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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 interestin resilience among planners and researchers (Davoudi et al., 2012). The rising
prominence of urbanresilience 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

5
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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.



WU Finanziato #5% Ministero .
SRl dall'Unione europea ( 5 dell’Universita l Italiadomani
ki NextGenerationEU a5i&> a della Ricerca " PIANG NAZIONALE

DI RIFPRESA E RESILIENZA

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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SEARCH 1

Records identified on Scopus database based on
keywords:

“urban resilience” and (indicator* OR index)
n=477

Research string refinment:

(TITLE-ABS-KEY ( "urban resilience” AND ( indicator* OR index ) )
AND AUTHKEY ( evaluation OR assessment OR measurement OR
indicator* OR index ) AND NOT KEY ( "risk assessment” OR "ha-
zard nent” OR "vul bility ment” ) ) AND PUBYE-
AR >2013 AND PUBYEAR < 2025 AND ( LIMIT-TO (DOCTYPE, "ch"
) OR LIMIT-TO ( DOCTYPE , "bk" ) OR LIMIT-TO ( DOCTYPE , "ar"))
AND ( LIMIT-TO ( SUBJAREA , "ENVI" ) OR LIMIT-TO ( SUBJAREA ,
"SOCI") OR LIMIT-TO ( SUBJAREA , "ENGI" ) OR LIMIT-TO ( SUBJA-
REA , "ENER" ) OR LIMIT-TO ( SUBJAREA , "EART" ) OR LIMIT-TO (
SUBJAREA , "AGRI" ) OR LIMIT-TO ( SUBJAREA , "MULT" ) ) AND (
LIMIT-TO ( LANGUAGE , "English” ) )

n=94

Records, with a DOI, after removing duplicates
n=141

Full texts assessed for eligibility
n=71

Question applied for eligibility:
Does the paper contains indicators for urban
reslience assessment?

Full texts included for the review
n=39
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Records identified on Scopus database based on
keywords:

“urban resilience” and (evaluation OR assessment
OR measurement )

n=773

Research string refinment:

( TITLE-ABS-KEY ( "urban resilience” AND ( indicator* OR index ) )
AND AUTHKEY ( evaluation OR assessment OR measurement OR
indicator* OR index ) AND NOT KEY ( "risk assessment” OR "ha-
zard assessment” OR "vulnerability assessment” ) ) AND PUBYE-
AR > 2013 AND PUBYEAR < 2025 AND ( LIMIT-TO ( DOCTYPE , "ch"
) OR LIMIT-TO ( DOCTYPE , "bk" ) OR LIMIT-TO ( DOCTYPE , "ar"))
AND ( LIMIT-TO ( SUBJAREA , "ENVI" ) OR LIMIT-TO ( SUBJAREA ,
“SOCI") OR LIMIT-TO ( SUBJAREA , "ENGI" ) OR LIMIT-TO ( SUBJA-
REA , "ENER" ) OR LIMIT-TO ( SUBJAREA , "EART" ) OR LIMIT-TO (
SUBJAREA , "AGRI" ) OR LIMIT-TO ( SUBJAREA , "MULT" ) ) AND (
LIMIT-TO ( LANGUAGE , "English" ) )

n=127

Excluded - Records that are not included in both
searches

n=70

Excluded
n=32

Figure 1. Literature review workflow



Finanziato Ministero .
dall'Unione europea dell’Universita ".l [taliadomani
NextGenerationEU e della Ricerca - AR ONE E enza

Barreiro).; Lopes R.; Ferreira F.; Matos J.5., 2021

Bayulken B.; Huisingh D.; Fisher P.M.J,, 2021
CaoF.;XuX.;ZhangC.; KongW., 2023
Chenl.;MaH.;Yang5.; ZhouZ.; Huang).; Chen L., 2023
ChenX.-L.;YuL-X.; LinW.-D.; YangF.-Q.;LiY.-P.; Tao).; Cheng §., 2023
Delgado-Ramos G.C.; Guibrunet L., 2017

FengX.; XiuC.; BaiL.; Zhong¥.; Wei Y., 2020

FuX.: Hopton M.E.; Wang X., 2021

FuX.;WangX., 2018

GaberR.M.; El-Kader M.Hu.; Okba E.M., 2022

HuangH.; Zhou S.; WangW_;LiR.; QinT.; YuF.,2023
JiaoL.;WangL.; Lu H.; FanY.; Zhang¥.; Wu., 2023

Khatibi H.; Wilkinson 5.; Sweya L.N.; Baghersad M.; Dianat H., 2024
Kim D.; Song 5.-K., 2018

LinY.;PengC.; ChenP.; Zhang M.,2022

LinY.; PengC.; Shul.; ZhaiW.; Chengl. 2022

LiuW.; Zhoul.; LiX.; ZhengH.; LiuY., 2024
LiuY.;LiuW.:LinY.; Zhang ¥.; ZhouJ.: WeiB.; NieG.; Gross L., 2023
Mitrovic 5.; Vasiljevic M.; Pjanovic B.; Dabovic T., 2023

Mu X.; FangC.; YangZ., 2022

Marieswari L.; Sitorus 5.R.P.; Hardjomidjojo H.; Putri E.LLK_, 2022
Qliveira B.; Fath B.D., 2023

Salazar-LlanoL.; Rosas-Casals M.; Ortego M.I., 2019
SebestyénV.; Trajer A).; DomokosE.; Torma A ; Abonyi )., 2024
ShakerR.R.; Aversal.; PappV.; Serre B.M.; Mackay B.R., 2020
Sharma 5.; Kumar5.; Singh A., 2023

ShiC.; GuoN.; GaoX.; WuF., 2022

Suarez M.; Rieiro-Diaz A.M.; Alba D.;
Langemeyer).; Gomez-Baggethun E. ; Ametzaga-Arregil., 2024
Tuminil.; Villagra-lslas P.; Herrmann-Lunecke G., 2017

WangH.; LiuZ.; ZhouY., 2023

Wangl.; Foley K., 2021

WangK.-F.; Lin5.-W.; ChenY.-H., 2023
Wangs.; PalazzoE., 2021

WangX.; WangC.; Shil., 2021

WuP_;Duan@Q.; Zhoul.; Wu Q.; Deveci M., 2023
YangT.; WangL., 2024

Zhang).; Yang X.; LuD., 2023

ZhangM.; Yang¥.; LiH.; van Dijk M_P., 2020
ZhaoR.;FangC.; Liul.; ZhangL., 2022
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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).

Grey infrastructure -------- Built enviroment

Hard infrastructure Green infrastructure -

\

Infrastructure Blue infrastructure ——;‘:f—— Environment
Soft infrastructure /,”’
(services) /!
Nonhuman -~ >
Population emTTTTITT Society
Human :::::::::::::::::::/ Hybrid
N\ I Institutions

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 & Gongalves, 2019):

e 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)

e Fnvironmental dimension

11
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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).

e Fconomic dimension

The economic dimension of urbanresilience 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)

e Socialdimension

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)

e [nstitutional 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).

12



WU Finanziato #5% Ministero .
S dall'Unione europea ( 5 dell’Universita l Italiadomani
- “2¢+ edella Ricerca -

* NextGenerationEU Gy PIAND NAZIONALE

DI RIFPRESA E RESILIENZA

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.

13
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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
indicator name and possible sub-indicators,
resilience dimension, direction (positive/negative), formula,

available:

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:

literature review database:

39 papers

Collection of indicators and relative informations

970
indicators

Grouping into thematic groups, esclusion of
redaundant indicators, harmonization of
informations

Group discussion and review:
refinement of a unified version for each indicator,
exclusion of clearly irrelevavnt indicators

80
indicators

Identification of underrepresented topics

Integration of attitional indicators based on the
expertise of the review group members

+ 27 indicators added

127
indicators

Selection process:

- Is the inficator relevant for a resilience-focused
evaluation?

- Is the indicator meaningful at a district scale?
- Is the indicator easily spatially rapresentable?
- Is the data available detailed enough to work at
district level?

75
indicators

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 unitin 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;

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

Difficult to spatially represent: Indicators that cannot be easily mapped (with GIS);

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.

15
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Figure 5. Indicators in the Refined catalogue, in the Selected Catalogue and Integrations, classified by topic
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Indicator

- Businesses and retail establishments
Informal settlements at risk

Home ownership

Population density

Carbon Storage and Sequestration
Urban Cooling

Accommodation places
Emergency shelters

Evacuation routes

Fire and police stations

Warning and reporting systems
Histeric, cultural, and natural heritage assets and sites
Religious facilities

Cycling infrastructure

Density of sewers

Drainage system in built-up areas
Public transportation

Public water fountains

Walkability Index

Waterlogging

Land use diversity
Imperviousness

Public Urban Trees

Hospitals and health centers
Market Area

Proximity Index

Proximity to hospitals

Public and Affiliated Educational facilities
Public libraries

Public or affiliated sports facilities
Brownfield sites

Renovation of public buildings
Beds in Affiliated student housing

Erosion Mitigation

Wood production

Land take

Urban transformation zones

Air quality improvement

Habitat quality

Recreation opportunities

Urban Stormwater Retention
Water Availability

Water Yield

Landscape fragmentation
Shannon diversity index-SHDI
Forest cover

Green coverage (natural and seminatural areas)
Green urban spaces

NDVI

Protected areas

Tree cover density

Wetland areas

Air pollution

Water pollution

Local Agricultural Production Area
Accessibility to green urban spaces
Crop Pollination(Pollinator Abundance)
Crop production

