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Abstract
Global warming and population density increase in urban areas under natural risks highlight the need for better quantifying and 
measuring community resilience. A new resilience framework was developed in the course of the European project C2IMPRESS, 
proposing an innovative way to assess community resilience through a multifaceted lens focused on 5 dimensions: a) social, b) 
governmental/institutional, c) economic, d) infrastructural, and e) environmental. The framework was tested in the four Case Study 
Areas (CSAs) of the C2IMPRESS project; Egaleo in Greece, Mallorca in Spain, Ordu in Turkey, and Centro in Portugal. Here, we exhibit 
the methodology process for the framework’s development (literature review, identification of resilience indicators, feedback 
from the CSAs) and its operationalisation, including a presentation of the data collection process and the scoring techniques used. 
Although there are alterations between the CSA’ resilience scores, all areas have showcased fundamental deficiencies in disaster 
management planning and preparedness. There were also important deficiencies in their protective infrastructure and healthcare 
systems. On the other hand, high scores were observed in educational attainment, digital connectivity, and average life expectancy 
capacities of the communities.
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Worldwide, a shift in various climate variables has been observed (EPA 2016). 
Although climate change affects the vast majority of the global population, proposed 
modifications to policymaking, entrepreneurial activity, and citizens’ conduct have 
not yet produced any considerable impact that counteracts this troubling phenomenon 
(Einecker & Kirby, 2020). The C2IMPRESS project aims to address this problem by 
adding to disaster and hazard research and innovation by adopting a novel “place and 
people” centred approach, which focuses on identifying community-specific challenges 
and empowers citizens and local authorities to act on them.

During recent years, there has been a notable increase in scientific publications 
related to the conceptualisation and the proposal of different computational resilience 
methods. More specifically, various attempts have been made to investigate the levels 
of adaptation and resistance of different systems against natural and artificial hazards 
(De Iuliis et al., 2023). For example, Marasco et al. (2022) developed a tool to measure 
resilience that incorporates risk analysis variables (hazard, exposure and vulnerability) 
into the fundamental resilience capacities of a community. 

Consequently, in this article, we focus more on an approach that views community 
resilience as a constructive adaptive response, in which both citizens and institutional 
bodies make best use of their social, political, economic, infrastructural, and 
environmental assets to mitigate natural disaster effects and successfully adapt to and 
recover from them (Wilson, 2012). It is evident that a community cannot anticipate 
and regulate all possible emergencies that may affect it. Nevertheless, through the 
study and in-depth examination of their anticipated impacts, a community can be 
provided with the opportunity to plan ahead and implement strategies that can counteract 
or mitigate those threats or find a suitable way to adapt to them (Einecker & Kirby, 
2020). As a result, it is possible for community members to study resilience capacities 
by comprehending its strengths and weaknesses and by taking proper action to enhance 
the former and eliminate the latter (Berkes & Ross, 2012). 

Purpose
To effectively measure community resilience in a multi-hazard context, the 

C2IMPRESS project developed a novel framework, including a set of 41 indicators. 
The main aims of this framework are to a) measure and assess the resilience levels of 
a municipality by quantifying its resilience characteristics, b) provide accurate, up-to-
date data to the Case Study Areas (CSAs) stakeholders and governors concerning their 
city’s resilience capacities, c) be used as a tool by stakeholders, authorities, and citizens 
to help them identify the strongest and weakest points of their city’s resilience. 
Consequently, this framework can be used as an instrument to help municipalities 
better understand their resilience competencies and therefore be able to make the 
necessary changes and adjustments to enhance and expand them.
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Methods

Development of a Novel Community Resili-
ence Framework

To capture the vast nature of community 
resilience, a literature review was conducted 
to identify several indicators that can be used 
to assess and quantify the resilience of a 
specific municipality. For this purpose, several 
open-access scientific journals were consulted, 
as well as a number of resilience frameworks 
developed either by national or European 
committees and organisations such as the 
Committee On Sustainability Assessment 
(COSA), the Federal Emergency Management 
Agency (FEMA), the World Risk Report 
(WRR, 2016) by the World Economic Forum, 
the Resilience Dashboards for the Social and 
Economic, Green, Digital, and Geopolitical 
Dimensions (2021), and the European 
Commission, among others. 

From this literature review 5 main categories 
were identified, encapsulating the different 
dimensions of community resilience: (a) social, 
(b) governmental/institutional, (c) economical, 
(d) infrastructural, and (e) environmental. Each 
dimension includes subdimension comprising 
131 indicators. The social dimension 
proportionally includes more indicators, as it 
consists of a large number of subdimension and 
also due to the special focus on the societal 
aspect of resilience, as there is a lack of this kind 
of data on the municipal scale. 

The social dimension is intended to 
investigate personality, health, education, and 
emergency preparedness characteristics at both 
the individual and community levels. In the 
governmental/institutional domain, the 
structure, organisation and quality of the 
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institutional bodies of the municipalities were examined. This included the existence 
and status of financial and resilience plans and the efficiency and effectiveness of 
municipal services, as well as the accountability and transparency levels of local and 
national authorities. The economic characteristics were focused on financial data on 
both the household and municipal levels, including the labour force and employment 
status of the community. Infrastructure wise, the existence and quality of (energy) 
infrastructure were measured. Finally, in the environmental dimension, its characteristics 
were addressed, and the exposure levels of each CSA to various natural hazards. 

After identifying the aforementioned dimensions and indicators, a short survey was 
conducted to investigate whether these categories fitted the project’s CSA needs. In 
addition, the complete list of indicators was also shared with the rest of the consortium 
members to gather valuable feedback on the framework. Based on these findings, 
mandatory additions and modifications were introduced to compile the final version 
of the community resilience framework.

Figure 2. Flowchart demonstrating the methodology followed to construct and implement the 
novel resilience framework.

