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1. Setting the framework 
As cities encounter an increasing array of challenges and stressors, such as climate change, natural 
hazards, and rapid urbanization, the concept of resilience is gaining growing attention in urban and 
regional development and planning. These challenges are indeed becoming more complex and 
unpredictable, making it imperative for cities and metropolitan territories to develop strategies that 
enhance their ability to absorb shocks, recover from crises, and adapt to evolving circumstances. In this 
context, over the years, the concept of resilience has emerged as a “new way of thinking” (Folke, 2006) 
across different fields of expertise, including environmental science, sociology, urban and regional 
planning, engineering, and public policy. Globally, various public institutions (but also non-profit 
organizations) have embraced resilience-based planning, also according to the UN 2030 Agenda for 
Sustainable Development, extending to local initiatives. 

The concept of resilience finds one of its most significant and applied expressions within the field of 
Disaster Risk Management (DRM). As urban environments face increasing environmental, social, and 
economic stresses, DRM emerges as a pivotal mechanism for operationalizing resilience through the 
development and implementation of strategic and temporal interventions. In this context, DRM serves 
as a bridge between resilience theory and practice, translating abstract concepts into actionable 
measures that address both immediate and long-term risks. As required by global frameworks such as 
the Sendai Framework for Disaster Risk Reduction (2015) and the UN 2030 Agenda for Sustainable 
Development, DRM contributes fundamentally to the enhancement of resilience. The United Nations 
Office for Disaster Risk Reduction (UNDRR, 2017) defines DRM as “the application of disaster risk 
reduction policies and strategies to prevent new disaster risk, reduce existing disaster risk, and manage 
residual risk, contributing to the strengthening of resilience and reduction of disaster losses”. This 
comprehensive approach underscores the temporal dimension of DRM, which encompasses four 
interrelated stages (prevention and mitigation, preparedness, response, rehabilitation and recovery), 
each of which plays a crucial role in enhancing resilience across different time scales. 

Building on this foundation, the concept of urban resilience has emerged as a key paradigm within urban 
and regional planning, offering a context-specific application of resilience thinking and DRM principles 
to the unique challenges faced by cities and metropolitan areas. The notion of urban resilience arose 
from the broader interest in resilience among planners and researchers (Davoudi et al., 2012). The rising 
prominence of urban resilience is reflected in the expanding body of literature on the topic. Furthermore, 
this growing focus has led to the integration of resilience-based policies in urban and metropolitan 
governance, disaster risk management, infrastructure development and planning. Ultimately, resilience 
can be a powerful and transformative concept that has the potential to reframe various planning 
practices and interventions (Datola, 2023). 

In this context, another relevant concept is transformative resilience (Giovannini et al., 2020), which 
involves harnessing disturbances as catalysts for positive change and innovation (Asadzadeh et al., 
2022). Urban systems continuously adapt and learn from disturbances to enhance their capacity for 
overcoming future shocks (Sharifi & Yamagata, 2018). By incorporating also the concept of 
transformative resilience into planning practices and interventions, a more comprehensive and 
forward-thinking approach to building resilient urban environments can emerge. Such a new 
perspective advocates for systemic changes that prioritize radical and nonlinear transformations in the 
urban fabric, fostering continuous adaptation and evolution. Resilience is seen as a dynamic force 
driving institutional, organizational, and social change rather than just passive resistance. Achieving this 
requires an interdisciplinary approach that leverages diverse fields to promote systemic modification 
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and adaptation. Flexibility and responsiveness are essential characteristics of governance needed to 
effectively implement these transformative resilience strategies over the medium-to-long-term at 
multiple levels across sectors (Brunetta et al., 2019; Brunetta & Voghera, 2017). 

However, the absence of a widely recognised definition of resilience applied to urban contexts makes it 
difficult to understand their complexity. In this context, the notion of urban resilience is useful due to its 
multifaceted nature that encompasses the ability of cities to withstand and recover from acute shocks 
and chronic stresses. A widely accepted definition for urban resilience is given by Meerow et al. (2016): 
“the ability of an urban system and all its constituent socio-ecological and socio-technical networks 
across temporal and spatial scales to maintain or rapidly return to desired functions in the face of a 
disturbance, to adapt, to change and to quickly transform systems that limit current or future adaptive 
capacity”. This definition highlights the interconnected nature of urban resilience, emphasizing the 
relevance of adaptability and transformation. Additionally, urban resilience does appear as a complex 
issue that must consider all the different dimensions of an urban system. These dimensions include, for 
example, governance frameworks, built and infrastructure development, economic stability, 
environmental sustainability, and social cohesion. To understand the complexity of an urban system, it 
is necessary to address all these dimensions (Sharifi & Yamagata, 2016). However, the vast and often 
unclear body of literature on resilience does not help to clarify the resilience level of a city or a 
metropolitan territory.  