Nutrient Retention

Disaster defensive infrastructure
Land capability

Ecological functionality

Elements of the ecological network
Local Associations

Natural growth

Population with higher education
Unemployment Rate

Trained population

Housing prices

Social allowance

Social assistance

Collaboration pacts

NEET

Access to the Highway

Plans and Strategies for CCA & DRR
Beds in health institutions

General practitioners

Dimesion

Buil environment
37

Environmental
39

Social
27

Economic
7

Institutional
27

Figure 7. Indicators grouped by Dimensions
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Public transportation
Public water fountains
Walkability Index
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Land use diversity
Land capability
Land take
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Shannon diversity index-SHDI(Landscape diversity metric)
Forest cover
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Figure 8. Indicators grouped by Topic
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5| €18 -] . Definition Direction Formula
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Zl 2 £
3
@ W
Density of buildings within a N=Z
selected area expressed with £
Building . the Floor area ratio (ratio of a A N =floor area ratio (building density) oo
X 1 ; Buildings fii 2 97,182 | negative | A, = total floorarea ofthe building (the % sub-district
density building's total floor area to sum of all floor spaces in the building)
the size of land upon which it Ac = the size of the parcel upon which the
. 4 building is constructed
is built)
Concentration of sales
Businesses facilities - categorized by 5
i feog i 2 . 4 i - N = business and retail establishments unit/10,000 —_
X 2 and retail Buildings size when possible - in 2 Positive | s pumberof sales facilities in the selcted inh district
establishments relation to the resident area .
= P = total population in the selected area
population
il
36
Energy
i Energy efficiency of the : N = energy performance v
X 3 | performance Buildings . gy e 4 1 30 postive O a,,,,,ﬁ,pﬂ,””mu,,,,a appliance % sub-district
_— existing building stock B rhudals
of buildings delivers per unit area, per year
C = amount of energy it consumes to
deliver this output per unit area per year
N=t
Surface occupied by A
informal informal settlements
X 4 | settlements at Buildings ) ) 2 30,179 | negative N = informal settlements at risk % district
. (nomadic camps, illegal A, = area occupied by informal
risk e 2 settlements in high risk area
camps...) in high-risk areas A, = total surface of the selected area
A
ne%
Major accident Presence of estabilishments €
x| x 5 hazard Buildings that fall into the Seveso-lIl 1 187 negative | N =majoraccident hazard establishment % urban
5 LI A rface of the Seveso zone
establishments EU Directive A¢= total surface of the selected area
Percentage of buildings A
completed after 1971, the L
Buildings year when the seismic safety . ’
i i ? N = proportion of buildings built after o
X 6 | completed after Buildings law was enacted in Italy, 2 58,214 | notdefined | ;999 % sub-district
1971 compared to the overall Ar = area occupied by buildings built
S 3 after 1980
building stock in a selected A, = tortal area of the building stock
area.
n=2
A
¢ w2 g Proportion of industrial areas : roportion of industrial area 5
X 7 | Industrial area Buildings Withiidsalbotad aea 1 187 notdefined | & o0 orsurface of factories in the % district
selected area
A, = total surface of the selected area
&
Local Number and location of . N=local associations unit/10,000
X 8 Collaboration C2ES 2 173,214 ositive e 3] ascociations i , sub-district
Associations active local associations B L= auaber.orlocal assodiations n'the inh.
selcted area
P = total population in the selected area
Proportion of individuals who!
have been officially
Cetified recognized and documented
X 9 SrNA Demography as having a disability by 2 179,214 | notdefined | N = certified disabilities % sub-district
disabilities rolovant S ARortos D= inhabitants with certified disabilities
. R= total population in the selected area
compared to the population
of a selected area
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3w e
o
Proportion of households 0
that own their residence Ny
h ren
X X 10 Home - Demography compared oy 088 who rent 4 128, positive N = home ownership % district
ownership or occupy their homes 179,214 0= number of home-owning households
through other means within a H=tonlaumbeprhotseholds
selected area
]
"R
- L Proportion of the population
Minimum living A ey 4 N=minimum living standard iy
X x| 11 standard Demography [ receiving the minimum wage 1 149 negative M= number of inhabitants receiving % sub-district
in the ci minimum wage
v \w = total working-age population
Jifference between the
number of births and the
number of deaths in a given W LT3
; i 37,48, 86,
opulation over a specific S o N = Natural Growth or Natural Increase i
X 12 | Naturalgrowth | Demography pop . P 7 100, 120, positive latic e count district
period. It measures the FPopalation (NIE)
o 177,214, CBR= Crude Birth Rate
organic increase or decrease CDR= Crude Death Rate
in population size, excluding
11,30,31, P
64,97, N
" - 100, 103,
Population Number of resident people i
x x 13 P s Demography K HeR0 14 120,126, | negative N = density of resident population unit/km? | sub-district
density per unit of area 149,173 inhabitants in the selected area
4 & A= total surface of selected area
182,191,
214
wot
B
Population with Proportion of the population 58, 64, 97, ’ B .
a4 T IATR iti N = population with higher education -distri
X 14 higherecicatian Demography with higher education 214 POSItiVe | 1 nhabitants with higher education % sub-district
P = total population in the selected area
3 s U
Number of beds in various 36, 37,48, N=%
Unamploymant medical and health 65'76:’226'
g s f 3 : N = unemployment rate
X 15 Rate Demography | institutions compared to the 14 131,149, negative U= number of urban registered % urban
resident population whithin a 152,173 unemployed
selected area 3 77’ 214’ P= total population in the selected area
Hourly amount of pollution
removed by the urban forest,
and associated percent air
quality improvement Based on the]
Air quality Ecosystem throughout a year. Pollution 9, 21,150, = Based on the chosen evaluation chosen f X
X 168 | 2 " 3 positive " district
improvement services removal is calculated for 223 model evaluation
ozone, sulfur dioxide, model
nitrogen dioxide, carbon
monoxide and particulate
matter 2.5 (<2.5 microns).
Amount of carbon retained in Based on the]
Carbon Storage R a 5
Ecosystem ecosystems, primarily in 9,44,178, - Based on the chosen evaluation chosen —
x| x 17 and s § 3 3 positive $ sub-district
Sediiestration services vegetation, soils, and 216 model evaluation
a wetlands model
This supporting ecosystem BaseHERTHS
service assesses the quali 1 .
& - Ecosystem quality 21,44, 3 Based on the chosen evaluation chosen o
X 18 | Habitat quality . of natural ecosystems for 3 150, 216, positive . district
services MEE i 5 217 model evaluation
maintaining biological and Fiodat
genetic diversity on Earth
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3w
o
Predictions on the spread of
person-days of recreation, Bassdioriite
based on the locations of .
Recreation Ecosystem 2 S5 Based on the chosen evaluation chosen g
x| x 19 e 3 natural habitats and other 1 44,217 positive . district
opportunities services ; model evaluation
features that factor into —
people’s decisions about
where to recreate
Heat mitigation based on
shade, evapotranspiration, Basediohthe
albedo, and distance from .
’ Ecosystem s 3 ‘ o Based on the chosen evaluation chosen e
x| x| x 20 | Urban Cooling A coolingislands. The index is 1 21,216 | positive : sub-district
services issH o sstmETe s model evaluation
model
temperature reduction by
vegetation
Provides information on two gassdenine
Urban ES related to stormwater ¢
Ecosystem 21,36, o5 Based on the chosen evaluation chosen %
X 21 Stormwater A management: runoff 3 positive . sub-district
services 2 150, 217 model evaluation
Retention retention, and groundwater frodel
recharge
This is a regulation
ecosystem service provided
by aquatic and terrestrial BaSad 6N th
€
ecosystems, which filter and R
Water Ecosystem " 21,44, o Based on the chosen evaluation chosen
X 22 : decompose organic waste 2 positive . urban
Availability services s 217 model evaluation
entering inland waters and model
coastal/marine ecosystems,
thus contributing to potable
water supply
Estimates the relative Bhesiioniha
contributions of water from <
. Ecosystem . 21,150, - Based on the chosen evaluation chosen L
X 23 Water Yield 4 different parts of a 2 positive 5 district
services 216 model evaluation
landscape (Annual or wodel
seasonal water yield)
N=a
11,48, 62, P
. Presence of accomodation 86,1 o . .
Accommodation 100, o N=Adaccomodation places unit/1'000
X X 24 1 Emergency | places (hotels, hostels, B&B, 1 103, 120, positive P = number of accomodation places ok urban
paces etc.) 149,152, (hotels, hostels, B&B... inh.
E P = total population in the selected area
173,214 Pop!
N=D
Eriergency Number of doctors, nurse i)
R N=emergengy medical treatment
wedical anche technicians, pability
X x| 25 Emergency specifically intended for 1 175 positive D= number of doctors, nurses and count urban
treatment ik toni technicians, specifically intended for
capability emergency intervention in emergency intervention in the
the selected area selected area
Temporary housing facilities N= %
established to provide refuge 11,31, 36,
Emergency P . = emergency shelters s
X X x| 26 dhattars Emergency and support for individuals 7 126,175, positive apm,[y”,.’m"pomylmm”g unit/inh. urban
and families during 187,191 units available
emergencies P= total population of the selected
—
Designated routes planned A
Evacuation to safely guide individuals . — ) e o
X x |27 Emergency 2 31,36 positive N=evacuation routes km/km' district
routes away from danger zones L= lenght of evacuation routes
during emergencies A= total surface of the selected area
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s
N=F
Fire and police Presence of fire departement 36,58, . N = fire and police station P
X X x |28 5 Emergency & R i 4 biE e positive S=sum of fire and police department count district
stations station and police station 3 station in the selected area
P= total populaiton of the selected area
Number of public
administration (e.g. v=E
municipality) employees P
Public dedicated to managing N= public administration personnel count/1,000
X x | 29 | Administration Emergency administrative functions 2 58,97 positive ﬁ;;)‘;zi’:‘g'”f"”l””"d"””"""””" inh $ urban
Personnel across critical areas (such as’ P = total populaiton in the selected area '
health, safety, urban
planning, and disaster
management)
it
Total amount of water P
consumed by both the = i
Trained § y - N= trained population count/1,000
X x| 30 N Emergency |resident population and non- 2 36,179 positive §= number of inhabitants who have . urban
population identsi lected attended safety courses inh.
residents in a selected area P= total population in the selected area
during a year
i W
Precence of warning and 4
Warning and reporting systems/hazard 36,126, N=warning and reporting system
" : ot ; i W= number of warning and reporting . 2
X 5 175,179,
X X x| 31 reporting Emergency | prediction capefble of helpin positive systems/hazard prediction able to help unit/km urban
systems the managing of the 214 manage the emergency
emergence A= total surface of the selected area
Number of sites and n
buildings of historical,
artistic, cultural or natural
interest that define a ‘= number of sites and buildings of
S 4 historical, artistic, cultural
community's heritage, such or natural inter
Histori as: assets with natural w = number ofassets with natural
istoric, < 3 . beauty, geological singularity or historica
culturel. and beauty, geological singularity Ji‘l&lﬁ:& s Lo
X | x 32 Heritage or historical memory 2 positive villas and any historic parks; buildings count sub-district
natural heritage e —— bﬂszez(:, on :‘z/.-.a/ezr{wtzrv:f/ld‘zl.:i.diﬁanfl value,
assets and sites including historic centers; panoramic
trees); villas and any historic beauties and viewpoints.
B e = total rof the element: z
parks; buildings of aesthetic n= total number of the elements consider
and traditional value,
including historic centers;
panoramic beauties and
viewpoints.
R
N=p
Religious " Presence of religious . N=religious facilities unit/10,000 sy 2
X X x| 33 b Heritage - S 2 58,120 positive number of religious facilities N sub-district
facilities facilities/services = total population in the selected area inh.
11,37,48, N=t
62,64, 86, N= disposable income
90,97, I=net income per capita
Disposable Urban disposable income 100, 103, - .
X 34 5 Income L 17 positive €/inh. urban
income per capita 131,149,
152,173,
177,191,
214
N =GDP
37.48.90.1 N=Gross Domestic Product:
x| 35 GDP Income Gross domestic product 5 RO positive GDP= Consumption + Investment + € regional
03,191 Government Spending + Net Exports
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3| w =
[
11,37.48.6| N = GDP per capita
5 2,86,97,10 ctic
x Gross domestic product per AT . Groos Domestic Product: ) )
X | 36 | GDP - per capita Income x P! P 13 0,131,149,/  positive GDP= Consumption + Investment + €/inh. regional
capita 173,177.1 Government Spending + Net Exports
91,214
N=P
Market value of housing
seean . % N= housing prices
= - roperties in the residential e = i 5 Biass
X 37 | Housing prices Income pisH L 1 121 positive P = average price per square meter €/m? sub-district
sector for each territorial referring to residantial buildings
zone
T
M=l
P
Local tax per Amount of local tax per 36,37,48,5 N=local tax per capit
,37,48, . = tax per capita ”
x| 38 capita Income Sabita 6 8,62, 152| novdefined | 7= o ot different form of taxes €/inh. urban
P= total population of the selected area
Z
N5
Aocessiviiet | Intastructures Population living within a e ccess to the highway
x| 39 ¢ specified distance from a 3 “ .| positive A= gumber of nhalitonts within g % district
Highway and network X 3 173 specified distance from a highway
highway entrance or exit access
P = total population in the selected area
e
a
. Extent of bike lanes and o
Cycling Infrastructures g o N=cycling infrastructure . o
X 40 infrastivetiite? || SncnetweHe shared paths within a 1 30 positive L = lenght of bike lanes in the selected km/km sub-district
selected area ared.
A = surface of the selected area
5
e
Density of Infrastructures | Surface covered by sewers e lensity of sewers in buit-up area ok
x| x x| 4 1 1 positive rea covered by sewers network % district
sewers and network system over the total area y
Y A= total surface of the selected area
D
N=—
. ’ 37,48, 58, i : ;
Drainage system| Infrastructures | Surface covered by drainage - N= drainage system in buit-up areas -
x| x X | 4 i K d . h L 6 86,173, positive D= area covered by drainage system % district
n built-up areas| and networl system over the total area 187 i polal Sirficd of th Salachid area
- 5 N
Density of fixed phone users N= P
e fo lw'(lh'"j Selehc’ed ar:a : N= fixed-line phones
ixed-line nfrastructures | calculated as the number o " N=number of fixed phone connections -
X x| 43 3 3 2 126,173 |to be defined| ,_ oI th selecred i unit/inh. urban
phones and network fixed phone connections P=total population in the selected area
relative to the total resident
population
Proportion of area served b 3
. Infrastructures D v 86,97, . N=gas penetration
X X | 44 | Gas penetration a natural gas supply network 4 173,214 to be defined area covered by gas network % urban
and network S ihatotaLarea h A= total surface of the selected area
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g w
Area thatis served b
Infrastructures " Y 11,38, 48, » N= Internet users
X X x | 45| Internetusers B e broadband internet 74 152, 62, positive rea covered by broadband Internet % urban
Wi R service
100,214
infrastructure A= total surface of the selected area
K
Nez
g : 64,103,
Proportion of mobile phone Bl - . .
< Infrastructures P 2 P 152,173, s N=mobile phones unit/10,000
X X 46 | Mobile phones users to the resident 8 a7.48,97,| Positive N= number of mobile phone users X urban
and network population 148,97, P= total population in the selected area inh.
214
.
A4
" " N= parkings
Infrastructures | Proportion of parking area PAnIRgs .
" % 47 Parkings P paridng 2 30,120 | positive surface of parkings in the selected area % sub-district
and network over the selected area A= total surface of the selected area
Distribution and
concentration of public
transport supply, availability
x| a8 Public Infrastructures and number of public 5 118’:29’764‘ oositive Kernel Density formula it subeSiatios
X X ,97, unit/m -
transportation | and network transport stops, 100,173
encompassing various
modes of transportation
(buses, trains, trams, etc.)
Public water | Infrastructures Distdbution and
x | 49 — T — concentration of publicly 1 120 positive Kernel Density formula unit/m? sub-district
u 1 and networl Z S
accessible water fountains
R
Proportion of land allocated L5 A
to roads (including urban
Infrastructures _( e - N=road area e
x | 50 Road area streets, highways, and other 2 86,126 positive R=area covered by roads % district
and network transpartation pathways) A= total surface of the selected area
over the total area
It measures the level of ’
A 2 PR Formula depends on the variables . %
Walkability Infrastructures | mobility and accessibility for 31,121, o 3 i . adimension P
51 _ < 3 positive considered, which vary according sub-district
Index and network pedestrians in a selected 182 ” al
S to each specific case
P
i A
Proportion of area that has
- . ,30,37, .
Water service | Infrastructures | access to a reliable and 11.30,3 - yFacer service coverage
52 . o F/ 48, 86,97, positive area covered by urban water % urban
coverage and network | sufficient supply of drinking 215 service
water for basic needs A= total surface of the selected area
4
Proportion of areas that are 4
s Infrastructures rone of excessive 7 waterlogging T
53| Waterlogging P ) 1 28 negative area at waterlogging risk % sub-district
and network | accumulation of water over A= toba] siinfacs of the selected ardd
the total area
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@ w
H Z pi Ln pi
=t
Land use Variety and mixture of . or adimension o
x| x 54 , ; Land use 5 i 2 21,150 positive Pi = (number of polygons of “i" land use sub-district
diversity different types of land uses classes/ (total number of polygons S) al
s
Tray
| pwi-1 53
Degree to which the =1
Landscape landscape impedes 3 = visi o adimension o s
X 55 P Landscape pelivpet 1 178,222 | negative LDI= Landscape Diviston Index sub-district
= 3
fragmentation movement among different a; = area of the fii-th patch al
patches = total landscape area
It measures the uniformity of s
Shannon different land use patches = z:ﬁ Lnpi
diversity index- within a landscape structure. i . .
; 121,178, o Pi = (number of polygons of “i" patches | @dimension ek
X 56 SHDI Landscape |The higher the value of H, the 3 positive POYgoBS OF 4 I sub-district
: e 36,222 / (total number of polygons ) al
(Landscape higher the diversity of
diversity metric) species in a particular
community
ik
4
Natural/green | Proportion of forest coverage 37,48, - = - s
X x | 57| Forestcover € P e 3 positive & {f’mtm_m % sub-district
spaces over the total area 214 forest area
total surface of the selected area
L
¥=a
Green coverage s
(natural and Natural/green Proportion of green covered 55,0868 N= natural and seminatural areas
148,58, s urface of Land use/Land cover o
X 58 p— spaces areas (natural and 5 126,173 positive clissesrelatad ionaturiland % sub-district
seminatural) over the area seminatural areas in the selected area
areas) A= total surface of the selected area
N 8
Lot area occupied by green r
30,37, 48,
Green urban Natural/green | urban spaces compared to e N=green urban spaces 2
X x | 59 " ” 6 126, 149, ositive 2 — cintha m~/inh. sub-district
spaces spaces the resident population 173 P mﬂ’x}‘;"_:g-""" urhan spacesinthe
whithin a selected area P=total population in the selected area
1
¥
Proportion of impermeable
) Natural/green | surfaces that prevents the 36,44,149, . Rl —
X |x 60 | Imperviousness S 2 4 negative I=impermeable areas % sub-district
spaces infiltration of water into the 178 A= total surface of the selected area
ground, over the total area
NIR — Red
Normalized difference T NIR T Red
vegetation Index. It provides
Natural/green informations on the 100, 177, N= Normalised Diference Vegemtion adimension
% 61 NDVI i 3 177 positive Index, where Red and NIR stand for the sub-district
spaces presence and condition of 182 spectral reflectance measurements al
¢ E acquired in the red (visible) and near-
vegetation on the Earth's infrared regions, respectively
surface
P
N=3
1 N= protected areas
Natural/green Eraportionof frotected s P= surface of the protected areas -
X X | 62 | Protected areas siiacos areas sourface over the total 1 30 positive A= total surface of the selected area % district
area
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o w
T
=3
The ratio of publicly
Public Urban | Natural/green | managed urban trees to the e N=public urban trees . X o
XX 63 T L O 1 120 positive umber of public urban trees unit/100 inh.| sub-district
rees spaces total population in the P=population in the selected area
selected area
w=E
A
Proportion of ground area = tre it
Natural/green P g . g, !lwcnvcrn{xm{ . o
X 64 Tree cover covered by the canopy of 2 9,173 positive ZAICECONeTed o) Sescandples % sub-district
spaces Gass A= total surface of the selected area
L
A
Natural/green | Proportion of wetland areas 2 e i o
X x | 65| Wetland areas b P 2 28,214 positive Ne=ywetland ares matio % district
spaces over the total area W= surface of wetland
A= total surface of the selected area
N=X
Plans and Planning and Disastermanggemett ) Ne= plans and strategues for CCA & DDR
x | 66 | Strategies for rogramming /Resilience/CCA plans or 2 36,126 positive P=number of plans or strategies in the count urban
cca&DRR | P strategies selected area
Proportion of investment in B =1yGEE
Investmentin geohazard prevention and N=investment in geohazard
i o N " 1= investments in hazard prevention,
AP pn_zventilon, Planning a_nd control, mnovuv»e 5 126,214 | positive lariovsR faehraes o oL o e
mitigation, programming technologies for risk assessment and mitigation systems
answer systems assessment, mitigation GDP= Gross Domestic Product
systems... Relative to GDP
Number of days with N=]
concentrations above the 11, 30, 37, W T
. 30,37, = air pollution
. ; 5 local norm or standard for 48,64,97, . /= number of days with g
X 68 Air pollution Pollution key criteria pollutants (NH, 9 149,152, negative mm.[,,m.a“o"“bw‘” ‘,,{(,,Hm,"m,m . days district
NOX, PM 2.5, PM 10,503 S standard for key criterion pollutants
X, -9, B L) ina
selected area.
Level of noise above EU S
standards: Lden>=55dB, ‘= noise pollution =
X 69 | Noise pollution Pollution 2 86,182 negative = 5 dB sub-district
p Lnight>=50dB in a selected € K= level of noise above EU standards
area
N=K
Number of days exceeding N=water pollution
” . Enviromental Quality . K= number of days exceeding L
X 70 | Water pollution Pollution Standards (water) in a 1 126 negative ﬁ,::,;:;,r,(.,,“,gm,,w Standards in the days district
selected area
B
30, 36, 48, P
Total consumption of natural
Energy Resources/ gas and ele’::tricity from 12;' !1;;’1 ey cnsunniion
x 7 ) Resources " : 14 + 5| negative | :E=ererzyconsumptionofthe toe*100inh.|  district
consumption SRR distribution networks in a 149,152, communily in the selected area in a
100, 187, Jear:
selected area Sidion P = total population in the selected area
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==
o| 8 - e
g HEIE RS Minimum
= El 8] § ~2 Resilience . N.of Source " " territorial
s 18| 2| 5 o Definition Direction Formula
&l e 3 | £ indicators Sources ID scale of
= 2 ul 2 significance
w
o
F
N=R
Local Resources / Proportion of land used for 5 2
N ) o 21,30, » N = local agricultural production area e
x| x 72 Agricultural Resources food production within a a4 131.214 positive rea used for food production % district
Production Area| consumption selected area. A= total surface of the selected area
R
) N=g
Propoprtion of energy
REfaWaBIE Resources / derived from renewable = renewable energy
e E= “onsumption of th o
x| x 73 i Resources sources as part of the total 2 36,149 positive mmf;’i%";"[‘;"z’z‘(’_’,;z;ﬂ; Bapesr % district
&y consumption | gross energy consumption in (expressed in kWh) that comes from
p p
renewable sources
aselected area E, = energy consumption of the
community in the selected area in a year
K
Total amount of water 30,36,48,6 =5
Wate Resources / consumed by both the 2,100,120,
) S i - " water consumption 2 & N
x| x 74 orstmIo Resources | resident population and non: 12 121,131, negative okl adiriint oF bt Eansited Vinh.*year district
consumption | residents in a selected area 173,187, P= total population in the selected area
during a year 25215
G
Vo
Acceasibllity.to !’ercentage of population » N= accessibility to green urban spaces -
x| x 75 green urban Services with access to a green urban 2 30,185 positive G=number of inhabitants living less % sub-district
than 300 m from green areas
spaces aroglessihanis00maway P= total population in the selected area
Number of beds in various N
medical 36, 62, 86,
. S N= beds in health institutions
< |7 Beds in health Semieas and health msmunf)ns 8 100, 103, Sasitive B famber o hed it hesleh onters GitTinh. GibaA
institutions compared to the resident 131,177, and in health insititution
population whithin a 191 P= total population in the selected area
selected area.
Total area dedicated to
equipped recreational and
- £
R sports facilities, regardless ==
Equipped s 8 N=p
x| x 77 recreational Services otwhethertheyare located 1 120 positive 2/inh sub-district
e L reati m*/inh. 5
within green spaces or urban *pqiipped prersaliunglane
area . " = sum of all equipped facility areas
settings, available for the R= total population in the selected area
population in a selected
area.
Number of general N=%
= 11,37,48, ;
General ractitioners compared to abing A unit/10,000
x| 78 ” Services P " P ) 7 100,131, | positive N=general practitioners X urban
practitioners the resident population 152,179 D=number of doctors inh.
i » = total population in the selected area
whithin a selected area & populat heselected
4
Lot area occupied by T2
tiospitis;and hospitals and health centers 11,173, N =haspltaland health centers
X x| 7 Services relative to the number of 3 positive H =lot area occupied by hospital and m?/inh. district
health centers R o 152 health
inhabitants whithin a e
A = total population in the selected area
selected area
M
Lotarea occupied by N=%
" markets compared to the o e s
X X 80| MarketArea Services 8 i T 1 120 positive N = marketarea m?/inh. district
resident population whithin a lot area occupie dby markets
selacted-area total population in the selected
area
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-
£l =
o| 8 - o
g £l = Minimum
= ElS -2 Resilience . N.of Source " " territorial
HEIRS ] ID A Definition Direction Formula
&l e 3 £ indicators Sources ID scale of
£ T 2 significance
@ w
s
N=Pli=o
Proximity and accessibility to|
e ) basic services, such as food threshold: | ¥ proxmityindex expressedasa -
x| x 81 | Proximity Index Services A 1 3 Ppercentage % sub-district
supply, education, health, value S= inhabitants near basic services
sport or cultural facilities R= total population in the selected area
N=T
The estimated time required - o Y
. . N = proximity to hospitals
Proximity to - to reach the nearest hospital 3 T=f;,,,5,,,ﬂ.§wm ,5‘.,[,, the nearest Pk s
X X x| 82 N Services L 3} 126 negative - = s sub-district
hospitals or health institution from the hospital
selected area.
£
Lot area occupied by public N=3%
Public and educational facilities (such T ———
s 58,97, = public and affiliated educationa.
X X 83 b Services as:5cHo0lS) collegssyand 5 120,179, | positive i m?/inh sub-district
Educational universities) relative to the 214 ¢=II ot area occupied by educational
i 2 s . facilities
facilities number of inhabitants in a P= total population in the selected area
selected area
L
VR
Lot area occupied by public
- . libraries relative to the - N = public libraries -
X X 84 | Public libraries Services finhabi = 1 58 positive lot area occupied by public libraries m?inh. sub-district
number of inhabitants in a R= total population in the selected area
selected area
s
N2
Lot area occupied by sport £
Fuplic or facilities reth' e tZ t:e N =publi ffiliated.
o < iliti v - = public or affiliated sport services . T
X X 85 | affiliated sports Services N y 5 1 120 positive S:/f:l.ired or(‘upiﬂlbyfpor[sﬂnu(cs m?/inh. sub-district
number of inhabitants in a po , & 2
= total population in the selected area
selected area
N
Proportion of population il allaianica
Social receiving income support 58,103, I= inhabitants receiving income support
x 86 Services 3 negative - hash % district
allowance from the government for 214 ® o basicoeeqeBontgurernmes,
P = total population in the selected area
basic needs
N
ocial assistance
Social 2 Proportion of population 64,126, e habitants receiving social Baget
> 4 87 A Services o e 2 a4 negative B & RRRA % district
assistance receiving social assistance 175,179 assistance
P=total population in the selected area
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s €
Q| = a 2. :
g £l 8 2 Resilience o N.of Source . _ territorial
| €] 8 ] 1D s Definition Direction Formula
Slela £ indicators Sources ID scale of
;—g H E significance
@ w
Surface and location of 5 B
unused, abandoned, or A
underutilized areas, N = brownfield sites
A <if Ririld . ; ; B= total area covered by bownfield sites ki
x| 88 sites typically previously used for | added negative | = 0 ectedarea % sub-district
industrial or commercial A = total surface of the selected area
purposes, which may have
potential for redevelopment
N=K
Number and location of PHBES
. N : N=renovati i ings
Renovation of i renovation interventions (e.g. i K= :,‘L,'L‘:;ng}',z,f:vﬂ',zﬂ‘,ﬁ ,:’5,’; s
X x | 89 . . Buildings o added positive count district
public buildings energy efficiency upgrades selecte area
...) of public buildings
N=K
Number and location of
. N= collaboration pacts
Collaboration collaborative agreements K= number of collaboration pacts in
X x| 90 S6te Collaboration | with citizens for the shared | added positive the selected area count district
B management of buildings,
schools, and public spaces
A
N=p
The number of the elderly
N = age dependency ratio
aged 65 years and over, per threshold | A=rnumber ofyounger than 15 and
X 91 Aging index Demography | 100 individuals younger than| added older than 64 count district
14 years old in the specific value (100) | p= total population in the selected area
population of a selected area
; H
Total number of available N=%
beds in student housing that g
—— is provided through :,,: ;;:;'nber of beds in affiliated student
x x x| 92 stud ntﬂl'llo sing Demography agreements between added positive H=number of beds in afliliated student % sub-district
ude u ; . housing
educational institutions and P= global surface of the selected area
housing providers (affiliated
or subsidized housing)
Proportion of Notin o
Education, Employment or P
X 93 NEET Demography | Training (NEET) individuals added negative N = NEET % district
e ¢ N;=number of NEET individuals
onwhithinthe populatigniof P= population of the same age group
a selected area
Ecosystem Service of
regulation and provisioning
R that is fundamental for the Based on the|
Crop Pollination E t ductivityof Bassdionthaich tuati h
% -~ (Poltinator cosy.s em | produc IVIty-l? m'any orops. | ided | 216,217 posTivG ased on the chosen evaluation cl osevn S HiSHIEE
Abundance) services Plant fertilization and, model evaluation
consequently, food model
production partly depend on
wild pollinator species.
This provisioning ecosystem Based on the
& Ecosystem service (E.S.) is linked to . Based on the chosen evaluation chosen —
X 95 | Crop production B added | 216,217 positive § district
services human land use for model evaluation
productive purposes model
This regulation ecosystem
service (E.S.) evaluates the
Based on the]
g capacity of healthy soils to 5
Erosion Ecosystem . Based on the chosen evaluation chosen —
x| x 96 i = reduce the removal of the added 217 positive ; district
Mitigation services topsoil layer (rich in organic model evaluation
model
matter) caused by surface
runoff and rainfall
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Social