Data Collection Tools
As mentioned, one of the main goals of this framework is to provide a quantifiable 

version of municipality’s resilience capacities. To achieve this, there needs to be a 
definite and practical metric for each indicator that allows us to measure it properly 
and assign appropriate values to it. Therefore, each indicator was accompanied by an 
example proxy, which is essentially a concrete method to assess it. The provided 
proxies were not exclusive; thus, if a CSA could propose an alternative way to provide 
accurate data that represented a certain indicator, they could select their own metric. 
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In addition, each indicator was accompanied by a detailed description and explanation 
of its connection to community resilience. The complete methodology of the 
framework’s operationalisation has been also thoroughly reported in D3.3 – Report 
on (a) the risk framework, (b) resilience framework, and (c) the support tool for 
operationalisation v2 (Galanopoulou et al., 2024) of the C2IMPRESS project.

The original framework comprised 131 indicators. However, to make the framework 
more practical and user-friendly, a shorter version was developed, which only included 
41 indicators. Many indicators covering similar matters or comparable proxies were 
conjoined. In this shorter version, there were 25 social indicators, 4 governmental/
institutional, 4 economical, 3 infrastructural and 5 environmental ones. The social 
dimension was proportionally larger, as previously emphasised, to contribute to 
municipal social cues and metrics, which are often overlooked. For a full presentation 
of the 41 indicators, their definitions, and their metrics, please refer to the Appendix.

An important aspect of the framework’s operationalisation is the collection of 
appropriate data for each indicator. For this purpose, two different approaches were 
adopted, depending on the indicator. First, representatives from each CSA were 
contacted to retrieve data already available from the city’s social services. A short 
survey was also prepared to be filled by the municipal authorities and provided basic 
information about the operation of the city’s governmental and institutional bodies. 
On the other hand, data available online were extracted from a number of different 
open-data sources; i.e., “Our World in Data” (https://ourworldindata.org/grapher/
share-who-trust-government), an open-access database that allows the identification 
and comparison of a vast amount of information per country. Other open data sources 
included Eurostat, the official European platform that provides high-quality data for 
several indicators per country, the national statistics service of each country, and others.

In this study, although the priority was to collect data representing the community 
at a municipal level, such information was not always available or was discarded as 
low-quality. In these cases, we decided to “scale-up” the data level and seek them at 
regional or national levels. Of course, scaling up data accuracy can occasionally 
decrease, and this should always be considered when interpreting evidence. Therefore, 
this approach was followed only when no other data were available at the municipal 
level.

Framework Scoring 
A value from 0 to 10 was assigned for each indicator, where 0 indicates the minimum 

resilience and 10 the maximum. This value can include up to one decimal number 
(e.g. 7.4) (see the following equations at the end of this section for the explanation of 
this accuracy). Subsequently, the score for each dimension was extracted from the 
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mean average score of its indicators. The mean average scores of the five dimensions 
were averaged up to the overall community resilience score of the municipality. Each 
indicator had either a positive or negative correlation with community resilience. The 
positive correlation indicated that the higher the score of an indicator, the higher the 
score of community resilience. The negative correlation indicates that the higher the 
score of the indicator, the lower the overall score of community resilience. 

Whether an indicator had a positive or negative correlation with community 
resilience depended on its operational definition. For example, the percentage of elderly 
people who live in a municipality exhibits a negative correlation with community 
resilience due to the reduced mobility of elderly people, which can be fatal during the 
course of emergencies and because it is more difficult for them to prepare and adapt 
to natural disasters. In addition, many people over the age of 70 require assistance 
from family, neighbours, and others, which may not be available during emergencies 
(Links et al., 2018). 

After acquiring suitable data for each indicator, a concrete baseline score is required 
for these data to be compared with and assigned an appropriate value. The baseline 
score refers to the maximum (optimal) and minimum (insufficient) values each indicator 
can acquire. Consequently, these baseline scores were set by comparing the collected 
data with the minimum and maximum scores of each indicator that were retrieved 
from open-data sources or extracted from the literature. More specifically, the following 
formulas were used to calculate each indicator’s specific score. The selection between 
the two equations was based on either a positive or negative correlation with the 
indicator that illustrates community resilience.

 Equation 1. Formula for the score conversion of indicators with positive correlation  
(Source: Eklund et al. 2023)

  
Equation 2. Formula for the score conversion of indicators with negative correlation  

(Source: Eklund et al. 2023)

In both formulas x is the available data for the community/region/country that we 
want to convert; Min x is the minimum value recorded in the given data set; Max x 
is the maximum value recorded in the data set (Eklund et al., 2023). 
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Findings
In this section, the results from the implementation of the community resilience 

framework in the four CSAs that participated in the C2IMPRESS project are exhibited: 
Egaleo in Greece, Mallorca in Spain, Ordu in Turkey, and Centro in Portugal. Here, 
we present an overview of the resilience scores retrieved for each municipality, 
accompanied by their interpretation, as well as a demonstration of how they are 
associated with and interfere with community resilience, either by enhancing or 
reducing it. 

 
Figure 3. European map showing the locations of the 4 CSAs and the  

most prominent hazards in each test area.

Implementation in Egaleo, Greece 
First, the resilience framework was pilot-tested in the Egaleo municipality. This 

CSA was chosen as a pilot project due to its spatial proximity and scientific affiliation 
to the National Centre for Scientific Research “Demokritos”, which conducted the 
survey. Egaleo is a municipality in the Western Domain of Athens, Greece, with a 
population of 69,946 inhabitants (per the 2022 census by the Hellenic Statistical 
Authority). The total acreage is 6.421 km2. One-fourth of the municipality is covered 
by an industrial area (Eleonas area). Other important landmarks are the University of 
West Attica, the “Baroutadiko” grove and mount galeo. Egaleo is also an important 
commercial and municipal hub, and it was once the capital of the Western domain of 
Athens. More than 100,000 people work or live in Egaleo on a daily basis. 
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Egaleo is a region prone to natural hazards, especially earthquakes, heatwaves, and 
floods. There is an established action plan concerning heat waves with the involvement 
of the Civil Protection Services, including the provision of air-conditioned spaces and 
the transport of vulnerable populations to these designated spaces. Municipal health 
clinics are also in place during heatwaves. There is also an emergency plan for 
earthquakes that covers accommodation, transportation, communication, and emergency 
equipment needs of citizens. The city’s authorities have also established an Action 
Plan for Energy and Climate that focuses on mediating the climate change impacts 
and on the municipality’s adjustment to climate change in general, including foreplaned 
decreases of its pollutant emissions. The graph below provides the overall and 
subdimensional resilience scores for Egaleo City. 