Despite its widespread recognition in academic literature, implementing resilience remains a 
challenging endeavour. This difficulty stems from the inherently multidisciplinary and complex nature 
of the concept—particularly in urban and territorial contexts—where resilience serves as a broad and 
evolving framework (Beltramino et al., 2022).  

The emphasis on adaptability and maintaining essential functions aligns with the idea of resilience as 
an ongoing process, where territories continuously learn and evolve to enhance their capacity for future 
shocks. 

This perspective lays the groundwork for practical applications and interventions aimed at building and 
enhancing urban resilience. 
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2. Methodology to evaluate resilience 
Indeed, it is possible to trace the absence of universally accepted metrics or standardized assessment 
frameworks, making it challenging to measure the value of resilience of a city or a metropolitan territory 
and compare this value across different cities and regions. Traditional methods for evaluating urban 
resilience tend to focus on specific risks or often lack a holistic perspective. Thus, measuring urban 
resilience is a complex and evolving field that requires a multidimensional approach. 

This research argues for a more holistic approach to operationalize the concept of resilience in urban planning 

that remains an open question due to the lack of empirical knowledge on measuring the degree of resilience. 

It encompasses identifying relevant dimensions selecting measurable indicators, and collecting data to 

evaluate a city's strengths and weaknesses across different resilience capacities. 

By analyzing the existing body of literature on urban resilience, this research aims to understand and 
collect the metrics and indicators used to measure urban resilience and provide a comprehensive 
understanding of the concept and its implications for future urban development and planning. 

 

2.1 From literature review to the proposal 
The literature review was firstly conducted using a keyword-based search technique within the Scopus 
database. Specific search terms were formulated to refine the focus and identify a targeted set of 
studies for a comprehensive review of the field. Two separate strings were developed: the first included 
indicator-related terms, and the second included keywords related to urban resilience assessment, 
evaluation and measurement. While the indicators-focused string identified studies that explicitly 
discussed measurement tools, the assessment-focused string captured broader discussions of 
assessment methodologies.  

The combined search strings resulted in a rich dataset of 965 unique records. To ensure a manageable 
number of documents for in-depth analysis, the search results were then further refined. This involved 
adding a search based on author-specified keywords, a critical step in limiting the results to papers with 
a primary focus on urban resilience assessment, rather than simply mentioning the concept. Additional 
filters were applied to further refine the search results and ensure selection of the most relevant 
literature. These filters included year of publication, document type, language and subject area, as 
detailed in Figure 1.  

After applying the filters, the number of unique records was reduced to 141. Of these, 71 papers were 
identified as resulting from both strings. These 71 papers then underwent rigorous screening. Finally, 
based on the presence of specific resilience indicators, 39 papers were selected for inclusion in the 
literature review (appendix A). 
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Figure 1. Literature review workflow  
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Figure 2. Papers including a map and/or a formula 
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Figure 3. Papers classified by resilience dimensions 
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2.2 Reorganization of the taxonomy 

A significant portion of existing research neglects the holistic nature of urban ecosystems (Rus et al., 
2018). This results in assessments that are limited to specific systems, failing to capture the complex 
interplay between environmental, social, and economic aspects of urban resilience. The prevalent 
approach of focusing on selected urban components when assessing resilience in the face of specific 
disasters generates incomplete results (Rus et al., 2018).  

This research aims to integrate the different dimensions of the urban system into a single framework for 
measuring resilience.  

Based on the taxonomy proposed in WP 5.2.1, we propose an integration and re-organisation of the 
urban components considered according to five dimensions of resilience: the built environment, the 
environmental dimension, the social dimension, the economic dimension and the institutional 
dimension (Figure 2).  

 

Figure 4. Re-organization of the taxonomy proposed by WP 5.2.1 

 

Each dimension plays a significant role in enhancing a city's resilience (Chen et al., 2019; 
Ostadtaghizadeh et al., 2015; Patel & Nosal, 2016; Ribeiro & Gonçalves, 2019): 

• Bult environment 
This dimension of urban resilience focuses on the built environment and infrastructure of a city. 
It examines the capacity of physical structures, such as buildings, transportation systems, and 
utilities, to withstand and recover from acute shocks, including natural disasters and 
infrastructure failures. This dimension also encompasses the importance of resilient urban 
design and architecture to mitigate the impact of external hazards and ensure the safety and 
functionality of urban spaces (Ahern, 2011; Desouza & Flanery, 2013; Sharifi & Yamagata, 2016; 
Spaans & Waterhout, 2017; Tyler et al., 2016) 
 