Minimum
territorial
scale of
significance

Resilience N.of Source

Sources ID

ID re Definition
indicators

Direction Formula

Institutional

Built Enviroment
Environmental

This regulation ecosystem
service is provided by
aquatic and terrestrial Easadioniha
. ecosystems that filter and <
Nutrient Ecosystem 4 R . Based on the chosen evaluation chosen L
2 R decompose organic waste | added 217 positive & district
Retention services o model evaluation
entering inland waters, Hiodal
coastal, and marine
ecosystems, supporting
potable water supply
This provisioning ecosystem Based on the
Wood Ecosystem service (E.S.) is directly tied . Based on the chosen evaluation chosen L
: 2 added 217 positive : district
production services to soil quality and the market; model evaluation
demand for goods model
D
Number of facilities, N= "
systems, or measures that
o . N= disaster defensive infrastructure
Disaster canbeutllized for managing D = number of disaster defensive
" emergencies to withstand . Instrastructures referring to facilities, S L
defensive Emergency added positive systems, or measures that can be utilized unit/m district
infrastiuctire and respond to natural for managing emergencies
disasters (such as floods, A = surface of high risk areas
hurricanes, wildfires, or
hearthquakes)
The sum of indicators that W
testify the presence of N= Z X
documents and initiatives ko
that preserve the memory of N = total score summarizing disaster
di - memory preservation
Preservation of adisaster, such as: x = Binary variables (1 if present 0 if no.
memioty Heritage photographic or written added positive representing key elements that reflect th count district
3 K preservation of disaster memory
archivesiassaclations that n= total number of theelements consider
preserve the memory of the
event, cartographies or
maps, community memory,
traces of past measures
The sum of indicators that &
” N= Z x;
testify the presence of: local &
Integrated incentives, community N = total score summarizing the
z A presence of integrated strategies for
Strategies for involvement and heritage conservation, promotion and
Heritage N participation in the . innovation L
1 2 Heritage N added positive x = binary variables (1 if present, 0 if count district
Protection, legislative process, not) representing key elements that
Promotion, and digitalization and remote reflect the presence of integrated
| ti t f " d strategies for heritage conservation,
RHOYeton SysiemsTorassals;andia promotion and innovation
heritage digitization n= total number of the elements
idered
database i
n
The sum of indicators that N=) x
testify the presence of: best e
practices for conservation of N = total score summarizing the
v presence of good practices and
landscape, territory or control of heritage
Preservation of heritage, associations that X = binary variables (1if present, 0 if
good practices implement these practices not) representing key elements ll_ml
2 Heritage 5 " | added positive reflect the presence of good practices count district
and control of cartographies or maps and control of heritage
2 & : < b ooas n= total number of the elements
heritage illustrating their application, considered
local regulations/law
supporting conservation and
safeguarding actions,
monitoring and alert systems
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Built Enviroment
Environmental
Social

Minimum

Resilience . N.of Source " " territorial
ID TEE Definition Direction Formula
indicators Sources ID scale of

Institutional

significance

Land-use capability makes it
possible to differentiate soils
according to their productive

potential in the agro- N= land capability

silvopastoral sphere. There ?;Sl’:g‘;cf"'g‘;"j:‘;zx:,’E'C'ZZ’ET“:V
103| Land capability tenduse are eight c.lasses that define addad tobeddiinen A = total surface of the selected area % oubdicii
the capacity of soil use and
they are divided into two
main groupings. Classes 1,
2, 3and 4 concern soils

suitable for cultivation and

K
a

other uses
=k
Total land take area, which A
can be expressed as an N=land take
104 Land take Land use absolute measure or a added 221 negative K= total land take area in the selected % sub-district

area

relative measure, with A = total surface of the selected area

respect to the selected area

K

A

Surface and location of N= urban transformation zones
K= surface included in Urban

Urban specific areas designated for transformation zones in the selected area
x | 105| transformation Land use redevelopment, added to be defined| 4 = total surface of the selected area % sub-district
zones regeneration, or significant

changes in land use

Amount of areas with High

and Moderate Ecological A
4 : @ 7 a
Ecological Natural/green | Functionality, according to . rinn
106 < B 2 g , L g 3 added 218 positive . % sub-district
functionality spaces ecological network analysis '= ecological functionality
< » K= surface included in the High and
(e.g. obtained with ENEA Moderate Ecological Functionality in
methodology) the selected area
A = total surface of the selected area
Amount of areas of
ecological value, according N= X
Elements of the to ecological network 4
N Natural/green . i " _— i y o p . P
107| ecological analysis (e.g. obtained with | added 219 positive N=elements of the ecological network % sub-district
spaces y K= Surface included within Areas of
network ARPA Piemonte methodology ecological Value in the selected area
-DGRn. 52-1979 del A = total surface of the selected area
31/7/2015)
i
w
Proportion of reused water
Resources / A8 AR EHS AL 6sE N = re-used water
108| R Water R P g ediiod positive R= water consumption of the community % urban

in the selected area in a year; that comes
from re-used water

W = water consumption of the
community in the selected area in a year

water consumption in a
area
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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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i~ aconomic, social, institutional, ecological, and i The results show that the record.uri?eids2- N ) . .
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more resilience than smaller cities. Analysis of factors that were obstacles to resilience showed that OfcBaad60fcaec? S2
being factors of i tofactors 737268 connectivity;ada
of society-instituti gy dit ions. Carrying out the multi-di i walumronnﬂchmas ptability
urban resi identify ience in different dimensions, and to enable the
factual decision-making and resource allocation of resilient cities at national and sub-dimensional
levels. ©2022
21 | FuX.; Hopton of green i is widely recognized for reducing risk of flooding, improving water quality, and | 2021 | 10.1016/j "“95‘//‘}""'"“;; Assessment; ¥ 2 N scenario absorption; N.A. N.A. Enviromental, N.A.
z P hamstlng stormwater for potential future use. GI can ba an important part of a strategy used in urban & s.com/inward P : : p
PLE; Wang: infrestructure planning to enhance sustainable development and urban resilience. However, existing lterature acks 01epro-2} 1 corg ez . Oreon Eeonomig; Sogial
performance through Samewin s eualuste G intems of o 020.1251 520 infrastructure;
an urban resili Tanatons snd shnkaek ot soclelcacolidoalaatan reiierice. e proposs s soblst Indicatir set 46 “:ﬁ‘f‘;’;::r"‘ Planning support
lens consisting of i litat fora based planning support system fe; ro:zozo.lzs,i: system;
10 assess the capacity of urban resilinc. Greon Infrastructure in Urban Resilionce Planning Support 6gpartneriD=40 | Stormwater
IUR-PSS) supports deci i for Gl planning through scenario comparisons with the
urban ity index. T 1UR-PSS, we developed five scenarios for the 720402d84fcec? 2
Congress Run sub-watershed (Mill Creek watershed, Ohio, USA) to test common types of Gl (rain asiriosts | Urbanresilience
barrels, rain gardens, detention basins, porous pavement, and open space). Results show the open
space soenario achieves the overall highest performance (GI Urban Resilience Index = 4.27/5). To
implement the open inour ion site, suitable vacant lots could be
converted to greenspace (e.g., forest, detention basins, and low-impact recreation areas). GIUR-PSS is
easy to replicate, customize, and apply to cities of different sizes to assess environmental, economic,
and social benefits provided by different types of Gl installations. © 2020
28 Wangs.; Sponge City and Citi d the world vulnerable to floods new to 2021 [10.1016/ ""VSV/W_WW-S“’ China; Indicators Y N N N.A. N.A. city N.A. N.A. N.A.
PalazzoE. | social equity: Impact management with the aim to increase urban resilience. However, flood risk responses often overlook a _uclim.20 | wMI]"wz:ﬂ/ assessment; Multi
broader concept of “reslience” able to address environmental equity issues, including the recogition record.uri?eid=2- | ° 7
ofurban | g partici of ities in urban planni To bridge the gap, this research aims at 21.10082 320, critna approachi
incre about the social effects produced by stormwater management projects by | | Sociat equity;
management in assassing how Sponge City programs in China perform from a social squity perspective. Building on a dim2021.10082 |  SPonge City;
Baicheng City, China tripartite ich includes itabl to services and the 98%partneriD=40 | Stormwater
ota 2 d 2 op2 dactsbon 8mdS=bSc2822f | management
making processes (distributional, recognitional, and procedural equity), this paper develops an 8483274093312
assessment methodology and related indicators that are customized to the Sponge City program. This degabd2ec?
tripartite framework adapted to the Chinese context also suggests a roadmap for achieving social equity
objectives in future urban development initiatives. The results show that the Sponga City program in
Baicheng has enhanced equity si However, equity and procedural
equity still need to be improved, and jisms to support publi i hanced. © 2021
Elsevier B.V.
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index for plan making | system; however, urban resilience and in assessing an 6 A.S_D‘;gf;:f;;z‘: Integration; Social| Economic
integrated urban system for different threats at various uncertainties. In an effort to address this ‘:;65 -018-0693- ecological conditions;
deficiency, we propose to develop an Integrative Urban Resilience Capacity Index (IURCI) for assessing 6&partneriD=40 |  system; Urban Institutional
urban resili ity for all threats. To improve the quality of urban resilience assessment, the &mds-=ac1af0261 - e
IURCI considers urban physical form, spatial structure, preparation for future, and performance after ea37ec79621e05 reslljency i s,"cml
plani ion to measure resili f ion, mitigation, and jon. Itis fd6b338dc Capacity
built in a Scenario-Based Planning Support System (SB-PSS). The SB-PSS is a framework and an open
system that integrates IURCI with i ion, modeling, and toinform the public,
planners, and other bout the of different planning policies and to assist
them make decisions for implementing a preferred scenario. © 2018, Springer Science+Business Media,
LLC, part of Springer Nature.
37 |LinY.; PengC.;| Conflict or synergy? Urban resilience is a hlshlv integrated system with multiple dimensions involving dynamic 2022 [10.1016/) | httesi//www.sco CCD model; Y N Y variation over N.A. city administrative economic, social, N.A.
ChenP. Analysis of economic] ions and i across di i Itis crucial for urban sustainability to investigate sacolind: pus. <e-nIinwaid/ Coupling Aime boundary infrastructure;
e he coupling i between urban resil We used data from 126 hecord (ieides: st 5
ZhangM.  social-infrastructure .oi 2008, 2012, and 2017 in the Yangtze River Economic Belt (YREB) in China, the entropy weight- 2022.109 £250 coordination and ecological
ecological resilience | - 10PsiS method, and a coupling coordination degree (CCD) modal o quantiy the economic, social, 194 |Sisamesssd|  relationshi resilience
and their coupling and ecological resi p ips. The results Coind 2022 1001| Entropy weight-
coordination in the |indicated that resilience (EnR), resiience (IR, and ecological resilience (EIR) TOPSIS method;
Yangtze River indices exhibited a non-steady increasing trend, whereas the social resilience (SR) index gradually amds=e2s1438 | Eyaiuation;
decreased over time. Spatially, the EnR and SR indices decreased from the eastern to the central and 442088321729
economic Belt, western cities, and the IR and EIR indices had high values in the east and west and low values in the 7426045569 Subsystem
China region. the mi region was the only one showing a dramatic decline in resilience; Urban
the SR and EIR indices, whereas the ups and areas mai a steady growth trend
for all four indices. Further, the YREB was dominated by cities with high IR and EIR indices, showing a Yangtze River
gradual decline in the number of resilience patterns. Combined with the overall and pair-wise coupling G —
coordination results, our findings indicate that the four were in mod The
upstream and midstream regions remained in moderate imbalance, but the downstream regions
changed from moderate imbalance to Moreover, the ions of EnR-IR, EnR-EIR,
and IR-EIR changed from moderate imbalance to low coordination, and the other pairs of subsystems
remained in moderate coordination. This paper sheds new light on the internal mechanism of urban
resilience and provides references for practical i and for
development. @ 2022
38 |ShiC.;GuoN.; How carbon Intackli and promoting i reductionthrough | 2022 | 10.1016/j | httes//www.sco | Carbon emission Y N Y variation over N.A. city administrative Economy, N.A.
Gao X.; WuF. |emission reduction is m:l‘;:';:::2‘::’[‘:;:’:‘1‘:::\°’;:;’:“:’ ::"‘:":‘:"ld Ec:;"‘_""""::’; "°; maylead 1y ‘::'“:“" Jjolepro.2 f:j‘,‘,:"",f,‘;‘:;;‘;’ reduction; China; time boundary society,
going to affect urban i Y o e L o O v 022.1337 52.0- Climate change; Environment
urban resilience and its spatial-temporal characteristics with a sample of 267 prefectural-level cites
resilience from 2006 to 2019 in China. Firstly, this research rban resilience 37 :i;ﬁi:;::f‘f’ Resilience
prosperity, social wellbeing, cleaner envi and the impact ism of carbon |e;m,.zozz,ml;; assessment;
emission reduction on these three dimensions. Then in the empirical analysis, the urban resilience 7&parmeriD=40 | Resilient city;
index is built evaluate urban resilience in Chinese cities and its spatial- &md5=44751369 Spatial
temporal i the impact of carbon emission on urban resilience is dc5619a3c9dbbt y
investigated through geostatistical analysis. The results show that the urban resilience level in China dievefss | autocorrelation
shows significant High resili ies are clustered in the Beijing-Tianjin-
Hebel region, Yangtze River Delta region and Pearl River Delta region, while lower resilience cities are in
the northeast, northwest and southwest regions. Moreover, urban resilience in Chinese cities is mainly
contributed by the economic subsystem. Over the study period, carbon emission reduction is positively
related to urban resilience with high resilience and high carbon emission reduction agglomerated over
space. Furthermore, the agglomeration effect increased from 2006 to 2019. These indicate that in the
past fifteen years, urban resilience in Chinese cities is highly dependent on regional economic
which is still reliant i ive industries. The research provides important
references for China' reduction and resilience-building policies. Spatial
heterogeneities need to be acknowledged to focus on key areas of emission reduction and resilience
in and i ion. © 2022 Elsevier Ltd
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44 | Wang).; Foley Assessing the The urban environment i at increased risk of iated with climate change | 2021 | 10.1016/j | hitps//www.sco | Analytic hierarchy Y N N current state N.A. Urban park N.A. N.A. N.A.
K performence of and urbanisation. Urban open space, when appropriately located, designed and managed, can utug,202 | P ominvard process;
; -UTUB-202 rocord.urizeid=2- d

potentially support underlying ecosystem services and provide multiple social-ecological benefits.