 

Figure 4. Overall community resilience score for the CSA of Egaleo,  
along with its 5 dimensions and their respective scores.

Concerning the health resources in Egaleo, there are enough available doctors (score 
7.3/10), but there is low availability for hospital beds (3/10), which can be crucial 
during a disaster. Moreover, a substantial proportion of the city’s population are elderly 
(19% of citizens are older than 65 years), an age group that is more likely to require 
special attention and aid during a disaster due to reduced mobility or lack of knowledge 
about the proper emergency actions they should follow. In addition, there are mediocre 
levels of community participation in the decision-making process, as less than half of 
the city’s population exercised their right to vote in the last community elections. This 
is crucial because it undermines the feeling of belonging to a community and the active 
role of citizens in the development of community policies (COSA, https://thecosa.org/
resilience-indicators/).

https://thecosa.org/resilience-indicators/
https://thecosa.org/resilience-indicators/
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On the other hand, Egaleo scored low on the indicators of event management and 
resilience plans. More specifically, there are some event management plans in place, 
but they do not cover the entirety of natural disasters and their different phases (pre-
during-post disaster) and they are also not well coordinated among municipalities’ 
different services. In addition, according to the city’s authorities, Early Warning 
Systems (EWS)1 are non-existent. Moreover, there is a collection of past data concerning 
the main hazards that the community faces, but there are no coordinated plans to update 
this information. Finally, concerning the post-event recovery plan of a city after a 
disaster, there are some plans and strategies, but these are not inclusive, nor have been 
verified and agreed upon by relevant stakeholders. There is also no available resilience 
plan for the city.

Nevertheless, Egaleo holds high scores on some important indicators that reflect a 
community’s well-being and overall prosperity, namely educational attainment, Internet 
access, and average life expectancy. Expressly, 93.59% of the population has a high 
school degree, and 90.9% of households have broadband internet access. In addition, 
the average life expectancy in the country is 80.1 years. These indicators indicate 
increased well-being and overall quality of the available medical services. In addition, 
higher education levels can improve students’ capacity to prepare for and respond to, 
the stress of disasters (Edgemon et al., 2018). 

In the governmental and institutional domains, the pattern of existing policies that 
are nevertheless not well coordinated is evident. The resilience financial plan and 
budget are not well organised. The overall efficiency and effectiveness of the 
municipality holds a substandard score because the major services are scarcely 
reviewed. Therefore, there is no appropriate assessment of the city’s services, which 
severely degrades their performance and impact. Moreover, on a national level, there 
is a score of 52/100 (where 0 perceived as very corrupt and 100 very transparent) 
concerning the corruption of authorities in Greece, according to the Corruptions 
Perceptions Index (2022) (https://www.transparency.org/en/cpi/2022). This indicator 
is highly interconnected with the indicator “Trust in Authorities” in which Greece 
scored 3.1/10. These scores are very marginal, and their measures are very important 
because the less citizens trust and believe in the transparency of their governing bodies, 
the less prone they are to follow their orders and guidelines during emergencies 
(Delprato et al., 2022). 

The overall median household income in Greece is very low (1.9/10). However, 
there is a satisfactory score for income inequality (6.4/10), which corresponds to more 

1	  Early warning system is an adaptive measure for climate change that uses integrated communication systems to help  
Communities prepare for hazardous climate-related events (United Nations). https://www.un.org/en/cli-
matechange/climate-solutions/early-warning-systems#:~:text=Early%20warning%20system%20is%20
an,and%20supports%20long%2Dterm%20sustainability

https://www.transparency.org/en/cpi/2022
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just distributions of earnings across the community, in a way that boosts its overall 
resilience goals (Edgemon et al., 2018) and the available fundings for emergency 
preparedness. In addition, an unemployment rate of 12.23% exists in Egaleo (score 
6.5/10), which is satisfactory overall and positively contributes to the municipality’s 
total economic resilience. 

Infrastructure wise, Egaleo received an excellent score of 10/10 in water access, as 
100% of households had potable water and 97.4% of households were connected to 
public sewage. This is important because complete access to clean water and sanitation 
systems indicates more resilient societies with the capacity to recover faster after disaster 
(Delprato et al., 2022). However, in terms of building infrastructure, Egaleo has some 
building codes and standards, but these are not applied, enforced, nor verified (score 
2.5/10). Also, there is some protective infrastructure in places, but a lot of strategic areas 
are not protected, and defensive design and management is not consistent with best 
practises, according to the municipality’s authorities (3.3/10). It is worth mentioning 
here that protective infrastructure is set to shield critical community infrastructure against 
natural or other hazards, and its absence increases the exposure of critical assets, affecting 
both human lives and material properties (Cardoso et al., 2020; Delprato et al., 2022).

Finally, on the environmental dimension, Egaleo faces some important challenges 
because it is a high-risk area prone to several natural hazards. As mentioned, Egaleo is 
exposed to major heat waves, especially during summer. Approximately 31% of summer 
days had temperatures equal to or greater than 35℃ in 2023. Considering these extreme 
temperatures, exposure to forest fires is also high due to the existence of the “Baroutadiko 
grove”, which covers almost 134,000 m² of the municipality. In addition, Egaleo is 
similarly prone to earthquakes as the whole of the Attica region. More specifically, 
according to https://thinkhazard.org/en/report/16680-greece-attiki-attikis/EQ, the risk 
of an earthquake is high, meaning that there is more than a 20% chance of a potentially-
damaging earthquake happening in the next 50 years in the area. Also, there is a high 
risk of flooding, especially in the neighbourhoods with close proximity to Kifissos 
highway, under which there is a rubbled river that occasionally overflows following 
heavy rainfalls. Finally, no Natura 2000 protected areas in Egaleo could counteract the 
effects of climate change by mitigating the risks and impacts of extreme natural events 
(European Commission Directorate - General for Environment, 2014). 

