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1. Introduction

The purpose of thidocument is to provide a firsproposalof conceptualontologicalmodelingof urban

and metropolitan systemsaimed da better understanding, assessingnd managingcurrent and
emerging natural, environmentaand anthropicrisks.Also, we would like to propose feamework to
standardize and harmonize the description (and later assessment) of the main components of risk
related to multiple hazards and climate change in urban areas. As such, for each of the considered
subsystems wereviewed existing taxonomies (i.e., structured categorizations) and where deemed
necessary we proposeslitable changes and updates. Most technical descriptions and information can
be found in the Appendice®Ve invite the RETURS¢ientificpartners to provide us with comments and
observations, but also to use as much as possible dé#nitions and categories described in this
document in order to set a commorand shared understanding upon which to build efficient
multidisciplinary collaboration.

Note 1: This document is to be intended as part of an ongoing iterative process. As such it will be subject
to further updates and modifications in the following phases of the projetso according to the
feedback and consultations among the project partners and with the stakeholders.

Note 2 in order tofoster the use otonsistent and share definitions for most of the concepts relevant
to the RETURN project, peliminary version of a glossary has bemilaborativelydeveloped and is
provided inAppendixB ¢ Dictionary of Terms (Preliminary Glossary)

Europaan Environment Agency (EEAjtimates that 72% of the European populatidivesin cities,
towns, and suburbs (more than 50%globally, with an estimated two more billiomrban residents
expected in the nexR0 years)Cities are humadbuilt systems composed of subsystems and integrated
with other artificial and natural systems at various levélsi/en the extent ofhuman,social,economic
and technological capital the urban areas represent, it is no surprisetibgitemerge asa hotspot for
risk as welle.g., Dickson et al. 201Binancial and economic crises, population flows, environment and
climate phenomena, natural and anthropogenic disasters, social confliaisterrorism are just a few of
the challenges that cities may experiente Italy, for instance, th€022 Regione Marche Flash floods,
the 2023 Emilia Romagna floods avell and the 2016 Central Italy earthquakkave once more
highlighted the high combination of exposure and vulnerabilie§ South European citieswith an
increasing trend expected in the next decades asetfiects of climate change willirther intensify. The
range ofimpacts of naturalenvironmental,and anthropic risks on citiesbroadand entails bothdirect,
physicaldamagedo built-up structuresand indirect consequences oservices andhe sociceconomic
fabric. Urban and metropolitan areas can be seen as adaptive systdramcterized bycomplex
interactions among their inhabitant and thesurrounding infrastructure explainingthe increasingly
common comparison withiving organisms In Figurel, for instance the ‘urban metabolism' (waste and
emissions) refers to the flows necessary to satisfy the needs of those living in icitdifferent
environment layers (local, regional, and global environmeriis)s metabolism, seen as human actions

1 Available atttps://www.eea.europa.eu/soer/2015/europe/urbaisystems
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On the other hand, society, defined as a group of people living in the same space and at the same time,
following a set of implicit and explicitorms assigns values to the urban systeomonsideringthe
physical componentas well as thaervicesand the governance components

Technology/labour Value/vision
Local, regional, Urban technical Society
global environment RSN system Urban life
resources standard
Environmental and e Buildings Life style
climate change impacts Urban Transport Governance
I o metabolism Energy Economy
Depletion o Innovation
naturgl resources «—— Water and sewage «——
Waste & Urban
emissions planning
& design

)

Consequences Representation

Adapted from: Bai X, Schandl H: Urban ecology and industrial ecology.
In The Routledge Handbook of Urban Ecology. Edited by Douglas I,
Goode D, Houck M, Wang R. Routledge; 2011:26-37.

Figurel Urban system schema

It emerges, hence, the need for consideriag key components of tharban system, alongside the
population, theso-called'greya 3 NBSIS W B2 HfiaSiructure’

The \gray infrastructur€includes artificial, physical featuresich as roads, metros, railways, buildings
and utilities(European Commission 2012pECD 2022)

'Green infrastructurerefersinsteadto all canponentsof the urban system with natural or sematural
aspectsoften to provide social, ecologicadnd economic benefits to the urban population such as air
filtration, temperature regulation, noise reduction, flood protecticand recreational areagEuropean
Environment Agency 201 European Comms®on 2013) (Dige et al. 2014)