Conversely, poor planning or design can result in mono-functional open space with potentially negative 1127180 s20- Assessment

urban open space for

achieving results for the built To anticipate jinty and create more sustainable and gfizsf;: ;:::‘d methodology;
sustainable and resilient cities, it is important to assess the performance of urban open space. This paper provides a :"];252,_12713'; Conceptual
resilient cities: A | deeper understanding of resilience at the scale of open space within the urban fabric and suggests a &partnerD=40& model;
pilot study of two framework ising resil th an emphasis services and spatial Hisiarchlsal iridek
X A index system (HIS) twenty-six andan
urban parksin | 45ciated assessment methodology is proposed to evaluate the performance of urban parks interms Tab4492 system;
Dublin, Ireland of their to urban The appli of the HIS and Performance
methodology is examined in a pilot study by assessing two urban parks in Dublin, Ireland. This paper indicators
contributes to the coupling of resilience thinking with urban design by proposing an evaluation method
that assists design and urban decisi kers i ing the of existing

schemes and new proposals for urban open space. This paper will help a range of stakeholders better
understand the settings of these spaces through scientific evidence. ® 2021 The Authors

48 |[LinY.;PengC.;| Spatiotemporal Urban resilience efficiency is an important indicator to explore the relationship between resource 2022 |10.1007/s|https:/twww.sco| - Entropy weight- Y N X variation over N.A. city administrative Economy, N.A.
Shu J.; Zhai W.;| characteristics and consumption and urban resilience, shedding new light on the study of urban sustainable development. 11356- pus.com/inward TOPSIS method; time boundary society,
Ch ) infl ing f ¢ Based on the panel data of 2008, 2012, and 2017, this paper makes a spatiotemporal assessment on 02 Irecord.uri?eid= Evaluation: GWR inf
engl.  |influencing _a'°‘°'5 O] the urban resilience efficiency of 126 cities in the Yangtze River Economic Belt (YREB) in China by i 2-62.0- valuation; ‘ infrastructure,
urban resilience applying an entropy weight-TOPSIS method and a slack-based measure (SBM) model. Combined with 18235-2 |85 del ecology
efficiencyinthe | the analysis of a geographically weighted regression mode! (GWR), the influencing factors on resilience 0i=10.1007%2fs | factors; Resilience
Yangtze River | efficiency are also investigated. The resuits show that both the resource consumption index (RC, inputs) “:‘:;‘Z‘ “ | efficiency; SBM

and the urban resilience index (UR, outputs) presented a steady upward trend, and their spatial
N distribution characteristics were similar, showing a gradual decrease from the eastern coastal cities to
China the central and western inland cities. Derived from Inputs and outputs, the mean values of resilience
efficiency index (RE) in three periods were 0.314, 0.2906, and 0.1625, respectively, revealing that there 0b7985d074a77|  yangtze River
had been a noticeable decline. Spatially, its spatial distribution has evolved from a relatively balanced 8200954725 | £ onomic Belt
pattern to an unbalanced one, showing a gradual decrease from west to east. The results of the GWR
model analysis indicate that the total electricity ion and area of ion land had a
ith the overall urban resili t the YREB. total quantity of
water supply and science and technology (S&T) expenditure continued to be the main driving factors on
urban the up: . The regions mainly depended on the scale of
construction land, and the influencing factors are relatively single. The influencing factors in the
downstream areas have changed from dominance of resources and capital factors to the single
dominance of resource factors, and total electricity had a strong power. Based
on these findings, we had put forward the overall and local regional policy implications. © 2022, The
Authoris). under i S Germany. part of Springer Nature.
57 | Barreiro); Index-based Intense rainfall events combined with high tide levels frequently resultin urban floods inriverineor | 2021 | 10.28991 |nttps//wwv.sco| 1D/2D Drainage % % N scenario N.A. N.A. N.A. N.A. N.A.
LopesR.; |approach to evaluate coastal cities. Their increasing variability and uncertainty demand urgent but sustained responses. /cej-2021 pus.wmﬁrnw?rd Modelling;
Thus, resilience-driven approaches are emerging in contrast to the traditional technical-economic Irecord.uri?eid=

Economic Belt, 2&partneriD=40| Model; Urban

&mds=fe2a3bd resilience;

FerreiraF.; cityresiisnicein | Coiirie ax urbar reaflioncs rallects the owerall capaoity.of a:city ta survive, adapt and thrive whei 03091647 5.570. Cascade Effects;
Matos J.S. flooding scenarios | experiencing stresses and shocks. This paper presents a simplified index-based methodology for the 85101812967&d| City Resilience;
evaluation and quantification of urban resilience to flooding, based on the works developed in the EU 0i=10.28991%2f Resilience
H2020 RESCCUE project. A set of five indicators are proposed to compute the Integrated Urban cej-2021- Assessment;
Resilience Index (IURI), allowing to classify resilience according to a proposed range of rankings. This 030916478part Urban Floodi
considers si a approach, reflecting services interdependences, neriD=40amds= | Urban Flooding
and a sectorial approach, applying 10/20 modelling of th K. It yH0772c83CEY.
was applied to the study case of Lisbon downtown, involving the analysis of interdependencies between 252001008735
124 Infrastructures of 10 urban services. Two scenarios were considered, respecting the current and ddsosa
future situations, considering climate changes. Results enhance the usefulness, practicability, and
potential of the proposed approach, and improvement opportunities were also identified for future
©2021 by the authors. Licensee C.E.J, Tehran, Iran.
58 | KimD.;Song | Measuring changes of this study is tc ban resilience through indicators related to urban functionand| 2018 | 10.1016/j [Mtps:/www.sco| Climate change Y N Y variation over N.A. city administrative N.A. N.A.
SK. in urban functional | o classify 232 cities in Korea with regard to climate variability. Urban functions were classified into futures.2|PUscomimvard| oo eation; fime boundary:
: X basic, i and mai functions, and were measured using 25 Irecord.uriZeid= z
capacity for climate | ,..tors, Confimatory factor analysis was used to integrate sach function into a single valus. Cluster 018.05.00 2520 Climate
resilience: analysis was applied to 232 cities in Korea and analyzed for the years 2000, 2005, and 2010. The 1 8504 ill
Perspectives from analysis revealed that clusters appeared between vari tered on and 0i=10.1016%2fj. Resilience
Korea variables of climate variability. In 2000 and 2005, Korean cities had similar clusters, butin 2010, they futures.2018.05.| 31 40 ators; Urban
manifested a different pattern. This study suggests that the construction and accumulation of time- 001&partneriD= Hificticn: Urbi
series data is necessary for understanding the lack of each function of the city i i 40amds=08es | function; Urban
policies for communities. © 2018 Elsevier Ltd
62 [MuX.;FangC.;| Spati The conti growth of ions in China has increased their complexity as well as 2022 |10.1007/s| httpsi//www.sco | Beijing-Tianjin- Y N Y variation over N.A. urban administrative Urban economic N.A.
YangZ. evolution and vulnerability. In lhls‘ context, urban rasiliancavis cnvticarl for the healthy and sustainable development of 11442- wu:m/:w:;i Hebei (BTH); tie - v z tirben
L . urban agglomerations. Focusing on the Beijing-Tianjin-Hebei (BTH) urban agglomeration, this study coscLUreRick N . g
dynamic;simulation constructs an urban resilience evaluation system based on four subsystems: economy, society, 022-20221 S0 evaluation on, socialresillence;
of the urban infrastructure, and ecology. It uses the entropy method to measure the urban resilience of the BTH urban 5 :;ff::::gz‘l system; gray Urban
resilience of Beijing- | agglomeration from 2000 to 2018. Theil index, standard deviation ellipse, and gray prediction model GM mz‘mz-znzz- prediction model; infrastructural
Tianjin-Hebei urban | (1.1 methods are used e spatio:temporal éuolution and dyramia skmlation'ct urbar S&partnerID=40 urban resilience; Urban
agglomerstion resillence in ths urban agglomeration. Our results show that the comprefensive evaluation index for &mds=6307dcds | gotomeration; ecological
urban resilience in the BTH urban agglomeration followed a steady upward trend from 2000 to 2018, S i
with an average annual growth rate of 6.72%. There are signi ineach s 16112830 | Urbanresilience resilience

contribution to urban resilience; overall, economic resilience is the main factor affecting urban
resilience, with an average annual growth rate of 8.06%. Spatial differences in urban resilience in the
BTH urban agglomeration have decreased from 2000 to 2018, showing the typical characteristic of being
greater in the central core area and lower in the surrounding non-core areas. The level of urban resilience
in the BTH urban agglomeration is forecast to continue increasing over the next ten years. However, there,
are still considerable differences between the cities. Policy factors will play a positive role in promoting
the resilience level. Based on the evaluation results, ling policy lions are put
forward to provide scientific data support and a basis for the resili ion of the
BTH urban agglomeration. @ 2022, Science in China Press.




Ministero I
dell’Universita ‘M [taliadomani
e della Ricerca DR ONALE ez

Finanziato
dall'Unione europea
NextGenerationEU

FORMULA
TITLE ABSTRACT Dol KEYWORDS INDICATORS (explicit) M, TIMESCALE RESILIENCE SPATIAL SPATIALIZATION RESILIENCE RESILIENCE
(Y/N) VN PHASE/ABILITY SCALE METHOD DIMENSIONS  CAPACITIES
64 ZhangM.; Measuring urban Building an urban resilience index results in an popular tool for itorie 2020 [10.3390/s| "“P"//'{W"’-“" Climate change; Y N N variation over N.A. city N.A. society, N.A.
YangY.; Li H.; | resilience to climate progress towards climate-proof cities. This paper develops an urban resilience index in the context of 11222973 pus.com/inward/ Hazards time economy,
e 3 % urban China, which helps planners and policy-makers at city level to identify whether urban record.uriZeld=2- G
van Dijk M.P. change in three s lsading to % Ny index (UR) suggestad in this research 5 52.0- management; community,
chinese cities uses data on 24 indicators over six URI indices. Whil of sucha S oral  Resilience ecological
complex phenomenon can be perfect, the URI proved to be effective, useful and robust. Our findings T;ZZ§7,5&N;: assessment; environment,
show that the URI ensures access to integrated information on urban resilience to climate change. It Urban infrastructure,
allows of cities in a and itative way, and enables i of strong. 13353845605 | govermance; institution
and weak points related to urban resilience. The URI provides tangible measures of not only overall 2cc94be0f8e17ch | e
measures of urban resilience to climate change, but also urban resilience components and related 4 Urban resilience

indicators. Therefore, it could meet a wide range of policy and research needs. URI is a helpful tool for
urban decision-makers and urban planners to quantify goals, measure progress, benchmark
performance, and identify priorities for achieving high urban resilience to climate change. © 2020 by the

86 | JiaoL.;Wang An Ithas idely iated that urban resili is one of the core goals of urban development. 2023 [10.1016/j "“951//7“'““‘; Assessment Y: N Y: variation over Pressure; State; province administrative N.A. N.A.
. X Various approaches for evaluating the level of urban resilience have been developed recently. However, : pus.com/inward ¢ i
L;LuH.;Fan | modelfor urban .uclim.20 model; BP neural time Response bounda
o b previous urban resilience assessment studies have mainly concentrated on the economy, society, Fadvies record.uri?eid=2- o R L
; | resilience based on d cologitat withvery few % Sk harkan 5 - sml s network;
the pressure-state- | resilience regression process. Therefore, this research proposes a new assessment framework for urban 3 oi_maf:fm i Framework;
response framework resilience from th f “pr ponse” to address this issue. And then, the (lim.2023.10154 | Pressure-state-
and BP-GA neural | methods of the BP neural network, genetic algorithm, Moran's index and the center of gravity model are 3&partnerib=40 | response; Urban
network combined to establish the assessment model of urban resilience. 31 provinces in Mainland China are &md5=3b136a68 resilience
selected as a case study he application of the model. The 03ad9cB9523264
results indicate that the urban resilience level of all provinces in China is rising, and the provincial urban 4995b18198
resilience shows the istics of ion. The trend of urban resilience shifted
from north to south from 2013 to 2019, consistent with China's economic center of gravity moving from
north to south. This study develops a new angle for evaluating urban resilience and provides effective
policies toward urban resilience. © 2023
90 | LiuY.;LiuW.; | Urban waterlogging |!nrecentyears, with the acceleration of urbanization and abnormal changes in the overall climate, cities | 2023 [ 10,1016/} | httesi//www.sco | China; NPP-VIIRS Y N Y current state N.A. city administrative Social, economic N.A.
A i have been increasingly threatened and affected by disasters. Assessing and improving urban resilience, 2 pus.comfinward/| . L
s o | W Nl g o rempdommasont o ot mmtor 2022 2| g g Sty
NG INEl] assessmentan departments. Taking the heavy rainstorm event that occurred on July 20, 2021, in Zhengzhou City as an g BSXSD:’;;%M ostdisasier
B.;Nie G.; postdisaster example, this y exp the resili d recovery of Zhengzhou City based on i recovery
GrossL. recovery monitoring | remote sensing data and other multi data. First, we the resilience index 2023103649 monitoring;
using NPP-VIIRS | and built an assessment model. Then, we analyzed and evaluated the resilience. Finally, based on NPP- &partnerlD=40& Resilience
nighttime light data: VIIRS nighttime light data, we verified the accuracy of the resilience resul(rs and dynamically mofmored md5=9591e840d assessment;
the postdisaster recovery process. The results show that the overall resilience of Zhengzhou City to
Acasestudyofthe | toriogging disasters is low in the southwest and high in the northeast. The changing trend of the Selc13f7 Urban
“July 20, 2021" heavy | nighttime light brightness following the disaster was consistent with the resilience assessment results. waterlogging; ‘July
rainstormin Then, due to rescue work, the light index increased briefly in July; Due to the serious impact of the 20’ heavy
Zhengzhou City, | disaster, the facilities were damaged, and the light index was reduced in August. With the development fainstormin
China of recovery work, the disaster-inftuenced and light index areas gradually recovered and exceeded the Zhengzhou Cit
predisaster level. Corresponding urban resilience strategies were proposed based on the assessment e Y
results. This study can provide a scientific basis and reference for relevant aspects such as disaster
orevention. recoverv. and ion in Zhenezhou Citv and other cities. © 2023 Elsevier Ltd
97 |ChenX.-L;Yu| Urban resilience Pursuing the high-quality urbanisation and improving urban system reliability are the current goalof | 2023 [10.1016/j hups~j/7ww 5:7 Dynamic Bayesian Y N N variation over NA. province NA. Society; NA.
) " " " y d internal pus.com/inward) ;
LX.; Lin W.- from the | urban Urban the reliability of a city in coping with external an ress.202 it network; time Economy;
DEYaEFLOs i conal | isturbances. Therefore, the urban system reliabilty can be quantified by assessing urban resilience. 3108460 record.urield=2- Mitta et Ecl Y
- YangF.-Q.; | multidimensional urban resilience can identify ilities that affect the urban system . 3515355163029&0 ulticimensiona) cology;
LiY.-P.;Taol.;| perspective using | eliability. Based on this, targeted decisions are proposed to enhance the reliability, stability and safety 00£10.1016%20)r perspective; Institution;
Chengs. dynamic Bayesian | of urban systems. This study an indicator system i i the £55.2023.109463 Resilience Infrastructure
network: A case | reliability of urban systems and develops a dynamic urban resili model by combining it &partnerlD=40& | assessment;
study of Fujian with a dynamic network framework that accounts for time-varying factors. The modl estimatas tho mds=951c19%b | \Jrban resilience
3 : urban system rellability from a resili and identifies in urban resilience. 490515ce1ac5db
Province, China | 16 sppiicability of the model is veritied sing Fujian Province as a research case. The case study uses 0880acalb

annual urban data from 2016 to 2021, which is outstanding in terms of data objectivity. The results
provide important insights for practitioners and researchers in optimising urban resilience, improving

reliability and urban strategles. © 2023 Elsevier Ltd
100 | WangH.; Liu Assessing urban Global uncertainties brought about by external shocks have surged in recent years, posing huge 2023 |10.1016/j | httesi//www.sco | China; Entropy Y: N Y variation over N.A. city administrative Economic N.A.
i 7 i i ¢ i ] pus.com/inward/ : i .
Z;ZhouY. | resiliencein China | Cchellenses toachiove the global 2030 Soals;Uinsn : seiar.202 [ SN | method; ESDA; time boundary resilience; Social;
from the perspective | "% ciies responds, adapts and recovers from external shocks. At present, the theoretical analysis and Sao5ies AfP e Redlionce toilopioat
o parsp systematic evaluation of urban resilience in China are still insufficient. Here, we constructed an urban 2 20 gical;
0f S0Ci0ecoNomic | resilience index (URI) system from the ive of soci and ecological sustainability to S f:;;i“: assessment; Infrastructure
and ecological |evaluate the urban resilience of prefecture-level cities in China from 2000 to 2020. Then, entropy method lar2023.107163 | Urban resilience
inabili and patial data analysis (ESDA) were used to investigate the spatiotemporal evolution of &partneriD=40&
urban resilience in China. Finally, the influencing factors that hinder the improvement of urban resilience mdS=bb085daBE
inChina identified through i is model. Results. that over the past 20 84524e2¢368e67
years, China's urban resilience has been greatly improved, as shown in the average URI increased from befe622ec

0.048 in 2000 t0 0.092 in 2010, and further raised to 0.148 in 2020. But the growth rate of China's urban
resilience improvement over the past decade (2010-2020) has been slower than in the previous decade
(2000-2010). Over the past two decades, China's urban resilience varied across the geographical
regions, urban agglomerations and population scales, showing that URI was higher in easter regions,
urban agglomerations and cities with larger population scales than in the mid-west, non-urban

ions, and cities with small scales. China's urban resilience has positive spatial
auto-correlation, indicating that cities with higher or lower URI tend to have a trend of spatial
agglomeration. The dominant factors that hinder the improvement of urban resilience in China have

changed over time, asthe role of i g y and the role of
economic level, industrial structure, and education level gradually strengthening. In view of the