Implementation in Mallorca, Spain
Mallorca is a Mediterranean flood-prone insular region with a population of 914,564 

as of 2022 (source: IBESTAT). It is historically affected by flash floods and wildfires. 
In Palma, the capital city of the island, a catastrophic flood caused approximately 5,000 
deaths in 1403 (20% of its population), making floods the main natural hazards affecting 

https://thinkhazard.org/en/report/16680-greece-attiki-attikis/EQ
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this city. Floods are allocated over an alluvial fan, filling a subsided depression. (Petrus, 
Ruiz, Estrany, 2018). In the rest of the island, the historical distribution patterns of 
human settlements were related to fluvial systems, leading to numerous urban 
settlements potentially affected by flash floods.

In the second part of the 20th century, urban expansion became exponential, with 
the addition of many urban and tourist settlements, often in flood-hazard areas or 
nearby forest areas, and thus, growing at the wild-urban interface, which generated 
new significant wildfire risk areas. Nevertheless, this urban expansion and the expansion 
of tourist mobility implies higher risks not only related to floods and fires but also with 
any other natural risk hazards such as earthquakes or meteorological hazards, and 
because of the proximity of more population to chemical and radioactivity hazards, 
marine pollution, and dangerous goods transportation hazards.

Figure 5. Overall community resilience score for the CSA of Mallorca, Spain,  
along with its 5 dimensions and their respective scores.

In Spain, due to no data being available on a municipal level, there is a 19% 
percentage of disabled persons (score 7.3/10). The proportion of minors was 15.6% 
(score 7.6/10), whereas the proportion of elders was 16.8% (score 4.7/10) of the 
population. The average life expectancy is 83 years (score 9.4/10), which is beyond 
satisfactory and reflects an overall good quality of life for the residents. Concerning 
medical resources, according to the government of the Balearic Islands2, there are 3.03 
beds per 1,000 people and 3.43 medical doctors per 1,000 people (score 2.1/10 and 
3.5/10 respectively). Public school capacity is low and decreases the community’s 
ability to restore educational services after the occurrence of a disaster and to use these 
spaces as evacuation or temporary refuge centres. 
2	 https://www.caib.es/sites/atencioespecialitzada/ca/presentacio-78950/

https://www.caib.es/sites/atencioespecialitzada/ca/presentacio-78950/
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According to Our World in Data (https://ourworldindata.org/grapher/share-who-
trust-government), there is also comparatively low trust in authorities in Spain, as only 
48.2% of the population state that they trust their government (score 4.1/10), which 
aligns with a moderate degree of overall governmental transparency (score 60/100, 
where 0 is considered very corrupted governance and 100 very transparent) (Source: 
https://transparencia.pt/indice-de-percecao-da-corrupcao-2022/). This could 
demonstrate a moderate disbelief and suspicion towards governmental policies, which 
can sabotage a community’s emergency preparedness policies and its overall resistance 
to natural disasters. On the other hand, 81.1% of the population of Spain stated that 
they trust others in their neighbourhood (https://ourworldindata.org/grapher/share-
people-trust-neighborhood), which is the highest score for this indicator among the 
other CSAs and is correlated with higher and more mindful participation in community 
activities.

During an emergency on the island of Mallorca, a shortage of communication is 
very likely, even in the most probable natural disaster scenario. Concerning the island’s 
risk management policies at the regional level, comprehensive plans cover disaster 
management, preparedness, emergency, and city mitigation, preparedness, and response 
to local emergencies. These plans are subject to review, updating, and continuous 
improvement; however, this process is often delayed due to slow administrative 
procedures and a lack of resources. In addition, on a municipal level, many communities 
lack specific emergency plans, mostly due to a lack of economic resources, especially 
in regions with low populations, according to the Emergency Management Service of 
the Balearic Islands (score 6.6/10). Also, concerning citizens’’ emergency training, 
some training modules for civil protection volunteers do exist, but their coverage needs 
to be significantly improved (score 3.3/10). Thus, authorities should focus on gathering 
more detailed information to record and address these emergency preparedness 
shortcomings by identifying the most prominent risk management gaps.

On the other hand, Mallorca has already accommodated for the supply of emergency 
food and basic relief items because they exceed the anticipated needs, even in the most 
severe scenario (score 10/10). This shows that the community is well-prepared to cover 
the first basic needs of its citizens post-disaster, which can accelerate the rhythm of 
its recovery (United Nations Office for Disaster Risk Reduction [UNDRR], 2017). 
Also, the main hazards that threaten the island are studied and understood, but there 
are no agreed plans for updating this information (score 6.6/10). Additionally, the 
EWSs of the CSA are currently under construction and are expected to reach among 
50 and 75% of the population (score 3.3/10). However, with the implementation of 
ES-Alert (Emergency Alert System) all citizens who possess a smartphone can be 
reached and informed about upcoming emergencies. Furthermore, Mallorca has 
developed a strategy/process for post-event recovery and reconstruction, including 

https://ourworldindata.org/grapher/share-who-trust-government
https://ourworldindata.org/grapher/share-who-trust-government
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economic reboot, which is also well-understood by relevant stakeholders; however, it 
needs to be more comprehensive and re-assessed at appropriate intervals (score 6.6/10).

In the governmental/institutional domain, the region has a financial plan and an 
upheld budget destined for resilience capacities, but these efforts are not coordinated 
between different agencies and organisations (score 3.3/10). This is crucial because 
every community needs to not only have available funds for resilience planning, but 
this budget should also be “ring fenced” and used specifically for disaster management 
purposes. (Cardoso et al. 2020). In Spain, however, strict administrative processes and 
detailed reporting can enhance the protection of allocated budgets and ensure that they 
are only used for their designated purposes. Also, Mallorca can capture and disseminate 
some lessons regarding hazards, but not in a thorough or systematic way (score 3.3/10). 

