharifi (2016)  2000-2015, all type of instruments 36 

Beccari (2016)  1990-2015, indices 106 

Cutter (2016) 2009-2015, all type of instruments 27 
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According to them and our own point of view, the main gaps and challenges are the following:  

x Gap between technical developments and practice. Very few of the developed instruments have been 
applied in real-world practice, and most of them in very specific contexts and often as pilot-test, 
according to Cai et al. (2018) and Peng et al. (2017).  

x There is a need to combine top-down with bottom-up approaches, taking into account the decision-
making context and purposes (Cutter, 2016; Sharifi, 2016). 

x Community participation and multi-stakeholder engagement have the potential to capture dynamic 
nature of social resilience, as affirmed by Saja et al. (2019) and Asadzadeh et al. (2017). Despite being 
a main Sendai Framework idea, this has not been systematized. 

x Adaptation of existing frameworks to different geographical and cultural contexts and different scales 
of communities (such as county, municipality, neighborhood), as pointed by Beccari (2016) and Saja 
et al. (2018), has been rarely conducted. Most instruments seem to be developed from scratch. 

x Combine qualitative and quantitative data and methods, which could enrich decision-making 
processes (Peng et al., 2017). However, most of the existing instruments are based either on qualitative 
data or on quantitative data. 

x There is a need to extend the resilience measurement from static measurement to system dynamic 
modelling (Cai et al., 2018; Lam et al., 2018; Li and Lam, 2018). 

x Improve data quality and availability, so to improve the utility and usability of resilience metrics, 
according to Cai et al. (2018) and Zamboni (2017). 

x Increase the use of existing internal and external validation methods to show that the instruments and 
the conclusions obtained are well-founded and likely correspond accurately to the real world (Beccari, 
2016).   

x Need of inferential methods; few instruments have applied these methods (European Commission 
Humanitarian Aid, 2018). Developing inferential models will not only enable the comparison of 
resilience at different locations but also provide the ability to predict future resilience when some 
conditions change (Cai et al., 2018; Zobel, 2010). 

x As we have noted, most instruments tacitly or explicitly assume that communities are closed systems, 
which is rather unrealistic.   

CONCEPTUAL FRAMEWORK PROPOSAL ABOUT CRI’S CUSTOMIZATION AND INTEGRATION 

Based on the state of the art as briefed in the previous section, there are two main facets or dimensions to consider 
regarding CRI’s improvement: 1) Integration, understood in a wide sense as the incorporation of a wide range of 
elements: specially, combination of various kinds of data and engagement of a wide range of stakeholders in 
planning and decision-making; 2) Customization in the sense of appliability to different context and needs 
(geographical, types of hazard, etc.), and also taking into account human limitations and biases to process 
information for decision-making purposes (Simon, 1982).  

In our view, taking into account these two facets or dimensions contributes to enhance and effective 
implementation and adaption of Sendai Framework type approaches to resilience, through a better sharing and 
combination of human, data and knowledge assets, in different contexts. We could think also that the improvement 
of CRIs requires some kind of compromise or balance between these two facets: integration of a growing range 
of data and stakeholders so to have a more enriched and realistic planning and decision-making process, and 
customization so to adapt to specific contexts and needs and avoid human information overload in planning and 
decision-making processes. We also recognize this oriented to optimize CRIs from a certain point of view, 
supposedly instruments comply properties such as validation, and those related with measurement theory such as 
meaningfulness, legitimacy, and usability (Cartwright and Bradburn, 2011). 

In the following, we briefly propose and explain a few relevant properties related to integration and customization. 
Each one of these properties is not binary but rather part of a continuum. We present first those linked with 
customization by alphabetical order, and second those linked with integration by alphabetical order: 

Geographical focalization. To what degree the instrument enhances, with no major or significant changes, its 
application on an either wider or narrower geographical area, understood this area as the day-to-day geographical 
environment for a community. That is, for instance, does the instrument, applied to a city resilience measurement, 
easily enhance resilience measurement for a district part of this city, or for the metropolitan area where this city 

383



Cobarsí et al Community Resilience Instruments: Customization and Integration  
 

WiP Paper – Data and Resilience: Opportunities and Challenges 
Proceedings of the 17th ISCRAM Conference – Blacksburg, VA, USA May 2020 

Amanda Lee Hughes, Fiona McNeill and Christopher Zobel, eds. 

is a part? This could be related with mathematical properties of fractality, a concept reviewed related to spatial 
phenomena by McLennan et al. (1991). 

Hazard range focus. To what degree the instrument enhances, with no major or significant changes, application 
on a wider or narrower range of hazards. That is, for instance, does the instrument, applied to natural hazards, 
easily enhances resilience measurement for (more specific) climate hazards? Or, does the instrument, applied to 
floods, easily enhances resilience measurement for (more general) climate hazards?  