heterogeneity of urban resilience in China and ity of its factors, differenti

rather than one-size-fits-all toi rban resilience may be more effective. Our

findings would provide a beneficial reference for China and other developing countrles to optimize urban
planning to cope with external shocks and build sustainable and resilient cities. © 2023 Elsevier Inc.
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103 | CaoF.;XuX.; | Evaluation of urban | Urbanfloods have becomei frequent in recent years, hi the need for resilience 2023 [10.1016/j 560 Y N Y variation over N.A. province administrative Nature; Economy; N.A.
Zhang C.; Kong| flood resilience and evatuaiionv and the idemi'ic‘am.m of slr‘ategies toimprove ufbar.l flood resilience. In this study, a system .ecolind. pus.wm/:mérd Flooding; time W dary Society
3 . of resilience evaluation indicators is proposed to quantitatively evaluate the level of urban flood Irecord.uri?eid= £
W. its Space-Time | iiance, The entropy method used to calculate the reslience ndex and thespace-time permutation 20231101 550 Indicators; ture
Evolution: Acase | scan method used to analyze the space-ti istics of urban resilience levels are 643  |851666207328d|  Space-time
study of Zhejiang combined to establish a methodology for evaluating urban flood resilience. An evaluation indicator 0i=10.1016%21j.|  aggregation;
Province, China | system for urban flood resilience is proposed, encompassing aspects of natural, economy, society, and ecolind.2023.31) |\ a0 resilience
infrastructure. This system attuned to the local needs of urban flood resilience evaluation, tests the 0843&partneriD
applicability of the Guide for Safety Resilient City Evaluation (GB/T 40947-2021) in this study. Moreover, =4narmdo=eady
itincorporates key common indicators extracted from prior studies on urban flood resilience evaluation. 460c081824bc9
Zhejiang Province, a flood-prone area in China, is selected as the study area, and the proposed Scea1bA2110et
evaluation indicator system is used to evaluate the urban flood resilience levels in Zhejiang and their 0
space-time trends from 2011 to 2020. The results show that resilience levels have improved in the
natural, economic, and infrastructure aspects, while the resilience levels of social aspect remain high.
From 2011 to 2014, disti patterns emerged, deli d as inland-type and coastal-
type aggregation areas. An analysis of both pattems was ideri array of
such as green coverage rate in built-up areas, population age structure index, gross domestic
product, density of resident population in built-up areas, and per capita disposable income. The period
from 2014 to 2020, however, did not reveal any significant aggregation characteristics. This study
provides a reference for establishing an urban flood resilience evaluation indicator system and an in-
depth understanding of urban flood resilience, and targeted recommendations to bolster urban flood
resilience in the study area. © 2023 The Authors
120 | Salazar-Llano An exploratory U“Uef!‘ﬂndms diversity in complex urban systems is fundamental in facing current and future 2019 {10.3390/: co| Barcelona; Biplot; Y N N current state N.A. city N.A. N.A. N.A.
L.; Rosas- TP In this article, we apply an exploratory multivariate statistical analysis (i.e., 11114381 Du!-oomllf\wfald Multiple Factor
e i Principal Component Analysis (PCA) and Muliple Factor Analysis (MFA)to an urban system's Irecord.uri%eid= i
Casals M.; |statistical analysis to of the city's e > i alste s s el s sl 2 2-52.0- Analysis (MFA);
Ortego M.I. assess urban h: ofthecityina tem of indicators by collecting measurements of those 85068905717&d Principal
diversity vsnables at the district scale. Statistical methods are applied to reduce the dimensionality of the 0i=10.3390%2fs Component
d , such that, hidd between the districts of the city are exposed. The u11143812&par Analysis (PCA);
methodology has been mainly designed to dlspl.ay dwersny, being understood as differentiated tnerlD=408md5 % 42
attributes of the districts in their iption, and to measure it with Euclidean SGaumosubavT | S}Jstalnabllny
distances. Differentiated characters and distinctive functions of districts are identifiable in the 002195¢744072 | indicators; Urban
exploratory analysis of a case study of Barcelona (Spain). The distances allow for the identification of 596adad diversity; Urban
clustered districts, as well as those that are separated, exemplifying dissimilarity. Momover the resilience; Urban
temporal of the dataset reveals i ion about the district's dif i or sustainability
homogenization trends between 2003 and 2015. © 2019 by the authors.
121 | ShakerR.R.; Showcasing Cities are the keystone landscape features for achieving sustainability locally, regionally, and globally. | 2020 (10.3390/s| hitesi//www.sco|  Crime; Data Y: N Y current state N.A. ho single Social; N.A.
AversaJ.;Papp| relationships | With the increasingimpacts of urban expansion eminent, polic have 4 it 112030997 cm/';m am{ dashboard; od
advance or invent methods for managing coupled h systems with local record.uri?eid=2:
V.; Serre B.M.; between 2 i 3 3 7 X Landscape
and regional sustainable development planning. Although progress has been made, there remains no
MackayB.R. |neighborhood design uriversa nszument or ataning ustainablty on nether egional no oca planing scaes. revious :f‘i?:;:;jii indicators;
and i tudie: that landscape configuration metrics can supplement u'oséwmwnn Premature
Toronto indicators | Other measures of urbanwell-being, yet few have been included in public data dashboards or contrasted mortality; Spatial
against local well-being indicators. To ady this sector of planning, this 20439daa3579¢ca autoregressive
study had three main intentions: (1) to produce a foundational suite of landscape ecology metrics from 53d4434a2¢b950 :
the 2007 Land cover datase o the Gty of Toonto 2) ovisualize and interpret spatil pattens of sc modeling;
h cohesion index (COHESION), Shannon's diversity index (SHDI), and four, Streetscapes;
Wellbeing Toronto mdlcetors across the 140 Toronto neighborhoods; (3) to quamntanvely assess the Sustainable
global collinearity and local explanatory power of the well-being p in urbanization;
this study. One-hundred-and-thirty landscape ecology metric: 18 class i Toronto: Urban
metrics across seven land cover categories and four landscape diversity metrics. Anselin Moran's I-test 5
was used toillustrate significant spatial patterns of well-being and landscape indicators; Pearson's design; Urban
correlation and conditional autoregressive (CAR) statistics were used to evaluate relationships between landscape; Urban
them. Spatial "hot-spots" and/or "cold-spots" were found in all streetscape variables. Among other planning; Walk
interesting results, Walk Score® was negatively related to both tree canopy and grass/shrub score
connectedness, signifying its lack of consideration for the quality of ecosystem services and
environmental public health-and happit -during its proximity of
socioeconomic amenities. In sum, landscape ecology metrics can provide cost-effective ecological
integrity addendum to existing and fut ban resilience, i and well-being
monitoring programs. © 2020 by the authors.
126 |GaberR.M.;El-|  TheResilience Urban resilience is recently a prominent issue due to rapid ion and increasing and | 2022 |10.18280 | httes/www.sco artificial Y N N current state N.A. N.A. N.A. Natural and Robustness;
Kader M.Hu.; |Performance Index, a stressors anecnng cities. Aslsessmenl of urba: leslllencﬁ isan essenuall stepin enhfincmg resdl'ence Jijsdp.170 i:::o:mu{";::;:/ intelligence; environmental; efficiency;
Okba E.M. Fuzzy Logic oficloricies; and provides spatial end 'em‘::':{ms HW;:‘:MMM baana ha a1 X assessment; fuzzy Physical and built [Resourcefulness;
Approach to Assess | complex process that requires intensive data and resources due to the multi-dimensional and dynamic ‘,ﬁff;;:g:;"_ logic; resilience environment; | Redundancy;
Urban Resilience | nature of resilience, and the imprecision of resilience data. In this context, the research aims to develop :z:;.ﬁﬂlll&par‘: indicators; urban Social and Adaptation
The Resilience Performance Index (RPI), through setting a conceptual framework, defining relevant ili economic;
resilience indicators, and finally modelling resilience performance using The Fuzzy Logic Approach, beda2f39fe7fcc2 Governance and
aiming to combine resilience analysis with artificial intelligence (Al) tools and dynamic modelling 123fc48de1dffffb N
methods. The RPI assesses both qualitative and quantitative resilience indicators obtained through institutional
records, census data or structured questionnaires. Indicators' values are modelled through a designed
fuzzy logic system to obtain the resilience performance score. The developed index is applied on New
Damietta city to inform resilience action plans in the Nile Delta region. The RPI addresses the complexity
of resilience assessment and ambiguity of data through an easy appli user friendly
approach without the need for complex mathematical and statistical methods. © 2022 WITPress. All
rights reserved.
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Wang /ang| Evaluation of urban | Resilience has become one of the main drivers for planning city future. However, there is currently no 10.1016/j |https:/www.sco| - Comprehensive variation over LA district administrative Service
C.;Shil. resilience based on universally accepted definition and measurement of urban resilience. This study introduces and Jijdrr.202 pu 5 evaluation; time boundary resilience;
SaricaC = aSenvice-C ity-Envi (SCE) model resilience. First, this o CHRGERA PR
paper defines urban resilience based on existing research and presents a framework for urban resilience - 2-52.0- Y
Environment (SCE) | based on service, ivity, and envi Second, this study i a SCE model used to i Resilience;
model: A case study | evaluate urban resilience. This paper presents an indicator system for urban resilience assessment with 0i=10.1016%2fi|  Environment Environment
of Jinan city, China | ©ightindicators. In contrast to previous urban resilience evaluation systems, the developed evaluation jdrr.2023.10382 resilience; Jinan Resilience
system is two-dimensional. One dimension is service, connectivity, and environment, and the other is 8&partner|D=40 SR
- iy e i A amds=acsgoze|  City; Service
basic and coordination. Service mainly refers to urban service facilities, connectivity mainly refers to fos
system, and mainly refers to the land f green space and water e29a3efcd1d10 | resllience; Urban
bodies. Third, as an illustrative example, apply the SCE model to Jinan, Shandong Province, China. The d13d66e41ch/: resilience
study focuses on the temporal and spatial characteristics of urban resilience in Jinan. The analysis
provides initial evidence that the level of urban resilience in the SCE dimension of Jinan City varies, and
the regional gap gradually increases during the study period. The SCE model provides a general and
replicable approach to resilience assessment that can be implemented for a broader range of
©2023
131 | WuP.; Duan Spatial Scientific evaluation of urban resilience will help to improve the ability of self-prevention and self- 2023 {10.1007/s’ "'“"5://"‘_”""-5“ Coupling Y N X variation over N.A. city administrative Infrastructure, N.A.
Q.;ZhouL.; | evaluation of urban |recoverywhen facing internal and external pressure. However, existing studies are on basis of the overall 10668- vusvcml‘lmfa'dl coordination time boundary Economic,
. #: it f the urban resil luation index system to measure urban resilience, often ignoring record.uri?eid=2- 5 3
WuQ:Deveci| resilienceinthe | . oo5iing and coordination degree among indicators. Therefore, an empirial analysis is developed, 023- b degree; Ecologic, Social
M. Yangtze River Delta which is used to measure the urban resilience of eight cities in the Yangtze River Delta urban 03087-2 85_11:]918;:77;?: Econometric
from the perspective | agglomeration from 2010 to 2019 from the perspective of coupling coordination degree based on the ;‘s‘eabzs 030;77 panel model;
of the coupling urban resilience evaluation index system. The empirical results show that (1) In time, the eight cities’ 28partneriD=40 | Spatial-temporal
coordination degree fluct ynar andvaried to deges It presents the spatal distibution amds=S1861569 | ol ation; Urban
characteristics of “high in the center and low in the periphery” in space. (2) In time, the coupling b0cS37ca69157 %
coordination degree in the eight cities fluctuated slightly. The spatial distribution pattern of “high in the 3f3a6e0dib resilience;
center and low in the periphery” was formed in terms of space. (3) There is a long-term stable Yangtze River
ip between urban resili d th i ination d g allindicators. Ina Delta urban
the higher the coupli ination degree s, the higher the urban resilience is. These agglomerations
results can improve urban resilience to some extent and make cities more resilient i the future
collaborative development process, and provide a way to evaluate urban resilience at different spatial-
temporal scales. © 2023, The Author(s), under exclusive licence to Springer Nature B.V.
149 | OliveiraB.; C i istori of the urban realm has brought marvelous benefits to humankind, which has| 2023 | 10.3390/L |https:/www.sco|  cities; climate Y N N variation over N.A. city N.A. Population; N.A.
FathB.D. Resilience profited from the infrastructure, services, and social networks provided by cities. Nonetheless, and12061 |Pus-cominvard chanige; time Economic;
; considering current and future risks, understanding how cities can absorb impacts and reorganize their frecordurizeid=|
Evaluation—Case | .. e while kesping their identities is fundamental and timely. In other words, understanding how to 182 252.0- indicators; Governance;
Study for Six Cities in | promote resilience is crucial. This study developed a comparative urban resilience index (CURI) formed 8516382700984 | resili urban Health;
China, Europe, and | by 29indicators and applied it to case studies in Europe, China, and the Americas (Malma, Vienna, 0i=10.3390%2fL resilience Environment;
e Airienicas Beijing, Shanghai, Baltimore, and Séo Paulo). An innovative identity dimension was built to embrace the and12061182&p |dentity
cultural traits of studied cities. Results point to a systemic property of CURI when comparing cities in artneriD=40&md
both timeframes (2000 and 2020). In addition, two groups were formed: Malma, Beijing, and Baltimore BroBedd5a45ec.
increased their resilience due to higher inatleast i i ‘Shanghai, Vienna, and
'S80 Paulo decreased their resilience due to lower in at least th ions. Ranking the o7eme
data in terms of the benchmark promoted a quick understanding of which city is the “best in class” for
each dimension, creating a clear way forward for other cities to follow. © 2023 by the authors.
150 | Sharma$.; |Assessmentof Green| GreenlInfrastructure (GI) offers a contemporary approach for mitigating flood risk, improving water 2023 [10.1007/s’ """‘://"{WS“’ Assessment; Y N N scenario N.A. city N.A. Environmental; N.A.
KumarS.; Infrastructurgfor: | ety andmanegingtban stors witse for sustalnabis use: Gresn promatixianisnn 10668- |PLronVimerd/ Fuzzy Economical;
e . 7 planning in urban resilience to enhance sustainable development. Moreover, the present literature is record.uri?eid=2- ; e
Singh A. sustainable urban lacking n ensuring . of Gresn oma i 023- 52.0- comprehensive Social
water mar function and consi iceabiliy for social, ecological and economical system 03411-w | BB | evaluation; Green
resilience. In this study, robust indicator is proposed to set fuzzy comprehensive evaluation (FCE) for 06;84')23_03‘11_ Infrastructure;
itati d qualitati lysis for /ater to assess the capacity of urban w&partneriD=40 | Urban resilience;
resilience. Green urban resilience system (GIUR-WMS) helps in &mds=32e63ef4f Water
decision-making for Green planning by io generati 40b7127¢8236
resilience capacity index. To demonstrate the GIUR-WMS, we develop five alternatives/scenarios in five 0b483654d management
sectors of Chandigarh (12, 26, 14, 17 and 34) to test common type of Gl (rain barrel, rain gardens, system
detention basins, porous pavements and open spaces). Result shows that the open spaces achieve
highest Green Infrastructure urban resilience index of 4.22/5. To implement the open space scenario in
urban sites, suitable vacant can be converted to green spaces (for example forest, low impact recreation
areas and detention basins); GIUR-WMS s easy to replicate, customize and apply to cities of different
sizes to assess environmental, social and ecological dimensions. © 2023, The Author(s), under exclusive
licence to Springer Nature B.V.
152 | Zhang).; Yang | Evaluation of Urban |Realizing the building of urban resilience and improving urban resilience has become important contents| 2023 | 10,3390/ | https:/www.sco evaluation; Y N N current state Resistance; Self- N.A. N.A. Physical Space; N.A.
X;LuD. | Resilience Basedon | °fuban Inview of this relying on the framework of trio spaces, which buildings |PSCOMMard| o heast Chinas Recovery; Learning Social Space;
2 includes physical space, societal space, and cyberspace, the evaluation index system of urban Irecord.urizeid=|
Trio Spaces: An resilience is established. The evaluation model of urban resilience is constructed by using CRITIC- 13071695|  5550.  [trio spaces; urban Cyber Space
Empirical Studyin | entropy weight and the cloud evaluation method. Four sub-provincial cities in Northeast China, Harbin, ili
Northeast China |Changchun, Shenyang, and Dalian, are selected as the analysis objects, and the resilience of each city is 0i=10.3390%2fb
comprehensively evaluated and spatially evaluated. From the urban resilience comprehensive 169
evaluation, this paper found the cities with the highest resilience levels in 2014, from 2015 to 2018, and S&partner|D=40
from 2019 to 2020 are Dalian, Changchun, and Shenyang, respectively. The city with the lowest
resilience levelis Harbin. Although there are differences in resilience evaluation values of four cities, the c260h020eba0h
resilience levels of these cities are all “qualified”. From the urban resilience sub-space evaluation, this Coc i
paper explored the shortcomings of the resilience of physical space, societal space, and cyberspace of
each city through the ison. Then, st ions about highlighting the of
ilience, i ilience-building balance, i and
regularly, and local policy support are proposed to help b
resilience from the concept of trio spaces. © 2023 by the authors.
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173 |ChenJ.; Ma H.;|Assessment of Urban | The rapid of ization has led to increasing related to urban safety risks, | 2023 |10.3390/ij h“"ﬂ/”‘_"“”-“" GeoDetector Y N Y variation over N.A. city administrative cological; N.A.
YangS.;Zhou |  Resilience and Which has broughit cert nges 1o the sust : of itiee: The conospt of irtian gi121003 puscomfimard/| el Hunan time boundary Economic,
X resilience has found a new way to improve the ability of a city to absorb and resolve risks. However, the record.uri?eid=2- X X B
Z.;Huang).; | Detection of Impact g 5 3 A % 91 52.0- Province; impact Social,
existing literature on the evaluation of urban resilience is mostly developed from a static perspective,
ChenL. Factors Based on | (ackinga systematic and dynamic understanding of the level of urban resilience. Therefore, this paper ;f;;?;l‘;::ﬁn factors; spatial Institutional;
Spatial takes Hunan Province as thy h object, ines the resil luation indicators, collects 1; w('mmwlﬁl autocorrelation Infrastructural;
Autocorrelation | the data of each indicator by using the observation method and the literature method, then chooses the analysis; spatio-
Analysis and comprehensive index method and other methods to measure the urban resilience evel of Hunan 81734706f7dec3d temporal
Province in the years of 2010-2021, and observes the dynamic changes in the resilience level. And, we 66e87c25fc72dd | 2%
GeoDetector Model: | qq the GeoDetector model to detect the dominant factors affecting the urban resilience level and the 7 differentiation;
ACase of Hunan | interaction between these factors. The results of this study show that: (1) The level of urban resilience in urban resilience
Province Hunan Province shows a steady upward trend from 2010 to 2021, but cities with low resilience levels assessment
hold a dominant position. Among all the level of urb: resilience is
(2) From 2010 to 2021, the level of urban resilience in Hunan Province indicates a stepwise spatial
structure in the spatial pattern, gradually decreasing from east to west. (3) The urban resilience of
Hunan Province from 2010 to 2021 has a significant spatial agglomeration effect, mainly manifested as
“L-H type” ion and “L-L type” ion. (4) The spatio-temporal di iation of urban
resilience is mainly caused by economic and social factors, while ecological, institutional, and
infrastructure factors have a relatively small influence on the level of urban resilience. The interaction of
impact factors will have a more significant influence on urban resilience. The research results of this
rticl f great signifi for urban resils in Hunan Province and even the whole
country. @ 2023 by the authors.
175 HuangH.; Study on the With the rapid of cities and urban the operation of cities is becoming 2023 |10.1007/s| hitpsi//www.sco Evaluation Y; N N current state N.A. city N.A. urban space; N.A.
Zhou'S.;Wang| evaluation method and the rieks of urban safety ding, which make cities prone to 10669 |PscomAimeard/| o eria; Index urban
: : become the place where disasters and accidents occur. Resilient cities can better adapt to changing record.uri?eid=2- B
W, LiR;Qin | and systemof urban | o oomene cone with uncertain risks, and achieve safe and sustainable development. In this paper, 023- 520 [system; Integrated engineering;
T;YuF. resiliencein China | the urban resilience model and evaluation techniques were studied, quantitative analysis model of 09926-x 85_1271]::5;;:": technology urban
urban resilience was constructed. An urban resilience multi-dimensional evaluation index system and :;694',23_0991; platform; mamagemetn;
evaluation methods and criteria sui Chi ies wel The method of urban Ri urban society
it lysis and optimization simulation was proposed, which included mechanism analysis, mds=0dba20b63|  gvaluation:
i and strategy optimization. Based on GIS system, the resilient city evaluation and €0228887b958df AR
comprehensive integrated management platform were developed, and i ications were 963010772 Resilient cities
carried out. The results provide favorable scientific and technological support for decision-making of
urban safety management and construction of resilient cities. © 2023, The Author(s), under exclusive
licence to Springer Science+Business Media, LLC, part of Springer Nature.
177 |LiuW.;ZhoulJ,;| Urban resilience Moden cities are facing increasingly complex challenges, and assessing urban resilience is crucialto | 2024 | 10.1016/j | httess/www.sco [ Eyol, analysis; Y N Y variation over N.A. province administrative Social, N.A.
LiX.;Zheng H.;| assessmentandits | mProve their abiliy towithstand various types of shocks and disasters, especially in the China's North- 5¢5.2023 PUS-COMII;W(M{ Nighttime lights; ferie boundary Economic:
p 2 3 South Seismic Belt with frequent tectonic activities and natural disasters. To address this issue, this record.urizeids=2
LiuY. spatial correlation study determined the weights of the assessment system based on the entropy weight method, and -105109 s20- North-South Infrastructure;
fromthe evaluated the urban resilience of four provinces in China's North-South Seismic Belt in multiple af lx?f:f::;i‘d Seismic Belt, Ecological
idi i i from the f society, economy, infrastructure, and ecology. Furthermore, we f”'m,'z m“m': China; Spatial
persp Acase explored trends of urban resilience and its spatial from partnerlD=40&m | correlation; Urban
Sy OHGUT 2011102021, Lasty, the assessment results wero ?la.llda‘ted and analyzed by four historical carthauake d5=bfSbe6eT6f6 .
X E cases using national polar-orbiting partnership - visible infrared imaging radiometer suite (NPP-VIIRS) 37bd30483c54dd
provinces in North- | ioyime light data. The findings reveal that the average urban resilience index increased from 0.027 to 8292ca assessment
South Seismic Belt, | 0.058 from 2011 to 2021, signifying a remarkable surge of 115.42%. Sichuan emerged as a consistent
China frontrunner in terms of urban resilience. Overall, the study area shows a spatial distribution pattern of
higher urban resilience in the east and lower resilience in the west, due to the larger population and more
developed economy in the east. However, the south has a higher average annual growth rate, while the
north has a lower average annual growth rate. A notable observation is the gradual reduction in the
coefficient of variation of urban resilience from 0.823 in 2011 t0 0.751 in 2021, indicating a decline in the
disparity of resilience levels. Meanwhile, Moran's | gradually increased from 0.2017 in 2011 to 0.4476 in
2021, signifying a in the spatial l of urban resil \d an evident
propensity toward aggregation. By selecting shifts in the total nighttime light index (TNLI) during
representative earthquake incidents as an indirect gauge of urban resilience levels, this study finds
congruence with the assessment outcomes, thereby further substantiating the precision of the urban
resilience evaluations. Policymakers should prioritize the allocation of resources to less resilient cities to
improve their ability to withstand and recover from disaster events. The urban resilience assessment
system in this study, despite its multidimensionality, may still not be able to fully cover all the factors
affecting urban resilience. This study provides a significant decision-making basis for policymakers in
urban development and disaster response, as well as a useful reference for building a more robust and
sustainable urban future. © 2023 Elsevier Ltd
178 | Mitrovi¢ S. Assessing Urban Resilient cities have emerged as novel urban ecosystems that respond to the increasing challenges of | 2023 |10.3390/1 | httes//www.sco geodesign; Y ¥ N scenario N.A. city sample area Landscape N.A.
ilievié N.: with urban Anew approach is needed to measure and assess and 12107 | PUscom/inward/ geodesign;
R ) the degree of resili f the urban landscape during the ongoing planning process, record.urideid=2- ’
Pjanovi¢B.; | Geodesign: ACase | yue ot planning and design scenarios. Based on this consideration, the first attempt o this study was 939 20 landscape
Dabovi¢ T. StudyofUrban | o develop a resilience index that summarizes the application of resilience theory in urban landscape 82?3“3’%? planning;
Landscape Planning | planning. s geodesign an appropriate tool o assess urban resilience? This was the main research iniowssnes|  resilience
in Belgrade, Serbia question and the topic of the workshop "IGC—Resilient City of Belgrade™ at the Faculty of Forestry, tnerlD=40&md5= assessment;
University of Belgrade (Master Landscape Studio). The main result of this research is a model for urban 54100ffea8221fd resiliency index;
resilience assessment with IGC geodesign, which allows to measure scenario changes through Sacfcdef00bf20c
developed resilience indicators (index), which are by a setof (area, 6 urban landscape
diversity, porosity, carbon sequestration, edge type, edge length, etc.). The methodological approach
allows quantifying the impact of adopted innovations in geodesign scenario proposals, which plays a
crucial role in strengthening the connection between landscape planning and design. In the context of
the novel urban i ban land: [ should focus on resilience as a measure to
achieve sustainable development goals, supported by geodesign as a collaborative and spatially explicit
negotiation tool. © 2023 by the authors.
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179 | NarieswariL.; |  Spatial Dynamic and of resilience tialin disaster risk reduction programs. 2022 | 10.5614/j | https:/iwww.sco Disasters; Y N Y scenario N.A. sub-district administrative Social, economic, N.A.
Sitorus S.R.P.; Model of Index- Furthermore, efforts are needed to measure resilience baselines to track changes over time and pwk.2022 pus.oomn‘nw.ard resilience boundary Infrastructure,En
—— " compare areas for monitoring and evaluating resilience development. Therefore, this study identified Jrecord.uri?eid=| 2 "
Hardjomidjojo Based Disaster dimensions and indicators for measuring resilience using a statistical approach and developed an index- 3337 2-520- indicators; spatial viromental,
H.; Putri E.LK. Resilience based spatial resilience model in a web-GIS environment. This paper presents the spatial distribution of 8514 istributi Institutional
urban resilience to disasters in City at the sub-di level. Factor analysis showed that 21 0i=10.5614%2fj
selected indicators could represent five dimensions of resilience: social, economic, infrastructure, pWwk.2022.33.3.7
and institutional. F the model results showed that 88% of the sub-districts SpartneriD=a08
were in the moderate resilience class. The spatial distribution of each dimension showed considerable md5=311f3f28(3
heterogeneity in its coastal and plain areas (city center) as well as better resilience in the social and 6252ci860800d
infrastructure dimensions than in its hilly areas. The hilly areas in the west have relatively better 2HableTiy
resilience than those in the east. These results can be used as a reference in managing resilience to
disasters. The model presents a spatial distribution of resilience based on an index that quickly provides
an overview of the conditions and determines priorities for increasing resilience in supporting disaster
risk reduction programs. © 20XX ITB, ASPI dan IAP.
182 | SebestyénV.; | Objective well-being |  Well-beingis a critical element of the 2030 Agenda for Sustainable Development Goals. Given the 2024 |10.1016/} | httesi//wwwsco | Composite Y Y Y current state N.A. city unit-pixel N.A. N.A.
TrajerAJ; level (OWL) complexity of the concept of well-being, it follows that its uires complex, i ecolind. 9“‘-“’"‘/"“'@:‘/ indicator;
I methods that can characterize the physical, economic, social and environmental aspects along with the record.uri?eid=2- 2
DomokosE.; | composite indicator mental state of a city. Although it is not sufficient to carry out settlement-level analyses to make cities 2023.111 20 Resilience
TormaA.; | forsustainableand |inclusive, safe, resilient and sustai Itis necessary patterns withi This 460 :iz?::::i?d enhancement;
Abonyi ). resilient cities work aims to present how the urban of urban well-being indicat be estimated m_w zozz.uﬁ Sustainable city;
based on GIS-based multilayer analysis. Open-source data, e.g. road networks, points of interest, green Urban
spaces and vegetation, are used to estimate urban well-being parameters such as noise levels, air &mds=f3d78715 macrostructure;
quality and health-related impacts supplemented by climate models to assess urban resilience and 70bSc3babb13d9 po
The proposed integrates 24 models into six categories, namely walkability, 11¢9e2571d Well-being
environment, health, society, climate change and safety, which are weighted based on a multilevel
Principal C Analysis to minimize i ion loss for indicators. The
study revealed two main components of the macrostructure related to well-being in the studied city: one
related to the geometrical features and the other can be derived from the structure of the natural
environment. In Veszprém a natural restoration of the detached house area, industrial area and
downtown is including with green and blue elements and
nature-based solutions. © 2023 The Author(s)
185 | SuarezM.; Urban resilience Urban resilience and how to assess it have become main policy objectives in the face of accelerated | 2024 |10.1016/j “"ﬂ‘J/"fWW-“° Policy analysis; Y Y N current state N.A. City N.A. Socio-cultural, N.A.
Rieiro-Diaz through green climate and other global environmental change. We develop a conceptual framework and an landurbp ir:‘:;:"‘u:;*::; Qnpial Inginal governance
£ assessment tool to analyse how green infrastructure policies contribute to urban resilience and discuss $ o 5
AM,;AlbaD.; | infrastructure: A baitiarsand s for el 15 frameworkls designed o analyss how lan.2023. $2.0- justice; Urban system,
Langemeyer J.; | framework for policy | resitience is fostered through six resilience factors: diversity, self-sufficiency and autonomy, i 104923 3511?:;:::5:1 green Economic,
Gomez- analysis appliedto | governance, social cohesion, leaming and innovation, and social-ecological justice. The assessment o5 m’, infrastructure; Ecological,physic
BaggethunE.; Madrid, Spain tool consists of a resilience index composed of 30 indicators. We use the capital city of Madrid, Spain, 104923&partnerl| Urban resilience aland
Ametzaga- o ‘acase s(udy,'Our results suggest tat planning polcies that focus on vuerevsble ne\ghbourhoo}d‘s and D=408md5=0657 iFilei technological
. includs for citizen are the policies that most effectively foster urban resilience. cfee781037cf5cf
Arregil. We also identified that financing and political will are major barriers for the implementation of resilience 995232e5e52de
policies. We assume that the proposed framework is suitable to assess to what extent local policies
foster urban resilience and suggest further testing in other cities. ® 2023 The Authors
187 |WangK.-F.;Lin| Assessingurban | Industrial developmentis a critical factor for the economic development of a country. This study applies | 2023 | 10.15666 | httpsi//www.sco | dynamic analytic Y N N current state N.A. city N.A. Vulnerability; N.A.
S.-W.;ChenY.{ resiliencein China | thefuzzy Detphi method (FOM) and a dynamic analytic network process (DANF) to develop a tool for the Jaeer/210 W“‘m/f;"'fa"’/ network process Urban enviroment;
) assessment of the resilience of industrial areas in Taiwan from the common-pool resources (CPRs) fecordnizeidnd; sl
H. from the perspective perspective to enhance the resilience of industrial areas and also ensure the efficient use of common 43137 20 (DANPY; fuzzy »
0f S0CI0ecoNOMIC | yrban disaster prevention resources. This study is innovative and may facilitate the assessment of the 36 35_126:::::;;6 Delphi method e"wmm?m;
and L ili industrial areas and the validation of interactions between urban resilience, industrial area ::“ﬁm ma (FDMY); resilience In.dustrlal
sustainability resilience and CPRs. The influencers of the resilience of industrial areas can be categorized into 5 13736&parnerld|  assessment; environment;
dimensions and 24 indicators. The i i ility, urban envi industrial =40&md5=f8febl I —-— Factory properties;
factory ies, and and Th and d 2f54b88194d888 Governance and
dimension is the most crucial, and the five indicators with the highest weights are emergency response 60942d3b582e governance; adaptation
and planning, pervision, employee f disaster prevention, and resilient
industry type. The lts indicate the i of and and response to the adjustment
importance of Ostrom'’s (2005) CPRs. The study can be used as a reference for countries assessing the indicators
resilience of industrial areas and developing adaptation strategies. © 2023, ALOKI Kit., Budapest,
214 | YangT.;Wang | Did Urban Resilience | Inthe contextof climate change, various natural disasters and extreme weather events are occurringwith | 2024 | 10.3390/1 | 10:3390/1and130 | Chinese provinces; Y N Y variation over Preparedness province inistrati Populati b
L Improve during irffmasingfrequenq. In additit?n, large-scale urbanization in Ehmavpos.es serious challenges to disaster and13030 30397 disaster resilience; time Response Recovery boundary Social, rapidity,
2005-2021? Evidence reslhenc.e.. The convergence of cllma.te shange and large-scale urbanization has made the enhancement of 397 entropy method; e
urban resilience (UR) an important for current This study analyzes the UR of 31 Py % Economic, redundancy,
from 31 Chinese | ouinces in China during 2005-2021 through the entropy method. A UR evaluation index system is indicators; urban Safeguarding | resourcefulness,
Provinces from the perspective of population resilience, social resilience, economic resilience, safeguarding facility resilience facility, adaptability,
resilience, and ecological resilience. The results demonstrate the following: (1) The overall performance of UR in 3 o .
3 2 ® 5 A e FE Ecological diversity, and
China is relatively low, with an average value of 0.2390. (2) Chinese provinces significantly differ in UR levels,
with Beijing, Shanghai, Tianjin, Zhejiang, Jiangsu, and Fujian being the top performers and Guangxi, Yunnan, biodiversity
Xinjiang, Gansu, and Tibet being the bottom. (3) From 2005 to 2021, the average UR value of the 31 Chinese
provinces significantly improved. (4) Generally, the eastern, middle, and western regions exhibit relatively high,
medium, and low average UR values, respectively. These research findings provide valuable references for
Chinese policymakers to adopt measures for promoting UR enhancement and urban safety. © 2024 the
authors.
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215 Khatibi H.; Navigating Climate The rapid increase in the global population is contributing to the urgent challenges we face in ensuring the 2024 | 10.3390/1 | https://www.sco assessment \ N N current state N.A. city N.A. Enviromental Connectivity
Wilkinson S.; Change Chall ility of our planet. Thi ic shift, which gained in the 19905, is closely linked to a and13030 WS-“’"‘/i""fa‘d/ framework; Redundancy
surge in natural disasters, both in terms of their frequency and severity. The quest for resources and improved record.uri?eid=2- .
Sweyall th.r?"'gh S.mm quality of life, including the need for housing and essential services, has compounded these challenges. With the 26 s20- ass'essmem tools; Robustness
Baghersad M.; | Resilient Cities: A | \,qiq's population projected to double by 2050, and approximately two-thirds of this population expected to 8518914186284 | - climate change; Independence
Dianat H. Comprehensive reside in urban areas, we are facing a complex web of i issues that will signif magnify the 0=103390%2f1 | smart city; smart
Assessment impacts of climate change-induced disasters. It is imperative that we build resilient cities capable of o D40RmdS= resilient cities;
Framework withstanding and adapting to these changes. However, the growing complexity of urban services and the lfb‘:l:ﬁﬂezdeﬂoni; urban resilience
necessity for integrated ions about the f th ilient cities to 93968501ed6701
comprehend and address the multifaceted challenges posed by climate change. In response to these critical ed3b