These learning loops involve failure analysis, as well as the documentation of 
important steps that help readjust existing disaster risk reduction (DRR) plans; however, 
they should be approached in a more thorough manner. This could provide the CSA 
with important data and information to cope with upcoming disasters by learning from 
past mistakes and miscalculations (UNDRR, 2017). In addition, the performance of 
the community’s major services and functions was reviewed, but this review excludes 
any impact assessment (score 7.5/10). This indicates that the Balearic Islands’ authorities 
pay considerable attention to evaluating their services by monitoring their performance 
and interchanging best practises. However, it is important that this effort is enhanced 
through a thorough impact assessment, which will provide greater detail about the 
influence of the services on the strategies that are being implemented on the island. 

Economically speaking, the comparatively low median household income in 
Mallorca (32,404 € per household or 12,451 € per capita/per year), combined with a 
medium income inequality (0.329, where 0 is perceived as complete equality and 1 
as complete inequality) and 26% of the population at risk of poverty or exclusion point 
to restricted financial means available to the country’s population. On a local level, 
although the unemployment rate differs per month because the island is a highly 
touristic location, a mean 11% of the labour force is unemployed on average per year 
in Mallorca, which is considered satisfactory (score 6.8/10). 

In the infrastructural domain, zoning rules exist, are widely applied, are properly 
enforced, and are verified (score 10/10). This means that local and regional authorities 
pay significant attention to not only maintaining zoning and land use regulations but 
also imposing these rules, as well as validating their implementation. The existing 
protective infrastructure in Mallorca, on the other hand, is present in some cases, but 
some strategic protective infrastructure is missing, and the overall design and 
management may not be consistent with best practise score (3.3/10). Defensive 
infrastructure is therefore only partially implemented and exposes essential buildings 
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and assets to natural hazards. Additionally, there is no available data on water and 
public sewage access at the local level; however, at the national level, 86.93% of 
Spain’s population is connected to at least secondary wastewater treatment (score 
8.6/10).

Environmentally, the Natura 2000 network covers a significant terrestrial portion 
of Mallorca, essentially 29% of its land, (score 3/10). This is important because areas 
that belong to the Natura 2000 network can be strong indicators of well-maintained 
biodiversity and ecosystem functions that can help counteract climate change effects 
and increase the overall wellbeing of local residents (European Commission Directorate 
- General for Environment, 2014). In addition, the island has a major exposure to 
heatwaves. Approximately 42% of summer days in 2023 showcased temperatures that 
exceeded 35℃. This fact, in combination with the existence of 44.3% forested land 
around the island, upsurges its exposure to forest fires (score 5.6/10). Last but not 
least, Mallorca is at a very high risk of coastal floods (score 2/10), but it comparatively 
has little exposure to earthquakes (score 9/10).

Implementation in Ordu, Turkey
The Ordu case study area is located in northern Turkey, in the western part of the 

Eastern Black Sea region. The Eastern Black Sea Region is an area with the highest 
average annual precipitation in Turkey. In addition, there are 36 large and small rivers 
and streams in Ordu. Consequently, the area is very prone to floods, which can also 
lead to severe landslides, which are enhanced by the fact that many forest areas have 
been converted to urban areas. The combination of these two hazards has caused 
significant loss of human lives and property in the area in the past. Also, because of 
the floods, the city’s streets, along with some workplaces and homes, are frequently 
overflowing. There can also be a collapse of local bridges, which consequently renders 
the highway out of service due to heavy traffic. 

As a counteraction, the municipality of Ordu developed a Disaster Response Plan 
(TAMP-Ordu), which includes public, private, and civil entities (NGOs and citizens). 
Its goal is to clearly distribute the different roles and duties that arise in the middle 
of a disaster and coordinate the emergency actions that need to be taken during and 
after a hazard occurs. The natural hazards involved in this plan include earthquakes, 
floods, landslides, avalanches, and fires, industrial accidents, and mass population 
movements.
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Figure 6. Overall community resilience score for the CSA of Ordu,Turkey,  
along with its 5 dimensions and their respective scores.

In the social domain in Turkey, almost half of the population (54.9%) stated that 
they trust their national government (score 4.9/10). In addition, place attachment on 
the national level scores was found for 62.8% of citizens who trust others in their 
neighbourhood (score 5.7/10). On a municipal level, Ordu has a very satisfactory score 
of community participation, extracted by the fact that 71.4% of its residents participated 
in the last local elections, which indicates a robust feeling of community belonging 
and an enhanced degree of participation in activities that are organised on the local 
level (COSA). 

On a demographic spectrum, Ordu has a 26.5% of underage population (younger 
than 18 years old) and 9.9% population of elders (older than 65 years old). In addition, 
6.9% of Ordu’s population has disabilities. Whereas a bloom in the underage population 
is very optimistic, in terms of resilience, the youth can decrease the community’s 
overall capacities due to reduced emergency experience and knowledge. On top of 
that, kids and adolescents are very likely to require guidance and assistance from adults 
on how to act during emergencies, which may not be available in the face of a disaster 
(Links et al., 2018). On the other hand, Ordu’s elderly population and people who 
have some kind of disability are the lowest compared to the rest of the CSAs, which 
enhances its overall resilience because elderly people and people with special needs 
very often have mobility issues that can prove fatal during disasters and/or require 
more time and resources for their transportation during and after the crisis. 

In the health sector, on a national and subsequently local level, there are only 3.01 
hospital beds per 1,000 population (score 2.1/10) and 2.16 medical doctors per 5,000 
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population (score 2.5/10). In addition, health insurance expenditures in Ordu are only 
$443.08 per capita. Consequently, a severe scarcity of medical and health resources 
exists that can be fatal despite a disaster and undermine a community’s overall well-
being. This fact can also be reflected in the average life expectancy in Ordu (77.5 
years), which is the lowest among the case studies, but still remains a comparatively 
satisfactory value when compared with the average global life expectancy levels.

In Ordu, Internet access is almost optimal (95.5% of households are connected to 
broadband internet), which allows citizens to be able to collect valuable information 
before, during, and after disasters and cross-check it using various sources (Delprato 
et al., 2022). However, the municipality predicts that some loss of service will be 
experienced even from the “most probable” disaster scenario (score 3.3/10). The 
knowledge of this feebleness in communication network operations should be addressed 
pre-disaster by the municipality to make them more robust and replace them with 
alternative means that will be able to function even during emergencies. 