Boft infrastructur@includes all the serviceshat are required to maintain the economic, health,
cultural, and social standards of a population, as opposed to the hard infrastryctunech is the
physical infrastructure of roads, bridge=tc. It includes both physical assets such as highly spedali
buildings and equipment, as well as nphysical assets, such as communication, the body of rules and
regulations governing the various systems, the financing of these systems, the systems and
orgarizations by which professionals are trained, advance in their careers by acquiring experience, and
are disciplined if required by professional associations. It includes institutions such as the financial and
economic systems, the education system, the health care system, the system of government, and law
enforcement, and emergency servicdhe explicit consideration of soft infrastructureincreasingly
considered as key to improve the resilience of complex urban sygegs Pagano et al. 2018)
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The high concentration of people and economic activities in cities cause environmental pressures. Yet
cities can be planned, designed, managaad governed in an increasingly efficient wae European

Union (EU) has significantly impacted urban development through its cohesion and sectoral policies,
including those addressing water, waste, noise, and air. The Thematic Strategy on the Urban
Environment! and the recent 7th Environment Action Program (7th E#&Padvocate for integrated

urban policy.

This could also apphp the principles ofurban developmenin the EU as expressed in its 'Territorial
Agenda of the European Union 2028'.An intergovernmental process, coupled with the practical
experiences gained through the European Regional Development Fund (ERDF), has led to clear principles
of urban development. This is known as teguis urbail4.

1.1 Urban Structurdto be updated by Daniele)

In this document weapproached the conceptualization of urban systems from an abstract perspective,
which aims at categorizing and describing the individual subsystems of the urban area (as a complex
system) and their relationships, rather than addressing the different spatial patterns to be observed
over different geographical scale. This is of course a relevant characteristic which is strongly correlated
to the exposure and vulnerability of urban areas to different hazards, and eventually to the related risks.
There are approaches to defining elementsapfurban form as organized from macro to micro scale, as

for instance, indicatedh y G KS &/ NBI { A yg¢An Wrbah DSign Proddd far Autialiars

/ A ( @O&parement of Infrastructure and Transport 2011)

9 Urban structure The overall framework of a region, town, or precinct, showing relationships
between zones of built formgandforms natural environments, activities, and open spaces. It
encompasses broader systems including transport and infrastructure networks.

9 Urban grain The balance of open space baild form and the nature and extent of subdividing
Fy FNBF Ayd2 avylrffSN LI NOSta 2N 6ft201ad C2NJ
network of small or detailed streetscapes. It takes into consideration the hierarchy of street
types, the physical linkage®movement between locations, and modes of transport.

1 Density and mix: The intensity of development and the range of different uses (such as
residential, commercial, institutional, or recreational uses).

1 Height and massing: The scale of buildingsoncerningheight and floor area and how they
relate to surroundinglandforms buildings, and streets. It also incorporates the building
envelope, site coverage, and solar orientation. Height and massing cesgiese of openness
or enclosure and affect the amenity of streets, spaces, and other buildings.

9 Streetscapeand landscape The design of public spaces such as streets, open spaces, and
pathways, which includes landscaping, microclimate, shading, and planting.

1 Facadeandinterface: The relationship of buildings to the site, street, and neighboring buildings
(alignment, setbacks, boundary treatment) and the architectural expression of their facades
(projections, openings, patterns, and materials).

2Massing in architecture refers to tiperception of the general shape and form as well as size of a building

¢

~


https://www.eea.europa.eu/soer/2015/europe/urban-systems#note11
https://www.eea.europa.eu/soer/2015/europe/urban-systems#note12
http://glossary.eea.europa.eu/terminology/concept_html?term=urban%20development
https://www.eea.europa.eu/soer/2015/europe/urban-systems#note13
https://www.eea.europa.eu/soer/2015/europe/urban-systems#note14
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91 Details and materials The appearance of objects and surfaces, the choice of materials, and
their respective details, craftsmanship, textures, colors, durability, sustainability, and treatment,
all impact the public and private domain. This includes structures, space, street furniture,
paving, lighting, and signage, which collectively improve human comfort, safety, and enjoyment.

1 Public realm Much of urban design is concerned with the design and management of publicly
used space and the way this is experienced and used. The public realm includes the natural and
built environment used by th@ublicon a dayto-day basis such as streets, plazas, parks, and
public infrastructure. Some aspects of privately owned space such as the bulk and scale of
buildings, courtyards, and entries that are traversed by the public or gardens that are visible
from the public realm can also contribute to the overall result. At times, there is a blurring of
public and private realms, particularly where privately owned space is publicly used.