concerns, this study endeavors to address the intersection of resilience and climate change. We propose the
development of a Smart Resilient City Assessment Framework, comprising two core components: resilience re-
luation and smartness evaluation. Each consists of eight essential steps. The culmination of
these steps results in a semi-quantitative index that accurately reflects the city's position regarding resilience
and smartness in the face of climate change-related disasters. To demonstrate the framework’s practicality and
suitability, we present results from a hypothetical scenario focusing on water supply management, a critical
aspect of climate change adaptation. The framework equips city managers with the necessary tools to re-
evaluate their cities’ resilience, evaluate their capacity to address climate change-induced challenges, and make
informed decisions on integrating resilience and smart solutions to pave the way for a more sustainable and
climate-resilient future. © 2024 by the auth
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AUTHORS

Natural Capital Project - Stanford University, University of
Minnesota, Chinese Academy of Sciences, The Nature
Conservancy, World Wildlife Fund, Stockholm Resilience
Centre and the Royal Swedish Academy of Sciences

Finanziato Ministero
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InVEST - Integrated Valuation of Ecosystem Services and Tradeoffs

dell’'Universita
e della Ricerca

[taliadomani
PIANO NAZIONALE

ABSTRACT

https://naturalcapitalproj
ect.stanford.edu/software
linvest

217

Citta Metropolitana di Torino et al.

EU LIFE+ Project "Soil Administration Models 4 Community Profit
(SAM4CP)"

2018

http://www.samd4cp.eu/
https://webgate.ec.europ
a.eu/life/publicWebsite/p
roject/LIFE13-ENV-IT-
001218/s0il-
administration-models-4-
community-profit

21

o=}

Minciardi M. R.; Ciadamidaro S.; Rossi G. L.; Alberico S.; Grasso
S.; VayrP.

Modalita tecniche per 'analisi e il miglioramento della reticolarita
ecologica del territorio. Applicazione al territorio della Citta
metropolitana di Torino, RT/2019/3/ENEA.

The progressive loss of connectivity between the natural elements that characterizes the
territory of our Country requires the implementation of policies aimed not only to protect
but also improve ecological networking. Tools that can effectively and objectively guide
planning and design are necessary, including identification of intervention priorities. The
research carried out made it possible to highlight how, starting from maps of Land Use
with a detailed Legend, it is possible to outline a process starting from the analysis of the
existing ecological reticularity, up to to the definition of procedures for the planning and
design of its implementation and improvement. From the sample area of the Morainian
Amphitheater of Ivrea (TO), the reticular functionality of the entire territory of the Province
of Turin has been defined through the attribution of ecological values, in terms of
Naturalness, Relevance for Conservation, Fragility, Extroversion and Irreversibility to each
of the types of land use existing in study area. Applied research, carried out for and in
collaboration with the Metropolitan City of Turin, led to a methodological proposal that
represents one of the reference documents that became part of the Guidelines of the
Green System and of the Provincial Ecological Network provided for art. 4 and 35 of the
Implementation Rules of the Provincial Coordination Territorial Plan.

2019

https://iris.enea.it/bitstre
am/20.500.12079/6837/1
/RT-2019-03-ENEA.pdf

219

Regione Piemonte

DGR n. 52-1979 del 31/7/2015, Legge regionale del 29 giugno 2009, n. 19
"Testo unico sulla tutela delle aree naturali e della biodiversita™.
Approvazione della metodologia tecnico-scientifica di riferimento per
l'individuazione degli elementi della rete ecologica regionale e la sua
implementazione

2015

220

Governo italiano

Codice dei beni culturali e del paesaggio (D.Lgs. 42/2004). Gazzetta
Ufficiale della Repubblica Italiana, 24 febbraio 2004, n. 45

2004

221

SNPA

Consumo di suolo, dinamiche territoriali e servizi ecosistemici. Edizione
2024, Report ambientali SNPA, 43/2024

2024

https://www.snpambiente
.it/temi/suolo/consumo-
di-suolo-dinamiche-

222

U.S. Forest Service, Davey Tree Expert Company; The Arbor Day
Foundation; Urban and Community Forestry Society;
International Society of Arboriculture; Casey Trees; SUNY
College of Environmental Science and Forestry

i-Tree

2006

https://itreetools.org/

223

McGarigal K.; Cushman S.A.; Ene E.