Educational attainment capacities in Turkey approach the global mean but remain 
comparatively low compared to the rest of the countries, since 64% of the share of 
people 3-5 years above the expected age of completion have completed their upper-
secondary education (score 6.3/10). On the other hand, Ordu possesses 14.67 public 
schools per 1,000 inhabitants which over exceeds the rest of the CSA school capacity. 
This is important because not only can it be a predictor of quicker restoration of the 
schooling activities of a postdisaster community but also because school facilities can 
be used as safe shelter spaces for the temporary accommodation of the displaced 
population (Edgemon et al., 2018).

Concerning the risk preparedness practises that are present in Ordu, there is a wide-
spread event management plan, but it contains significant gaps in coverage for 
mitigation, preparedness, and response to local emergencies. In addition, there are 
some available modules for emergency preparedness training, but their coverage and 
content need to be significantly improved, according to the municipality. Furthermore, 
more than half but less than 75% of the CSA’s population is reachable by Early Warning 
Systems (EWS). Therefore, most citizens can be reached and informed before and 
during a disaster; however, a substantial part of the population is still unattainable and 
may be exposed during an emergency.

In addition, regarding its community emergency preparedness plan, Ordu can provide 
food, shelter, staple goods, and fuel supplies that would prove sufficient to cover the 
total estimated needs of the citizens in the “most severe” disaster scenario. This is very 
satisfactory, but the provisions should ideally exceed the estimated needs of the 
population to prevent any unanticipated requirements. In addition, concerning the 
existence of a comprehensive hazard assessment, the Ordu authorities are aware of 
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the main hazards but have no agreed plans for revising this information. This can cause 
significant preparation gaps in the analysis and anticipation of the key hazards of the 
CSA as well as in the comprehension of their possible effects on human lives and 
physical assets.

As far as post-event recovery planning is concerned, not only is there a post-event 
strategy/process in place, but it is also robust and well-understood by relevant 
stakeholders. Moreover, the community has well-defined processes in place to capture 
lessons from failures post-event (by incorporating failure analysis) and use them to 
improve future emergency planning strategies. However, the CSA does not yet have 
a holistic resilience plan, which could strengthen the community’s anticipatory and 
absorptive capacities and accelerate recovery postdisaster. Nevertheless, a resilience 
plan is currently being developed and will be assisted by the C2IMPRESS project.

In the governmental/institutional domain (score 5.32/10) as far as the financial plan 
and budget for resilience, including contingency funds of Ordu, is concerned, there 
are some plans in different agencies / organisations but they are not coordinated. This 
means that there is not a “ring fenced” protected budget intended only for Disaster 
Risk Reduction (DRR) policies, and the available funds may be disseminated across 
different institutions. This can complicate and further delay the emergency response 
of municipalities due to a lack of coordination and conflict of interest among different 
authorities during a disaster.

In addition, some of the major services and functions of the city were reviewed at 
appropriate intervals, but some others were excluded. On top of that, the overall 
evaluation did not include any impact assessment (score 5/10). This approach leaves 
crucial gaps in the monitoring performance and interchange of best practises among 
services, which increases the vulnerability of the CSA and can negatively affect its 
recovery after a disaster. This is enhanced by the fact that the corruption of Turkish 
authorities on a national level is estimated at 36/100, where 0 indicates corruption and 
100 indicates transparency (score 3/10). This score, which is the lowest for this indicator 
among the 4 CSAs can be alarming because obscurity and unaccountability can 
jeopardise effective emergency planning. Also, the less citizens believe in the 
transparency of their government, the less likely they are to follow their guidelines 
and instructions during a disaster, which can cause major dysfunctions and even prove 
fatal (Delprato et al., 2022).

The median household income in Turkey is very low (10,622$/per year), and in 
combination with the levels of income inequality, which are considerable at 0.413, 
create lower-income households, which have a more difficult time preparing for and 
dealing with disasters due to a number of factors. These include the location of most 
of these houses in higher-risk areas, their tendency to overlook disaster preparation 
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(emergency supplies, emergency equipment) in favour of other expenses that are more 
immediate, and the shortage of economic resources and other means to support their 
recovery (Links et al., 2018). In addition, high levels of income inequality point to a 
less equitable distribution of municipal earnings that does not support broader 
community goals eventually (Edgemon et al., 2018). On the other hand, Ordu has a 
very low unemployment rate (8.5%), a score that positively contributes to Ordu’s 
economic capacities, although its overall economic score remains marginal.

Infrastructure wise, in Ordu, building codes and standards exist and are applied, 
but they are not enforced, nor verified, thereby providing Ordu. Also, in some cases, 
protective infrastructure is in place, but some strategic protective infrastructure is 
missing. Furthermore, their design and management may not be consistent with best 
practises (score 3.3/10). Protective infrastructures guard critical assets and human 
lives by counteracting or mitigating the effects of natural and man-made hazards 
(Delprato et al., 2022). On the other hand, there is excellent clean water/ public sewage 
access, since 100% of the households have access to clean water and 97.4 % of 
households are connected to public sewage (score 10/10). 

Environmentally speaking, there are no protected areas belonging to the Natura 
2000 network in the area. Medium exposure to heat is not deemed a significant threat 
(score 7/10). There is, however, a comparatively high risk of wildfires because 26.9% 
of the municipality areas are forested. There are also continuous precipitation throughout 
the year, and the maximum precipitation reaches high values with precipitation amounts 
of up to an average of 2500 mm annually in certain places. In addition, there are 36 
large and small rivers and streams in Ordu. This results in a very high risk of river and 
urban flooding (score 2/10). Exposure to earthquakes is considered high as well (score 
2/10). Given this information, Ordu is a high exposed area to natural hazards, mainly 
floods and earthquakes, and therefore, it scores a low total of 3.6/10 at the environmental 
dimension, which is the CSA’s lowest dimensional score.

Implementation in the Centro Region, Portugal
This CSA is subdivided into five case study areas: i) Figueira da Foz harbour, 

adjacent coastal area, and downstream alluvia area of the Mondego River; ii) Aveiro 
harbour and adjacent coastal area, iii) Mondego River basin; iv) “Leirosa-Monte Real” 
groundwater body, and v) “Maciço Antigo Indiferenciado da Bacia do Mondego” 
groundwater body. The natural hazards that these subareas face, depending on their 
location, include coastal and fluvial flooding, wave overtopping, forest fires, and 
seawater intrusion.