Intelligibility. Concerning the knowledge made available for users and other stakeholders by the instrument, to 
what degree it may be likely understood by them with no information overload. This concept embraces aspects 
such labeling and visualization, studied by information architecture (Morville and Rosenfeld, 2008).  

Adaptability to dynamic conditions. To what degree the instrument is valid when conditions change. Does it just 
require monitoring more frequently the same set of variables and indicators, or does it also require modifying the 
set of variables and indicators?  This is related to inferential methodology (Barclay, 2008) and system dynamics 
modeling. 

Connectivity. Concerning the community as a system, to what degree does the instrument consider the community 
as an open system interacting through its boundaries with its external environment. On the opposite, a community 
could be considered as a closed system, where interactions through its boundaries are not significant enough so 
to be taken into account. This concept is related to open system theory (Scott, 2002).  

Datification. To which types of data the instrument deals with. That is, does it combine small data, thick data, big 
data and open data? A wide range of data types enriches the potential knowledge which may be extracted from 
instruments (Kitchin and Lauriault, 2015; Wang, 2016; Radianti et al, 2019). 

Encapsulation. Concerning the knowledge embedded in the instrument, to what degree is it encapsulated and thus 
invisible (that is, ‘black box’ type) for users and other stakeholders? Or is it visible and intelligible (so to speak, 
‘transparent’)? For instance, you could think of a CRI software available for users where criteria and algorithm 
for measurement are absolutely hidden to actual or potential users, and only outputs for final users are shown, as 
an example of highly encapsulated knowledge. On the opposite, you could think of an index based on indicators, 
where these indicators and the criteria for aggregation are quite clear for the user, as an example of transparency. 
This concept is based on typification of knowledge by Van den Berg (2013). 

Stakeholders’ Involvement. Range of stakeholders engaged with instrument’s use and/or design. We may consider 
two type of stakeholders to be involved: traditional stakeholders (such as emergency management professionals 
and public authorities) and non-traditional stakeholders (such as non-governmental organizations, companies, 
households). This typification of traditional and non-traditional stakeholders is found in Cerqua and Rapicetta 
(2014).    

We include Table 2 as a synthesis of these properties. 

Table 2. Proposal of relevant properties for CRI instruments 

Property Mostly related with Other concepts related 
Geographical focus Customization Fractality (McLennan et al., 1991) 

Hazard range Customization  

Intelligibility Customization Information architecture (Morville 
and Rosenfeld, 2008)  

Adaptability to dynamic 
conditions Integration 

Inferential methods (Barclay, 2008) 
and system dynamics modeling 
(Radianti et al., 2018) 

Connectivity Integration Open systems (Scott, 2002) 

Datification Integration 
Small data, thick data, big data, open 
data (Kitchin and Lauriault, 2015; 
Wang, 2016; Radianti et al., 2019) 

Encapsulation Integration Encapsulated knowledge (Van den 
Berg, 2013) 

Stakeholders’ involvement Integration 

Traditional stakeholders, non-
traditional stakeholders, 
participation (Cerqua and Rapicetta, 
2014)  
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CHECKLIST FOR POTENTIAL APPLICATION 

Then we could think of a tentative checklist related to these properties as in Table 3. It may be used over the 
instrument as actually is, or to evaluate the potential of the instrument so to be adapted in order to comply with 
one or several properties of the framework proposed. 

Table 3.  Checklist related to the properties presented in Table 2 

Properties 
GEOGRAPHICAL FOCALIZATION 

x It doesn’t allow the application on narrower or broader geographical based communities by an 
aggregation or disaggregation procedure, or major changes are needed for it. 

x It allows the application on narrower or broader geographical based communities by an aggregation 
or disaggregation procedure, through significant changes. 

x It allows the application on narrower or broader geographical based community by an aggregation 
or disaggregation procedure, through no changes or minor changes. 
 

HAZARD RANGE FOCUS 

x It doesn’t allow the application on a wider or narrower range of hazards, or major changes are 
needed. 

x It allows the application on a wider or narrower range of hazards, through significant changes. 
x It allows the automatic application on a wider or narrower range of hazards, through no changes or 

minor changes. 
 

INTELLIGIBILITY 

x It doesn’t comply with minimum labeling and visualization requirements such as visual presentation 
based on a maximum of about 7 items, coherence of labeling system, and understandable 
terminology (according to Rosenfeld & Morville 2008). 

x It partially complies with labeling and visualization requirements such as visual presentation based 
on a maximum of about 7 items, coherence of labeling system, and understandable terminology. 

x It perfectly complies with labeling and visualization requirements such as visual presentation based 
on a maximum of about 7 items, coherence of labeling system, and understandable terminology. 
 