FRAGSTATS v4: Spatial Pattern Analysis Program for Categorical Maps.
Computer software program produced by the authors; available at the
following web site: https://www.fragstats.org

2023

https://www.fragstats.org
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Py = total working-age population

£| =
5@ % A
E 5 [ Minimum
_g g£|8 .9, Exclusion Resilience e N. of Source + . territorial
HEARS 3 AR i Definition Direction Formula
HEE £ Criteria indicators Sources 1D scale of
=2 2 significance
HiS =
. . 1 A
" Density of buildings within a ==
Not aligned Y B i w; A
with urban selected area expressed with
A% Building e the Floor area ratio (ratio of a Joor area ratio (building density) o
i} resilience- Buildings A 2 97,182 negative total floor area of the building (the % sub-district
s density building's total floor area to sum of all floor spaces in the building)
< the size of land upon which it A; = the size of the parcel upon which the
evaluation is built) building is constructed
s
N=2
" Concentration of sales R
Businesses i = . -
. , idi facilities - categorized by size| = N = business and retail establishments unit/10,000 > v
2 and retail Buildings whon pussible - Infelation t 1 214 POSItiVe | 5o umberof sales facilities in the selcted inh district
establishments 2 % area A
the resident population P = total population in the selected area
0
NoE
Enel i
Notrelevant at d s Energy efficiency of the . N = energy performance Y
X 3 dismictscals performance Buildings existing building stock 1 30 postive 0= amount of output the appliance % sub-district
of buildings delivers per unit area, per year
C=amount of energy it consumes to
deliver this output per unit area per year
A
N=t
Surface occupied b A
fformal informal s ttlpm nt);
P I ettlemer ” i
x 4 settlements at Buildings 5 2 2 30,179 | negative | A=informalsettiementsat risk % district
nomadic cam, ille AT
= (nomadic camps, illegal Ay= area occupied by informal
risk in high-risk settlements in high risk area
camps...) in high-risk areas ‘Ac= total surface of the selected area
. As
Not aligned N=
with urban Major accident Presence of estabilishments ‘
x| x 5 resilience- hazard Buildings that fall into the Seveso-IIl 1 187 negative najor accident hazard establishment % urban
e Ag=surface of the Seveso zone
focused establishments EU Directive A, = total surface of the selected area
evaluation
Percentage of buildings ity
Not aligned completed after 1971, the Ve
with urban Buildings year when the seismic safety’
o _ " . N=proportion of buildings built after -
X 6 resilience- | completed after Buildings law was enacted in Italy, 2 58,214 | notdefined | g4y % sub-district
focused 1971 compared to the overall ﬁ;}= ar;z ;mrpred by buildings built
3 i - after1
evaluation building stockin a selected A ; tortal area of the building stock
area.
Not aligned
Wit urban Proportion of industrial areas|
2 e . N= proportion of industrial area e
X 7 resilience- Industrial area Buildings withinasolectad area 1 187 not defined clit SF P Rcs G CTOLaE 1 55 % district
focused selected area
evaluation A= total surface of the selected area
Nk
%
Local Number and location of N= local associations unit/10,000
X 8 Rz Collaboration , B 2 173,214 ositive y Y sub-district
Associations active local associations P L= hombe) of locl sssoctadons inthe inh.
selcted area
P = total population in the selected area
Proportion of individuals
Not aligned who have been officially n=l
with urban Certified recognized and documented 2
X 9 resilience- " . Demography as having a disability by 2 179,214 | notdefined ertified disabilities % sub-district
fosiiasd disabilities ielovant autho-tiss — inhabitants with certified disabilities
" X R=total population in the selected area
evaluation compared to the population
of a selected area
Proportion of households 0
that own their residence NSg
Home compared to those who rent 11,126, 23 N=h sl Eodi
X X 10 " Demography g 4 positive =2 B0BIR oWnersiip, % district
ownership or occupy their homes 179,214 0= number of home-owning households
through other means within H= total number of households
aselected area
M
V=g
w
Difficult to Proportion of the population
: Minimum tiving 75 e pon .. | wes———— -
x|x|[x|[11 Spatially standard Demography [ receiving the minimum wage 1 149 negative M=number of inhabitants receiving % sub-district
Represent in the city minimum wage
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£l =
5|3 -
E E u [ Minimum
2 £|8 -,9, Selec Exclusion Resilience . s N.of  Source . . territorial
HEAE g 1D . S e Definition Direction Formula
Slela £ tion Criteria indicators Sources 1D scale of
£|2 2 significance
alw
number of births and the § .
number of deaths in a given NS ePR=Lan
5 2 37,48, 86,
opulation over a specific A - N = Natural Growth or Natural Increase Tinn
x 12| 1 Natural growth | Demography | """ o P P 7 [100,120,| positive | popattonchity count district
periad: itmedsuresithe 177,214, CBR= Crude Birth Rate
organic increase or decrease Crude Death Rate
in population size, excluding
11,30,31, y?
64,97, N=
Population Number of resident people 100,705 % N : 5 R
x X 13 Demography _ 14 120,126, | negative density of resident population unit/km sub-district
1 density per unit of area 149,173, thabitants in the selected area
h 173 tal surface of selected area
182,191,
214
Population with Proportion of the population 58,64, 97, = ® - adiicati s
x 1] 1 Demographn 4 ositive opulation with higher education o sub-district
higher education graphy with higher education 214 P inhabitants with higher education o) ub-d
P = total population in the selected area
. " u
Number of beds in various 36,37, 48, N=5
62,64, 86,
. medical and health i % / ok
S ,126, . = unemployment rate
X 15 of Rate D Wy 4 tothe 14 131,149, negative U= riiiabir o ifbian regisiiradl % urban
resident population whithin a| 152,173, unemployed
sulactad araa 177: i P= total population in the selected area
Hourly amount of pollution
removed by the urban forest,
and associated percent air
quality improvement Based on
Air qualif Ecosystem throughout a year. Pollution 9,21,150, ” Based on the chosen evaluation | the chosen Goan
X 16 1 A . y e 2 . 3 o positive % district
improvement services removal is calculated for 223 model evaluation
ozone, sulfur dioxide, model
nitrogen dioxide, carbon
monoxide and particulate
matter 2.5 (<2.5 microns).
Amount of carbon retained in Based on
Carbon Storage 3 i o
Ecosystem ecosystems, primarily in 9,44,178, = Based on the chosen evaluation | thechosen e
x| x 19 1 and 2 . ) 3 positive ) sub-district
. services vegetation, soils, and 216 model evaluation
Sequestration
wetlands model
This supporting ecosystem
service :gsessss the yuality ey
Ecosystem a 21,44, - Based on the chosen evaluation | the chosen —_—
X 18 1 Habitat quality of natural ecosystems for 3 150, 216, positive district
services . . N model evaluation
maintaining biological and 217 frenem
genetic diversity on Earth
Predictions on the spread of
erson-days of recreation,
P 4 . Based on
N based on the locations of -
Recreation Ecosystem - Based on the chosen evaluation | the chosen e
x| x 19 1 3 natural habitats and other 1 44,217 positive - district
opportunities services N model evaluation
features that factor into model
people’s decisions about
where to recreate
Heat mitigation based on
shade, evapotranspiration,
b " 4 Based on
Ecosystem Albedg andigtance fiom Based on the chosen evaluation | the chosen
X 7% [ 20 1 Urban Cooling y cooling islands. The index is 1 21, 216 positive J sub-district
services . model evaluation
used to estimate a
Z model
temperature reduction by
vegetation
Provides information on two
Based on
Urban ES related to stormwater s
Ecosystem 21,36, - Based on the chosen evaluation | the chosen -
X 21 1 Stormwater < management: runoff 3 positive ¥ sub-district
3 services : 150, 217 model evaluation
Retention retention, and groundwater thadal
recharge
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g E|S -,9, Selec Exclusion Resilience . s N.of  Source . . territorial
21 EI'S ] 1D . S e Definition Direction Formula
Sl el £ tion Criteria indicators Sources 1D scale of
=2 2 significance
aly i
This is a regulation
ecosystem service provided
by aquatic and terrestrial BassdGi
ecosystems, which filter and
ef c e . L 44, e e e chosen e i e chose
Water Ecosystem 21, 44, Based on the chosen evaluation | the chosen
X 22 1 N 4 decompose organic waste 2 positive 5 urban
Availability services S 217 model evaluation
entering inland waters and model
coastal/marine ecosystems,
thus contributing to potable
water supply
Estimates the relative Bassdion
1 = e
contributions of water from .
Ecosystem 21,150, g Based on the chosen evaluation | the chosen s
X 23 1 Water Yield £ different parts of a 2 positive . district
services 216 model evaluation
landscape (Annual or
; model
seasonal water yield)
A
N=%
11, 48,62, P
Presence of accomodation 86, 1 " . .
Accommodation 0, s N=Adaccomodation places unit/1'000
X X 24 1 \ Emergency | places (hotels, hostels, B&B, 1 103,120, positive P=number of accomodation places inh urban
piaces etc.) 149,152, (hotels, hostels, B& inh.
2 173,214 P = total population in the selected area
N=D
Erergenc Number of doctors, nurse i s
iffi ot e energengy madical trestiet
Difficultto medi aly anche technicians, “P;,',',',',;z""") pedicattreatmen
" edic: . P i
X x| 25 0 Spatially Emergency specifically intended for 1 175 positive D = number of doctors, nurses and count urban
Bamiaaa treatment R technicians, specifically intended for
eprass capability R emergency intervention in the
the selected area selected area
3 £
Temporary housing facilities N= 5
established to provide refuge 11,31 ’
Emergency N dice it N=emergency shelters Wi
X X x |26 1 Emergency and support for individuals 2 126,175, positive unit/inh. urban
shelters apacity of temporary housing
and families during 187,191 units available
emergencies P= total population of the selected
L
Designated routes planned M=y
Evacuation to safely guide individuals o _— : . o
X x[27]| 1 Emergency e 2 31,36 positive N=evacuation routes Kkm/km® district
routes away from danger zones L= lenght of evacuation routes
during emergencies A= total surface of the selected area
N= s
T=F
Fire and police Presence of fire departement 36,58, - o= re8nd pollce séation -
X X x| 28 1 .p Emergency v X b S 4 positive S=sum of fire and police department count district
stations station and police station 182,187 station in the selected area
P= total populaiton of the selected area
Number of public
administration (e.g. i E
municipality) employees P
Difficult to Public dedicated to managing N=public administration personnel count/1,000
x x|29| 0 Spatially Administration | Emergency administrative functions 2 58,97 positive f;”/"””";“’f”""”‘“d"’”"”’"‘”" 'nh' urban
% employee: inh.
Represent Personnel across critical areas (such as| P = total populaiton in the selected area
health, safety, urban
planning, and disaster
)
s
fi=2
Total amount of water P
consumed by both the 5
Trained Y o | M= iedpopiinton count/1,000
X x |30 1 E Emergency |resident population and non- 2 36,179 positive number of inhabitants who have F urban
population identsi \ - attended safety courses inh.
fesidentsin & selscted area P= total population In the selected area
during a year
w
N=—
Precence of warning and A
Warning and reporting systems/hazard 1 N= warning and reporting system
g Sy 36,126, 't eporting sy
i icti i it W= number of warning and reporting (o2
X X x |31 1 reporting Emergency | prediction capa.ble of helpin 5 175,179, positive systonss/hasard predictlon ablé t2 belp unit/km urban
systems the managing of the 214 manage the emergency
emergence A= total surface of the selected area
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£ =
5= =
£ ;:: ] Minimum
2 £|.8 ,~‘3 Selec Exclusion Resilience o e N.of Source . . territorial
S| £|T S NN S gy Definition Direction Formula
Sl ela £ tion Criteria indicators Sources ID scale of
<3 @ A
= £ significance
HE N :
Number of sites and
buildings of historical, Z We
artistic, cultural or natural =
interest that define a N= number of sites and buildings of
. X historical, artistic, cultural
community's heritage, such or natural interest
Hiitolis as: assets with natural w= numhr;rala;.rct\'u/'/rh natural
s Ho . ‘beauty, geological singularity or historics
Jle beauy, gological ingulary ey
x| |+ 32 ] ” Heritage or historical memory 2 positive villas and any historic parks; buildings count sub-district
natural heritage (excludi tal based on of aestheticand traditional value,
assets and sites excwaing monumenta 220 including historic centers; panoramic
rees); villas and any historic auties and viewpoints.
trees); villas and any histori be. d
S g n= total number of the elements consider
parks; buildings of aesthetic
and traditional value,
including historic centers;
panoramic beauties and
viewpoints.
.
?
Religious § Presence of religious » religious facilities § unit/10,000
X X x |33 1 s Heritage 2 ¢ 2 58,120 positive number of religious facilities :
facilities facilities/services total population in the selected area inh.
11,37, 48, =
62,64, 86, N= disposable income
Difficult to . . . 90,97, 1= net income per capita
3 Disposable Urban disposable income 100,103, i
) 34 0 Spatially Income B 17 positive €/inh. urban
income per capita 131,149,
Represent 152,173,
177,191,
214
Not aligned N =GDP
with urban e N=Gross Domestic Product:
x[35| 0 resilience- GDP Income Gross domestic product 5 S positive GDP= Consumption + Investment + € regional
P—— 03,191 Government Spending + Net Exports
evaluation
Notaligned 11,37,48,6 N = GDP per capita
with urban £
. . Gross domestic product per 2,86,97,10 - Groos Domestic Product: . .
x |36 0 resilience- | GDP - per capita Income S 13 0,131,149,|  positive GDP= Consumption + Investment + €/inh. regional
focused capita 1731771 Government Spending + Net Exports
i 91,214
evaluation .
N=P
Market value of housing
S PN N=housing prices
roperties in the residential R i Y
X 37 1 Housing prices Income op L 1 121 positive P=average price per square meter e/m’ sub-district
sector for each territorial referring to residantial buildings
zone
¢ T
Not aligned N=%
Wwithuban Local ta: Amount of local ta:
i cal tax per u cal tax per 36,37,48,5 . = or 8
x|38| 0 resilience- % L Income 5 R 6 notdefined | = localtax per capita g €finh. urban
capita capita 8,62,152 T=sum of different form of taxes
focused P= total population of the selected area
evaluation
Population living within a N: to the highway
Access to the | Infrastructures e . 100, 130, - er of inhabitants wi e
x|39] 1 specified distance from a 3 positive H= number of inhabliants within a. % district
Highway and network 5 4 173 specilied distance from a highway
highway entrance or exit access
P= total population in the selected area
L
N==
a
Extent of bike lanes and
Cycling Infrastructures A N=cycling infrastructure 5 < %
X 40( 1 . shared paths within a 1 30 L = lenght of bike lanes in the selected km/km sub-district
infrastructure | and network alactid arag R
electe re.
A = surface of the selected area
-
a
Density of Infrastructures | Surface covered by sewers - N=density of sewers in buit-up area e
X | x x |41 1 o X h L 1 n positive area covered by sewers network % district
sewers and networ system over the total area e b tal st o the sedochid Srew
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E|E g
S| g|= S 0 Resilience o ource erritoria
2| €18 ] D op De 0 Directio o a
o g » E eria dicato 0 e D aleo
-“"é 2 & g ance
3|
L)
T
, 37,48, 58, S
il s 2 ko Drainage system| Infrastructures | Surface covered by drainage 5 s positive N= dmfmgt'ﬂ;!;'ﬂ;" buit-up areas - T
) g D =area coverex Irainage system
in built-up areas| and network | system over the total area i Ay n;Vm‘p,pfm,yﬁm
N
: Density of fixed phone users N
Not aligned A i . r
. within a selected area )
with urban Fixed-li s tha Bumbar ar A wd;”efll‘m’fh
2 Infr: e as : N=number of fived phone connections s
x |43 resilience- = 2 2 126,173 |to be defined| ,_ iis 15 calscredd ares unit/inh. urban
s phones and network | fixed phone connections P= total population in the selected arca
. relative to the total resident
evaluation
population
G
=2
i a
Datais not Proportion of area served by
readily Infrastructures P y 86,97, X gas penetration
X x| 44 2 Gas penetration a natural gas supply network 4 to be defined wrea covered by gas network % urban
available at and network e e tohitaren 173:218 otal surface of the selected area
district scale
B
Not aligned M=
with urban Area that is served by - >
h Infrastructures ; Y 1158048, - A= nleraat users
X x |45 resilience- Internet users broadband internet 7 152, 62, positive rea covered by broadband Internet % urban
focused annetwork infrastructure 100,214 ok
* A= total surface of the selected area
evaluation
K
s N==
Not aligned P
with urban Proportion of mobile phone 84,103, s il g 0
< " Infrastructures P op 152,173, o N=mobile phanes unit/10,000
X x 46 resilience- Mobile phones users to the resident 8 positive N= number of mobile phone users . urban
focused angdinetivork population 37,4897, P= total population in the selected area inh.
214
evaluation
P
N==
Not aligned G
with urban N=parkings
= Infrastructures | Proportion of parking area - Bl S .
X X 47 resilience- Parkings P % E 2 30,120 positive P=surface of parkings in the selected area % sub-district
focused and network over the selected area A= total surface of the selected aréa
evaluation
Distribution and
concentration of public
transport supply, availability
Public Infrastructures and number of public 11,82,64, - Kernel Density formula 2 —
x| 48 7 86,97, positive unit/m sub-district
transportation and network transport stops, 100,173
encompassing various
modes of transportation
(buses, trains, trams, etc.)
Distribution and
Public water | Infrastructures % 7 < 2 >3 3 oy
X x| 49 concentration of publicly 1 120 positive Kernel Density formula unit/m sub-district
fountalny and network accessible water fountains
R
Not aligned Proportion of land allocated Ly
with urban to roads (including urban
e Infrastructures ,( s o road area o
X x | 50 resilience- Road area and netiark streets, highways, and other 2 86,126 positive rea covered by roads % district
focused transportation pathways) A= total surface of the selected area
evaluation over the total area
Itmeasures the level of :
Zc 23 Formula depends on the variables s %
Walkability Infrastructures | mobility and accessibility for 31,121, i . N adimension N
x x |51 . ) 3 positive considered, which vary according sub-district
Index and network pedestrians in a selected 182 2 al
area to each specific case
w
. =z
Not aligned i A
Wi ulrzban Proportion of area that has
aL Water service | Infrastructures access to a reliable and 12:20,7, o vater service coverage
x x | 52 resilience- B3 ) 7 48,86,97,| positive W=area covered by urban water % urban
f d coverage and network | sufficient supply of drinking 215 service
evifl?:teion sotector hasia needs A= total surface of the selected area
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HE
w
N
Proportion of areas that are
Infrastructures rone of excessive " vaterlogging o
x| 53 Waterlogging 8 X P Lati ¢ 1 28 negative rea at waterlogging risk % sub-district
andnetwork | accumulation of water over A= total surface of the selected area
the total area
s
"= z pi Lnpi
=
Land use Variety and mixture of s 2 = adimension e
x| x 54 3 A Land use _ i 2 21,150 positive Pi = (number of polygons of " land use sub-district
diversity different types of land uses classes/ (total number of polygons 5) al
s
Fawi=1-)(%)
Degree to which the =
Landscape landscape impedes : o . fvi ¢ adimension o
% 55 P Landscape pe mpec 1 178,222 | negative LDI= Landscape Division Index sub-district
fragmentation movement among different a, = area of the iii-th patch al
patchas A = total landscape area
It measures the uniformity of
Shannon different land use patches H Z!“ Lupt
diversity index- within a landscape structure. | = adifenslen
. 121,178, o - . . imensi T
X 56 SHDI Landscape |The higher the value of H, the 3 positive Pi = (number of polygons of 'i" patches sub-district
; e 36,222 / (total number of polygons $) al
(Landscape higher the diversity of
diversity metric) species in a particular
community
ok
a
Natural/green |Proportion of forest coverage 37,48, P g
X x| 57 Forest cover & P ¥ 3 positive % sub-district
spaces over the total area 214
Green coverage 5 5
Proportion of green covered atural and seminatural areas
58 (naturaland | Natural/green Skl and s [37.48.58, it surface of Land use/Land cover % b-district
X seminaiural S areas (natural an 126,173 positive ioss relotéd to hatural and sub-distric
seminatural) over the area seminatural areas in the selected area
areas) A= total surface of the selected area
oG
Lot area occupied by green B
30, 37, 48,
Green urban Natural/green | urban spaces compared to S opid N=green urban spaces -
x x |59 : : 6 | 126149, positive ot ofgreda or cesinthe m¥inh. | sub-district
spaces spaces the resident population P G=surface of green urban spaces in the
173 selected area
whithin a selected area P= total population in the selected area
1
L
Proportion of impermeable
s Natural/green | surfaces that prevents the 36,44,149, . I seIes o
x | 60 Imperviousness 8! . N b N 4 negative I=impermeable areas % sub-district
spaces infiltration of water into the 178 A= total surface of the selected area
ground, over the total area
. . _ NIR —Red
Normalized difference = NIR +Red
vegetation Index. It provides -
; " N= Normalized Difference Vegetation : .
Natural/green informations on the 100,177, s Index, where Red and NIR \.,ﬁ,,,,,,m,. adimension e
X 61 NDVI o 3 positive sub-district
spaces presence and condition of 182 spectral reflectance measurements al
) i acquired in the red (visible) and near-
vegetation on the Earth's infrared regions, respectively
surface
N=
i rotected areas
Natural/green hroportioioT R roigsted . urface of the protected areas o
X x| 62 Protected areas spaces areas sourface over the total 1 30 positive A= total surface of the selected area % district
area
T
=3
The ratio of publicly
Public Urban Natural/green | managed urban trees to the s N=public urban trees " y —
x| x 63 L 1 120 positive T=number of public urban trees unit/100inh.| sub-district
Trees spaces total population in the