• Environmental dimension 
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The environmental dimension of urban resilience involves the city's ability to mitigate and adapt to 
environmental risks and challenges such as natural disasters, climate change, and pollution. It 
includes the preservation of green spaces, sustainable land use planning, measures to protect air 
and water quality, preserving and restoring natural ecosystems, implementing sustainable resource 
management practices, and reducing environmental risks to enhance a city's overall resilience to 
environmental stressors (Sharifi & Yamagata, 2014; Spaans & Waterhout, 2017; Tyler & Moench, 
2012). 

• Economic dimension 

The economic dimension of urban resilience focuses on the financial stability and adaptive capacity 
of cities in the face of economic shocks and disruptions. It includes strategies for economic 
diversification, job creation, and investment in resilient business practices, aiming to build a robust 
economy that can withstand and recover from economic downturns and crises (Desouza & Flanery, 
2013; Sharifi & Yamagata, 2014; Spaans & Waterhout, 2017; Tyler et al., 2016) 

• Social dimension 

The social dimension underscores the importance of community cohesion, social equity, and 
inclusivity in building resilient cities. It involves fostering strong social networks, promoting 
community engagement, and addressing social disparities to ensure that all segments of the 
population can effectively cope with and recover from social and economic challenges (Ahern, 
2011; Allan & Bryant, 2011; Desouza & Flanery, 2013; Sharifi & Yamagata, 2014; Spaans & 
Waterhout, 2017; Tyler et al., 2016) 

• Institutional dimension 

The institutional dimension of urban resilience revolves around governance, policy frameworks, and 
institutional capacities. It assesses the effectiveness of urban governance structures, emergency 
response mechanisms, and regulatory frameworks in facilitating coordinated and efficient 
responses to crises and in enabling long-term resilience planning and implementation (Coaffee, 
2008; Desouza & Flanery, 2013; Leichenko, 2011; Sharifi & Yamagata, 2014; Spaans & Waterhout, 
2017; Tyler & Moench, 2012). 
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3. Catalogue of progress indicators for resilience 
measurement 
 

3.1 Selection criteria  
The evaluation of the resilience capacity is based on an interdisciplinary approach dealing with the 
literature review (n. 39 documents, 970 indicators). Starting with the taxonomy (Wp2), the catalogue of 
indicators is composed of a set or a series of indicators/indexes that can be used to evaluate the 
conditions of the built environment, and the environmental, economic, social and institutional 
characterisation of territories. In fact, considering each of the disciplines involved, the topic of 
resilience capacity evaluation is quite complex: there are different indicators for different “taxonomy 
field”, and diverse goals and types of applications. The method can focus on many other dimensions of 
the resilience capacity of a socio-ecological system, using one of the possible assessment/evaluation 
techniques (from qualitative to quantitative one). The set of indicators/indexes can be used for 
“interpreting” the state of art or the possible transformation scenario, and monitoring and measuring 
conditions and processes.  

Besides the indicators/indexes can be used to “evaluate the resilience functions”, quantifying the 
condition, considering the processes and the human and institutional actions/policies and their effects 
on territorial resilience; the objective is to evaluate the resilience capacity to define policy at territorial 
scale, and on the local scale and the district scale. This kind of indicators or indexes can be applied to 
orient specific “resilience capacities/functions”, supporting policy actions. All these functions are well 
represented in the phases of the SEA process: screening, scoping, monitoring.  

However, “A compatible set of indicators may be difficult to achieve and, frequently, the assessment 
process may reveal inconsistencies” (Fischer, 2007, p. 40).  

The following catalogue shows a full list of the indicators/indexes proposed for each profile of conditions 
of the built environment, and the environmental, economic, social and institutional conditions of 
territories.  

The choice of suitable indicators/indexes from the catalogue may vary based on the local conditions of 
each case studies/POC. Still, the choice also depends on:  

1. the type of application, from assessment of the actual resilience capacity – the state of the art 
– to the evaluation of the possible scenario of transformation related to planning aims or to 
diverse institutional policies.  

2. the characteristics of the territory and the conditions of the built environment, and the 
environmental, economic, social and institutional conditions and the relevant territorial risks 
and vulnerabilities.  

3. the presence of existing and/or implemented databases to have a good level of 
transferability.  
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The territorial conditions that we will measure should be applied at district scale, but to contribute to 
policy indication/policy design the evaluation and the catalogue should be flexible, and it can be used 
at different levels, from region to local, which correspond to the two levels for processing territorial 
policies and plans. 