ADAPTABILITY TO DYNAMIC CONDITIONS 

x It may be adaptable in case of changes in the conditions of the system or disaster events, through 
major changes in the set of variables. 

x It may be adaptable in case of changes in the conditions of the system or disaster events, through 
minor changes in the set of variables. 

x It may be adaptable in case of changes in the conditions of the system or disaster events, with no 
changes in the set of variables. 
 

CONNECTIVITY 

x It doesn’t consider the influence conditions in the environment outside the geographical area of 
application. 

x It considers the influence of static conditions in the environment outside the geographical area of 
application. 

x It considers the influence of dynamic conditions in the environment outside the geographical area 
of application. 
 

DATIFICATION 

x It considers one out of three types of data and excludes open data: small data, thick data, big data. 
x It considers two out of three types of data and includes open data: small data, thick data, big data. 
x It considers all three types of data and includes open data: small data, thick data, big data. 

 
ENCAPSULATION 

x Knowledge encapsulated (fully ‘black box’ type). 
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x Knowledge partially transparent (for instance, being conceptual criteria of the instrument 
implemented into a software, software is not open code or mathematical operasionalization is not 
easily understood). 

x Knowledge fully transparent (conceptual criteria and mathematical operasionalizationare easily 
understood, and software is open source). 
 

STAKEHOLDERS’ INVOLVEMENT  

x Non.traditional stakeholders not involved in co-design nor use (just traditional stakeholders 
involved) 

x Involvement of non-traditional stakeholders into co-design but not into use of the instrument (just 
used by traditional stakeholders). 

x Involvement of non-traditional stakeholders into co-design and use of the instrument (as well as 
traditional stakeholders). 

 

NEXT STEPS FOR OUR WORK IN PROGRESS 

Our next step for this work in progress, considering previous sections, will be: 

x Elaboration of a list of CRIs regarding resilience to natural disasters, considering mostly reviews 
compiled in Table 1, completed with searches in ISI Web of Science, Scopus and Google Scholar.  

x Ranking of impact of the CRIs in the list, which will be measured based on bibliographical citation in 
ISI Web of Science, Scopus and Google Scholar, weighted with time (as newer papers have less chance 
to be cited than older ones). 

x Then, we will exclude papers which can’t be implement or without a proper validation. In addition, other 
classical criteria from measurement theory (Cartwright and Bradburn, 2011) such as meaningfulness, 
legitimacy, and usability of measures, will be considered as mandatory to be included in the selection of 
the sample. 

x Finally, a purposive sample of the CRIs with most impact will be selected (8 to 12 CRIs). Main criteria 
for the selection of the sample will be: diversity of instruments (indices, scorecards, models and 
instruments) and geographical/cultural diversity of the environments where these instruments have been 
mostly developed and applied.  

x Selected instruments will be analysed, considering the conceptual framework and the checklist described 
in previous sections. From this analysis we expect two main outputs: 

o A SWOT (Strengths, Weaknesses, Opportunities and Challenges) Analysis for each one of the 
CRI analysed, regarding its present state and potential of improvement. 

o A compilation of elements for the improvement of our conceptual framework and checklist. 

 

CONCLUSIONS 

Dozens of measurement instruments have been developed during the last few decades to measure community 
resilience to disasters. First, this paper has identified and discussed gaps for resilience research and practice. The 
most important ones are: the gap between science and practice; combine top-down with bottom-up approaches; 
community participation and multi-stakeholder engagement to capture dynamic nature of social resilience; 
adaptation of existing frameworks to different geographical and cultural contexts and different scales of 
communities; combine qualitative and quantitative data and methods; need to extend the resilience measurement 
from static measurement to system dynamic modeling; improving data quality and availability; use of existing 
internal and external validation methods; and need of inferential methods. Few of the CRIs have applied these 
methods. Moreover, this paper has proposed a conceptual framework to review community resilience instruments, 
which aims to enhance them through integration (understood in a wide sense: integration of various kinds of data, 
engagement of stakeholders in planning and decision-making) and customization to different context and needs 
(geographical, types of hazard, etc.). In particular, a few properties that conceptualize and illustrate customization 
are: geographical focus, hazard range, and intelligibility. Other properties for integration are: adaptability to 
dynamic conditions, connectivity, datification, encapsulation and stakeholders’ involvement.  

Several lines of future work stem from this work, so to contribute to improvement of community resilience 
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instruments in the context of the Sendai Framework’s implementation. The first is to apply the proposed 
framework and checklist to a subset of representative and popular instruments, and extract conclusions regarding 
the relation between integration and customization. In addition, further guidelines and examples for each property 
could be useful for users and designers, either to improve or combine available instruments (which seems to have 
great potential taking into account the present number of CRI developed) or to develop new ones from scratch.   
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