The objectives for each case study sub-area are as follows: a) model coastal flooding, 
wave overtopping, and fluvial flooding and extend the EWS; b) model coastal flooding 
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and wave overtopping and extend the EWS; c) model discharge in a certain river 
section for a specific precipitation pattern considering the burnt area and the fire severity 
and to develop a new platform to predict the expected impacts for specific scenarios 
and deliver adaptive strategies; d) study forest fire impacts on groundwater supply 
wells and seawater intrusion vulnerability under climate change; e) study the impact 
of forest fires on groundwater body states. Also, there are River Basin Management 
Plans, flood risk management plans, and municipal emergency plans in place for the 
study areas, as well as some plans/studies regarding the overall estimation of the hazard 
impact in the Centro region (Lopes, 2016).

Figure 7. Overall community resilience score for the CSA of the Centro Region, Portugal,  
along with its 5 dimensions and their respective scores.

In Portugal, 47.7% of the population trusts their national government (score 4/10). 
In the Centro Region, 58% of the population exercised their right to vote in the last 
community elections. This score is marginally acceptable, but greater participation in 
the electoral process is anticipated from community members, especially those 
representing more marginalised groups (immigrants, youth, people with disabilities), 
whose needs are often overlooked. Regarding the place attachment of the CSA, there 
are 67.4% of people who trust others in their neighbourhoods and there is also a 
variation ratio of resident population of 1.91 for Portugal. The less alterations there 
are in a community’s population, the more its citizens tend to bond and be associated 
with their community.
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More than one-fourth of the Centro Region’s population are elderly but most 
importantly almost 1 out of 2 citizens who present some kind of disability according 
to the CSA authorities. Certainly, this number is alarming since it increases the citizens’ 
vulnerability levels due to immobility issues, reliance on others for everyday tasks 
and/or evacuation, lower income, etc. In the health sector, the number of hospital beds 
is comparatively low (3.5 beds per 1,000 habitants), but the availability of medical 
doctors is acceptable (5.31 medical doctors per 1,000 habitants). Furthermore, a 28% 
share of the population has access to public or private health insurance, and the 
healthcare expenditure per capita in the country reaches 2,457 € (score 5.9/10). 
Therefore, the values in the CSA’s health sector are acceptable but nevertheless remain 
at a critical point. In addition, the average life expectancy of the CSA was 80.72 years 
old (score 8.7/10), indicating an overall good quality of life. 

Education wise, 90% of the citizens in Portugal completed upper secondary education 
(score 9.9/10). This indicator is highly linked to better health, enhanced capacities to 
receive and exchange information, an overall stronger labour force and better abilities 
to prepare for and face disasters in general (Edgemon et al., 2018). On the other hand, 
the Centro Region has low public-school capacity, with only 2.7 schools per 5,000 
population (score 3/10). This can interfere with the community’s ability to temporarily 
shelter displaced populations and continue providing educational service after a disaster.

When considering a municipality’s communication capacities, some loss of service 
is expected to be experienced by a significant proportion of the city in the most severe 
scenario (score 6.6/10). This means that in most mild disasters, communication means 
are expected to remain intact and to continue operations. However, it is crucial that 
only 44% of the region’s population has access to the internet, according to the CSA’s 
statistics. Therefore, municipalities should consider enhancing their citizens’ web 
access to allow them to gain information from various and verified sources, cross-check 
it, and decide on the most fitting action prior to and during emergencies.

Concerning the municipality’s emergency management plans, there is a complete 
disaster management/preparedness /ER plan outlining mitigation, preparedness, and 
response to local emergencies (score 10/10). The city has also provided resilience 
training to some sectors, but others lack the required training and engagement with 
resilience policies (score 6.6/10). Referring to the city’s emergency services there are 
3 municipal police stations and 3 fire departments (score 7/10). Additionally, the CSA 
authorities state that in the “most severe” scenario, the supply of emergency food and 
basic relief items is equal to the estimated need (score 6.6/10), which indicates a 
sufficient level of emergency preparedness. Furthermore, it is estimated that over 75% 
of the population can be reached by early warning systems. This number is satisfactory 
but not idyllic because no citizens should be excluded from the reach of the EWS, 
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which is important for receiving official and up-to-date information on upcoming 
disasters. 

Furthermore, the community’s authorities appear to understand the main hazards 
the area faces, and hazard data are updated at agreed intervals. This provides the CSA 
with the necessary information for the most prominent hazards and their anticipated 
impacts. However, the post-event recovery planning strategy concerning these hazards 
is not comprehensive or integrated or understood by the relevant stakeholders (score 
3.3/10). Therefore, CSA authorities should put more effort into expanding the existing 
strategies to include all interested parties and to cover all of the participants’ emergency 
response needs. It is essential to mention that Figueira da Foz Municipality, part of 
Portugal’s Centro region, is the only CSA studied here that already has a resilience 
plan (score 6/10). More specifically, a Municipal Climate Change Adaptation Strategy 
has been in place since 2016, and the Municipal Climate Action Plan is currently in 
the phase of considering the results of the Public Consultation phase, which ended on 
December 16, 2023. This plan will continue to be formatted and evolve up to 2030 
and will take into consideration climate change aspects, such as projections, scenarios, 
and possible impacts.

Furthermore, in the Centro Region there are some plans for allocating funds and 
resources for disaster risk reduction (DRR), but they are not coordinated and this 
budget is not protected, meaning it is not intended strictly for DRR. Also, there are 
mechanisms/processes incorporated by the city’s institutional bodies to extract lessons 
from past failures. These lessons were used to update the emergency policy design of 
the CSA, but the mechanism that allows this needs improvement (score 6.6/10). As 
far as the efficiency and effectiveness of the community’s authorities are concerned, 
reviews are planned and carried out on major services at appropriate intervals to 
evaluate their performance. This includes a thorough impact assessment, which permits 
the performance monitoring of governmental bodies, their constant evaluation, and 
an interchange of best practises among different services (Delprato et al., 2022). On 
a national level, Portugal scored 62/100 on the “Corruption of authorities” indicator 
(where 0=completely corrupted and 100=completely transparent), a moderately 
satisfactory score. 