 

3.2 Indicators proposal 
 This refined set of indicators will serve as a valuable tool for 
assessing and improving the resilience of urban areas in 
different contexts. 

Starting from the 39 papers included in the literature review 
database, 970 indicators were collected and analysed, 
gathering for each of them the following information, when 
available: indicator name and possible sub-indicators, 
resilience dimension, direction (positive/negative), formula, 
unit of measure, definition, references. 

Indicators with similar meanings were grouped to easily find 
redundancies and eliminate duplicates. While indicators can 
share similar concepts, they can be described with different 
wording, units or equations. For example, indicators such as 
'permeable surfaces' and 'imperviousness' represent the 
same concept but are described in opposite directions 
(positive/negative). 

Then, this extensive set of indicators underwent a group 
discussion and review. The various information were 
harmonized to create a unified version for each indicator that 
best suits the final goal of measuring resilience. It is 
important to note that the indicators derived from the 
literature review served as the basis for this process but have 
been extensively modified and refined for the final version of 
the catalogue. In addition, indicators that were considered 
irrelevant to the research objectives were excluded. 

This process led to a more manageable and reasonable set of 
87 indicators. However, it became clear that some topics 
were under-represented or missing, needing additional 
integration to the catalogue. To fill these gaps, 21 additional 
indicators were included, drawing from the expertise of the 
research group members, their knowledge and their past and 
ongoing experience, resulting in a comprehensive catalogue 
of 108 indicators. 

The following attributes describe each indicator: 
Figure 5. Process of selection 
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• Resilience dimension: The dimensions of resilience addressed by the indicator. These include 
environmental, built environment, social, economic and institutional dimensions. A single 
indicator can cover one or more dimensions. 

• Topic: Thematic categories including buildings, cooperation, demography, ecosystem services, 
emergency, heritage, income, infrastructure and networks, land use, landscape, natural/green 
spaces, planning and programming, pollution, resources/resource consumption, and services. 

• Definition: A short explanation of the indicator. 
• Frequency: The occurrence of the indicator in the analysed literature. 
• Source ID: Identification number of the source from the literature database. 
• Direction: Whether the indicator has a positive or negative effect on resilience. 
• Formula: The mathematical representation, when possible. 
• Unit of measurement: The unit in which the indicator is measured. 
• Minimum Territorial Scale: The smallest geographical unit for which the indicator is meaningful. 

At this stage, a selection was made based on the relevance, calculability, and spatial applicability of the 
indicators. The following exclusion criteria were applied: 

1. Not aligned with an urban resilience-focused evaluation: Indicators related to risk, vulnerability 
assessment, or sustainability rather than resilience; 

2. Not relevant at the district scale: Indicators not meaningful at the district level, but at smaller or 
bigger scales; 

3. Difficult to spatially represent: Indicators that cannot be easily mapped (with GIS); 
4. Data not readily available at the district scale: Indicators without consistent data sources for a 

district-level application. 

The application of these selection criteria led to a refined version of catalogue, composed of 76 
indicators, comprising 60 indicators drawn from the Scopus literature review and 16 additional 
indicators. 
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Figure 5. Indicators in the Refined catalogue, in the Selected Catalogue and Integrations, classified by topic 
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Figure 7. Indicators grouped by Dimensions
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Figure 8. Indicators grouped by Topic 
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Table 1. Selected Catalogue



   

 
 
 

20 
 



   

 
 
 

21 
 



   

 
 
 

22 
 



   

 
 
 

23 
 



   

 
 
 

24 
 



   

 
 
 

25 
 



   

 
 
 

26 
 



   

 
 
 

27 
 



   

 
 
 

28 
 

 



   

 
 
 

29 
 



   

 
 
 

30 
 



   

 
 
 

31 
 

 



   

 
 
 

32 
 

3.3 Considerations 

While the initial set of indicators derived from the literature database provides a valuable 
foundation, its focus on Scopus-indexed literature limits its ability to capture the unique 
features of a particular place. Resilience is inherently place-based and site specific.  
Therefore, the current indicator distribution suffers from an imbalance. Key aspects like 
heritage and culture, crucial for a territory's resilience, are significantly underrepresented. 
For a more comprehensive evaluation, this catalogue should be expanded to include diverse 
sources beyond Scopus, including grey literature, institutional documents, publications from 
relevant non-indexed journals, findings from previous research projects in the area, and local 
databases.  
Beyond selecting the indicators themselves, a crucial step involves comparing them to data 
availability and reference scale. This ensures they align with the specific application and 
intended policy objectives. 
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