selected area

P=population in the selected area
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S &
alw
Gk
a
Proportion of ground area /= tree cover density
Natural/green P G . Z ox ”'"','!;Z"”" ; -
X 64 1 Tree cover covered by the canopy of 2 9,173 positive a8 covened 3y, tde canopies % sub-district
spaces el A= total surface of the selected area
ee:
w
A
Natural/green | Proportion of wetland areas s = e
X x|65| 1 Wetland areas G i 2 28,214 positive = wetland area ratlo % district
spaces over the total area W =surface of wetland
A= total surface of the selected area
N=X
Fansand Planning and Dissstermanagsment . N=plans and strategues for CCA& DDR
x|(66| 1 for Foaramming CA plans or 2 36,126 positive P=number of plans or strategies in the count urban
CCA&DRR strategies Saleciad s
Proportion of investment in N=/ao
Difficult to Investment in geohazard prevention and investment in geohazard
iC! " o T . =
5 prevention, Planning and control, innovtive » L= investaents In hazard prevention, X
x| x |67 0 spatially » " ¥ . 2 126,214 positive Innovative technologies for risk % regional
roprosent pi for risk assessment and mitigation systems
answer systems assessment, mitigation GDP=Gross Domestic Product
systems... Relative to GDP
Number of days with N=]
concentrations above the 11,30,37,
. 1 Al i Potiuti local norm or standard for 4 48,64, 97, < d distri
x r pollution ouution | oy eriteria pollutants (NHs, 149,15, | Negative concentrations above the local norm or ays istrict
W 50, s standard for key criterion pollutants
X, PM 2.5, PM 10, SO,) in a
selected area.
Not aligned . =
with ufban Level of noise above EU V=K
(o . standards: Lden>=55dB, & N= noise pollution o
X 69 0 resilience- | Noise pollution Pollution 2 86,182 negative - dB sub-district
s P Lnight>=500B in a selected & K=level of noise above EU standards
. area
evaluation
N=K
Number of days exceeding N=waterpoilution
" - Enviromental Quality . umber of days exceeding e
X 70 1 Water pollution Pollution Standards (water) ina 1 126 negative Z;Z.r:'r‘“" jal Quality Standards in the days district
selected area
E
N==
Not aligned < 30,36, 48, P
) Total consumption of natural 64,97,
with urban Energy Resources / Sas o d elcticityfrom 0‘1 i nergy consumption
s el c 120,131, 3 S A ; @ s
x| x 71| o resilience- T Resources S N 1 negativo nergy consumption of the toe*100inh.|  district
fosiisen consumption cohsumption distribution networks in a 149,152, community in the selected area in a
100, 187, et
evalustion selacted area i P=total population in the selected area
v E
R
Local Resources / Proportion of land used for . .
: T 21,30, » local agricultural production area -
X% 72 1 Agricultural Resources food production within a 4 131' 21‘4 positive irea used for food production % district
Production Area | consumption selected area. A= total surface of the selected area.
N=z
Not aligned Propoprtion of energy .
with urban Renewable Resources / derived from renewable N = renewable energy
s - energy consumption of the -
X 73 0 resilience- cherey Resources sources as part of the total 2 36,149 positive community In the selected area in a year % district
focused consumption | gross energy consumption in (expressed in kWh) that comes from
evaluation a selected area ranpiabie goucces
energy consumption of the
community in the selected area in a year
Not aligned Total amount of water 30,36,48,6
with urban Wat Resources / consumed by both the 2,100,120,
. 2 er 8 : 5 N= water consumption i
x| x 74 0 resilience- Resources |resident population and non-| 12 121,131, negative Ao A iisnerconsumel Vinh.*year district
focused i in a selected area 173,187, P= total population in the selected area
evaluation during a year 214,215
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3|
o
G
N=<
P
Accessibility to . !’ercen(aga of population B W docessibiliey bo green dchin s -
X 75 1 green urban Services with access to a green urban 2 30,185 positive G=number of inhabitants living less % sub-district
than 300 m from green areas
I{
spaces area less han 300m awny P= total population in the selected area
. B
Number of beds in various N=3
medical 36, 62, 86,
Beds in health ) and health institutions 100,103, . Pl s ol -
x |76 J & % Services E 8 positive =.number of bed I health celiters unit/inh. urban
institutions compared to the resident 131,177, and in health insititution
population whithin a 191 P= total population in the selected area
selected area.
Total area dedicated to
" equipped recreational and
Not aligned quipp 8o
¥ sports facilities, regardless N
with urban Equipped
X 77| 0 resilien: recreational Services ofwhether they ars located 1 120 0siti ?finh sub-district
esilience- ‘ecre; ervice: S itive - m-/inh. -ali C!
within green spaces or urban P N=equipped recreational area
focused area ; . Ay = sum of ali equipped facility areas
avalustion settings, available for the R= total population in the selected area
population in a selected
area.
D
N==
Number of general P
Bt 11,37,48 ’
General % ractitioners compared to 2 G unit/10,000
x |78 1 Services P N P 7 100, 131, positive neral practitioners 3 urban
practitioners the resident population 152,179 umber of doctors inh.
bt solactad Arag g P=total population in the selected area
gl
Lot area occupied by YT
Hospitals and i hospitals and health conters 11,173, " N = hospital and health centers L .
x |79 1 Services relative to the number of 3 positive H=lot area occupied by hospital and m*/inh. district
health centers inhabitants whithi 187 health centers
INNELNANTS WALHIN &, A = total population in the selected area
selected area
M
Lot area occupied by N=
. markets compared to the oo L
x| x 80 1 Market Area Services 2 pv S 1 120 positive N = market area m?%inh. district
resident population whithin a| M= lot area occupie dby markets
selactsdarea R = total population in the selected
area
s
N=Pi=3
Proximity and accessibility to
. basic services, such as food threshold | V=proximity Index expressedasa :
81 1 Proximity Index Services ) 1 31 percentage % sub-district
supply, education, health, value S= inhabitants near basic services
sport or cultural facilities R= total population in the selected area
N=T
The estimated time required
e i N =proximity to hospitals
Proximity to . to reach the nearest hospital 7 = i
x x|82| 1 = Y Services e 9 1 126 negative T (1n nioeded 10 redol the iearast s sub-district
hospitals or health institution from the hospital
selected area.
E
Lot area occupied by public N= P
Public and educational facilities (such
58,97, N =public and affiiated educational
x 83| 1 Affilated sereas | (agschoolsicolloges;and s |120179,| positive | feies Zfinh. | sub-district
ervice: PR 3 , 179, e . m?/inh. - c
Educational universities) relative to the E =lot area occupied by educational
3 : ¢ 7 214 facilities
facilities number of inhabitants in a P= total population in the selected area
selected area
L
N=p
Lot area occupied by public
s r F: : libraries relative to the e =public libraries et
x 84| 1 Public libraries Services f1nhEbE ) 1 8 positive | L= /otarea occupied by public libraries m?inh. | sub-district
number of inhabitants in a R= total population in the selected area
selected area
5
w=2
A Lot area occupied by sport L3
Public or s p. y e -
, facilities relative to the s ublic or affiliated sport services - —
X 85 1 affiliated sports Services i X 4 1 120 positive Jot area occupied by sport services m*/inh. sub-district
number of inhabitants in a
facilities s P= total population in the selected area
selected area
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w
o
Proportion of population N= social allowance
Social N receiving income support 58, 103, . nhabitants receiving income support -
X 86 1 Services 3 St negative eds from governmei % district
allowance from the government for 214 & ;‘" askcnsedt (om government
p = total population in the selected area
basic needs
-
P
ssistance
Social _ Proportion of population 126, = inhabit receiving socia e
x| x 87| 1 5 Services o A RODH 4 i negative S Ingabiranls recelving ol % district
assistance receiving social assistance 175,179 assistance
P=total population in the selected area
g8 = -
HE 3 Minimum
2 £|.8|5 2 Selec Exclusion Resilience _— N.of Source ) . territorial
HEEIEE] 0 . SR P Definition Direction Formula
Sl elé £ tion Criteria indicators Sources 1D scale of
22 B significance
alw
Surface and location of n=2
unused, abandoned, or A
underutilized areas, typically| brownfield sites
X x|88| 1 sites used forindustrial| added negative ocal area covered by bownleld iies % sub-district
3 in the selected area
or commercial purposes, A = total surface of the selected area
which may have potential for
redevelopment
N=K
Number and location of
Renovation of renovation interventions (e.g. A= heovation o ik bulidings
x x|89| 1 S Buildings £ | added positive | K=numberofinterventions in the count district
public buildings energy efficiency upgrades selecte area
...) of public buildings
N=K
Number and location of
\laborati t N= collaboration pacts
Collaboration corAnoravo Bareemane » K=number of coliaboration pacts in o
X x| 90 1 aiis Collaboration | with citizens for the shared | added positive the selected area count district
C1 ez
3 management of buildings,
schools, and public spaces
A
Lo
Not aligned The number of the elderly .
with urban aged 65 years and over, per radhoid f:‘,’f;z;‘,’z",ﬁ:‘,?g:‘:',’;m i5and
. " o e = Loty
x 91 0 resilience- Aging index Demography | 100 individuals younger than| added (e (100) older than 6¢ count district
z 5 value = tota o sel .
fociisad 14years old in the specific P= total population in the selected area
evaluation population of a selected area
Total number of available
beds in student housing that »
Badsin is provided through g;sl:glm ofbeds inafliliated student
x x |92 1 il D gl between added positive H=number of beds in afliliated student % sub-district
" ¥ e housing
student housing educational institutions and P= global suiface of the seléctsd aréa
housing providers (affiliated
or subsidized housing)
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3|w
o
Proportion of Not in N= N
Education, Employment or P
93 1 NEET Demography | Training (NEET) individuals | added negative % district
o : N
onwhithinthe population.of P=population of the same age group
aselected area
Ecosystem Service of
regulation and provisioning
thatis fundamental for the Based on
Crop Pollination o .
Ecosystem productivity of many crops. - Based on the chosen evaluation | the chosen —
94 1 (Pollinator PEQES added | 216,217 positive sub- district
services Plant fertilization and, model evaluation
Abundance) consequently, food model
production partly depend on
wild pollinator species.
This provisioning ecosystem Based on
s Ecosystem service (E.S.) is linked to o Based on the chosen evaluation | the chosen Ay
95 1 Crop production added | 216,217 positive ) district
services human land use for model evaluation
productive purposes model
This regulation ecosystem
service (E.S.) evaluates the -
- capacity of healthy soils to .
Erosion Ecosystem 2 Based on the chosen evaluation | the chosen fie
96 1 e R reduce the removal of the added 217 positive . district
Mitigation services s S 5 model evaluation
topsoil layer (rich in organic i
matter) caused by surface
runoff and rainfall
This regulation ecosystem
service is provided by
aquatic and terrestrial Hasadion
N ecosystems that filter and -
Nutrient Ecosystem s e Based on the chosen evaluation | the chosen o
97 1 % 2 decompose organic waste | added 217 positive 2 district
Retention services N model evaluation
entering inland waters,
: model
coastal, and marine
ecosystems, supporting
potable water supply
This provisioning ecosystem Based on
Wood Ecosystem | service (E.S.)is directly tied G Based on the chosen evaluation | the chosen e
98 1 R y % ( 9 ) Y added 217 positive 2 district
production services to soil quality and the market model evaluation
demand for goods model
D
Number of facilities, N=Z
systems, or measures that
= 3 N=disaster defensive infrastructure
Disaster can be utilized for managing D= number of disaster defensive
emergencies to withstand - instrastructures referring to facilities, — .
99 1 defensive Emergency added positive systems, or measures that can be utilized unit/m district
irastiuctine and respond to naturat for managing emergencies
disasters (such as floods, A = surface of high risk areas
hurricanes, wildfires, or
hearthquakes)
The sum of indicators that
testify the presence of
documents and initiatives
that preserve the memory of N = total score summarizing disaster
- ? 2 memory preservation
Difficultto | o @ vationof adisaster, such as: x= Binary variables (1 if present. 0 if no
x (100 © spatially " Heritage photographic or written added positive representing. k;{,; elements that reflect th count district
z cai preservation of disaster memory
fepresent archives, associations that = total number of theelements consider
preserve the memory of the
event, cartographies or
maps, community memory,
traces of past measures
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S|lw |
o
The sum of indicators that - i
testify the presence of: local ¥ k-uX.
Integrated incentives, community N = total score summarizing the
A R presence of integrated strategies for
Difficult to Strategies for involvement and ‘heritage conservation, promotion and
Heritage articipation in the = inpovation. S
X x {101 spatially g Heritage P . p added positive x = binary varfables (1 if present, 0 if count district
rapresent Protection, legislative process, 1n0t) representing key elements that
Promotion, and digitalization and remote reflect the presence of integrated
Innovation systems for assets, and a ;ﬁ;‘fg:;‘:;g‘;ﬂﬁ‘;;;’,""“"""”"‘
heritage digitization n= total number of the elements
Aatabase considered
The sum of indicators that
testify the presence of: best
practices for conservation of N = total score summarizing the
. presence of good practices and
landscape, territory or control of heritage
Difficult Preservation of heritage, associations that x= binary variables (1 if present, 0 if
ifficultto . : ) resenting key elements that
X x 102! spatially goodpractioss Heritage Implementthesa practices, added positive "f”f"l’z‘;::’;‘;"l"f” :;;"L':;:"'””,;’ count district
% adde
S—— and control of cartographies or maps and control of heritage
€ o » . : . = tota
heritage illustrating their application, ﬂ,,,ﬂ',z_/rg";"'b"”f"he ety
local regulations/law
supporting conservation and
safeguarding actions,
monitoring and alert systems,
Land-use capability makes it
possible to differentiate soils: N= K
according to their p Z
potential in the agro- land capability
. face inclt d Capability
silvopastoral sphere. There ‘Ir€L;:;3}75;Z(:Z$Z; M"_{::: ey
are eight classes that define 5 irface of the selected area S
X 103 Land capability Land use € ) . added to be defined. % sub-district
the capacity of soil use and
they are divided into two
main groupings. Classes 1,
2, 3and 4 concern soils
suitable for cultivation and
other uses
K
. N==
Total land take area, which A
can be expressed as an N=Jand take
x| x 104 Land take Land use absolute measure or a added 221 negative K= total land take area in the selected % sub-district
2 % area
felative measure, with A= total surface of the selected area
respect to the selected area
LK
A
Surface and location of N= urban transformation zones
e " K= surface included in Urban
Urban specific areas designated for transformation zones in the selected area
x| x X [108! transformation Land use redevelopment, added to be defined| 4 = totalsurface of the selected area % sub-district
zones regeneration, or significant
changes in land use
Amount of areas with High
and Moderate Ecological K
S ; a
N; U3 Fur gto s istri
x 106 = 2 % ; added 218 positive s 5 % sub-district
functionality spaces ecological network analysis N=ecological functionality
. " K= surface included in the High and
(e.g. obtained with ENEA Moderate Ecological Functionality in
methodology) the selected area
A= total surface of the selected area
Amount of areas of
ecological value, according M= L.
: a
Elements of the to ecological network
Natural/green N N N Joments ol she ecologial nstwork: .
X 107 ecological analysis (e.g. obtained with | added 219 positive lements of the ecological networs % sub-district
spaces £ K=Surface included within Areas of
network ARPA Piemonte methodology ecological Value in the selected area
- DGR n. 52-1979 del A = total surface of the selected area
31/7/2015)
ek
Not aligned . w
¥ Proportion of reused water
with urban Resources / aspartofthe ol gross -used water
i = . s vater consumption of the community
x| x 108 resilience- Reused water Rssource.s watériconsumptionina added positive In the selected area in a year, that comes % urban
focused consumption from re-used water
evaluation selected area W= water consumption of the
community in the selected area in a year
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