Economically speaking, Centro Region has the second lowest score in overall 
community resilience. The median household income in Portugal is estimated to be 
24,877 $ per year, and the income inequality is 0.327, where 0 points to complete 
equality and 1 points to complete inequality. In Figuiera da For, 7% of the labour force 
is unemployed, whereas in Montemor-O-Velho, only 4 % of individuals between 15 
and 54 years old are unemployed. These numbers demonstrate low unemployment 
percentages, which boosts the economic resilience on a local level (score 8.5/10). 
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Furthermore, regarding the area’s Disaster Risk Financing, which refers to domestic 
and non-domestic insurance policies that cover natural disaster-related degames, 36.9% 
of domestic properties have valid insurance coverage for high-risk hazards (score 
3.6/10). The more assets that are covered by similar insurance policies, the faster a 
community can absorb the abrupt shock of a disaster and the quicker it can recover 
from it (Delprato et al., 2022).

In terms of the infrastructural dimension, the CSA has the highest score (7.03/10). 
Building codes and zoning rules and standards exist, are applied and enforced but they 
are not verified (score 7.5/10). Also, regarding the existing protective infrastructure 
of the CSA, in most cases protective infrastructure is in place and consistent with best 
practise for asset design and management, based on relevant risk information, but 
there are some critical assets that are not disaster proofed (score 6.6/10). Consequently, 
some important buildings and infrastructure are left exposed, which upsurges the CSA’s 
vulnerability to upcoming disasters and can have a negative impact on estimated 
damages and human losses. Finally, in Figueira da For, 95.2% of the population has 
access to clean water, while 48.3% of households are connected to either public or 
private sewage, whereas in Montemor-O-Velho, the latter is estimated at 75.4%. 

Environmentally, there are several Natura 2000 protected areas in the CSA, including 
Porto de Aveiro and a significant area between Aveiro and Figuiera da For. The Natura 
2000 network also covers most of Centro’s Region coastal line. These areas increase 
the CSA’s biodiversity and can help mitigate and absorb climate change impacts. In 
the last summer period (2023), there were 28/92 days when the temperature exceeded 
35°C (score 7/10), indicating high heat exposure. Medium exposure to wildfires was 
observed, as 14.4% of the land was covered in forests (score 8/10). However, the main 
natural threat to the CSA however is exposure to river, coastal, and urban floods (score 
2/10). Last but not least, the area has low exposure to earthquakes (score 7/10).

Discussion
As demonstrated, the community resilience framework elicited within the context 

of the C2IMPRESS project equipped municipal and regional authorities and stakeholders 
with a novel tool that permits the quantification, measurement, and assessment of their 
city’s resilience. This framework allows the interested parties to capture a complete 
picture of the current resilience state of their community by identifying its strengths 
and weaknesses. This gives authorities the initiative to address these points either by 
implementing new strategies and policies to cover and strengthen its ellipses or by 
enhancing and mastering its strong suits. Therefore, it positively contributes to disaster 
risk and emergency research and innovation by facilitating decision-making strategies 
and planning of local institutional bodies.
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Overall, concerning the resilience assessment of the four CSAs we can notice some 
reoccurring patterns among them. Although all CSAs have some form of event 
management and disaster preparedness plans, these strategies have fundamental 
weaknesses and lack coordination. This calls for the adaptation of a more holistic and 
better organised risk management design. It is also crucial that all CSAs acquire a 
protected budget that will be guarded and used only in emergencies. As far as 
municipalities’ governance is concerned, there needs to be a more meticulous assessment 
of cities’ services to improve both efficiency and transparency. The latter constitutes 
a crucial issue for all CSAs (with either low or medium scores) and severely undermines 
citizens’ trust in authorities and the guidelines proposed by them, which jeopardises 
the community’s long-term safety.

Furthermore, infrastructure wise although there are existing codes and regulations, 
they have not been thoroughly implemented. Also, there is an important omission in 
the protective infrastructure domain, as many critical buildings and assets are not safe 
to test and are exposed. Although in all the case studies, the domain of infrastructures 
registered the highest scores, it is nevertheless necessary to take into account the fact 
that resilience cannot be based only on regulatory aspects but, as mentioned, on effective 
compliance with codes and regulations, and it is considered essential to strengthen 
monitoring and inspection. 

In addition, in the health domain, fundamental shortages exist, especially in hospital 
beds and occasionally on available medical staff, which can lead to fatal situations 
amidst an emergency. On the other hand, most CSAs demonstrate high scores in areas 
that hold substantial weight to a community’s overall well-being and enhance its 
capacity to quickly recover from disasters, such as educational attainment, internet 
access (except for Centro Region), water and sanitation systems’ access, average life 
expectancy, and comparatively low unemployment rates. Finally, the municipal 
authorities in all tested areas should consider enhancing their community participation 
and strengthening social bonds among citizens through common activities, which can 
positively contribute to their overall place attachment.

As per the limitations of this study, no similar assessments were conducted on these 
specific municipalities for the investigators to be able to compare and cross-validate 
the results. This provides an open space for further investigation to verify and expand 
this assessment. In addition, the current study does not address the implementation of 
any concrete solutions that would increase communities’ resilience, as this approach 
strands away from its original purpose. However, foreseeable research that will be 
conducted within the scope of the C2IMPRESS project will focus on proposing and 
testing such solutions, always in close collaboration with municipalities’ authorities 
and stakeholders as well as the rest of the project partners.
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 Last but not least, as mentioned, due to the unavailability of some data at the local 
and community level, we extracted data from either the regional or national level for 
certain indicators, which could theoretically decrease the accuracy of resilience 
assessment. However, this matter was addressed, and the indicators that included 
scaled-up data were interpreted at their corresponding levels because there is an 
important correlation between nationwide and local level data, which can still provide 
valuable information regarding a specific area’s resilience levels.
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