1 Topography, landscapélrhe natural environment includes the topography of landforms, water,
and environment.

9 Socialand economic fabric The nonphysical aspects of the urban form include social factors
(culture, participation, health, and wdbeing) as well as the productive capacity and economic
productivity of a community. It incorporates aspects such as demographics and life stages, social
interaction, and support networks.

1.2Relationships with Climasad Disaster Risk

In accordancavith IPCGIPCC 2022; IPCC et al. 2044 ISO(ISO/IEC 2018; 2019nd acknowledging

the different interpretation of this concept across the Disaster Risk Reduction comn{gagyalso the
enclosedGlossarywe defineRiskl athedpotential for adverse consequences for human or ecological
systems, recognizing the diversity of values and objectives associated with such syBisksscan arise
from the potential impacts ohatural, environmental andanthropic hazards including the impacts
related to dimate changeand thehumanresponses to climate change. Relevant adverse consequences
include those on lives, livelihoods, health and vieling, economic, social, and cultural assets and
investments, infrastructure, services (including ecosystem services), ecosystems, and species.

* Hazard: “The

potential occurrence . Vulnerqbilityz. The propensity
of a physical event or or predisposition to be adversely

trend or physical affected. Vulnerability

impact that may cause CUMATE SOCIOECONOMIC encom;:assej alvarletz qf -
harm: loss of life, ws TR WY -.. concepts and elements including
e Variabity s sensitivity or susceptibility to
damage and losses of - T harm and lack 03 capacity to
property, e Gange e cope and adapt”.

i
infrastructure, Govermancs
livelihoods,

* Exposure: “The presence of

ecosystems and people, livelihoods, species or

EMISSIONS

environmglntal and Land-use Change ecosystems, environmental
resources. IPCC 2014 functions, services and
resources, infrastructure or

* Risk: “The potential for consequences where something of value is at stake and economic, social, or cultural
where the outcome is uncertain (...). Risk results from the interaction of assets in places and settings that
vulnerability, exposure, and hazard” could be adversely affected”

Figure2 Definition and graphical depiction of Risk according to IPCC.
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Risks result from dynamic interactions betweémzardswith the exposureand vulnerability of the
affected human or ecological system to the hazgskeFigure2). Hazards, exposure, and vulnerability
may each be subject to uncertainty in terms of magnitude and likelihood of occurrence, and each may
change over time and space due to socioeconomic changes and human dewiog. In the context

of climate change responses, risks result from the potential for such responses not achieving the
intended objective(s), or from potential traedwfs with, or negative sideffects on, other societal
objectives, such as the Sustainable Development Goals (SDGS).

Considering lte definition above, urban arease contributing to risk mostly from the exposure and
vulnerability perspective. In facgities represent aspatially dense and extended concentration of
people,built assets and infrasticturethat are exposed to a variety of hazards (e.qg., earthqudlas]s,
heatwaves) and susceptible to ingpinysical damages. Moreovdseing often the urban areas the core
of social, culturgland economic activitiegheir exposition also includghose intangible assets related
to service provisiorsociccultural and economic capitarhis exposure is furthermore netatic butcan
dynamically change according togh (day and nightweekend¥ medium (seasonsas well as long
(decadal) frequency cycles and trends.

Due to the high density of population and construction, cities are particularly sensitive to climate change
(EEA2009. On the other hand, cities as built environments and seciological systems are responsible

for GHG emissions that intensify climate change (T@RX). Consequently, the climatesponsible
approach to urban development emphasizes the need for activities to minimize negative impacts on
climate and the need for cities to adapt to the consequences of climate change that cannot be avoided.

Impacts dueto climate change irities are broad and can lgrouped according tehree mainurban
components, namelgrey infrastructure greeninfrastructure and human health and comfort:

1 Grey infrastructure.Both buildings and infrastructure are at rigk increased coastal, fluvial,
and pluvial flood as well as shrinking and swelling of the ground erosion. This is stimulated by
sealevel rise, increased storminess, and increased winter precipitation. These impacts depend
on the type of urbanization, whiclalters natural hydrological regimedy reducing the
infiltration capacity of the groundHandley and Carter 20065evere heatwaves caalso
strongly affectthe integrity of different transport infrastructure e.g.,due todamage tobridges
and airport runwaysindbuckling oftram and railway tracké.g., Mulholland and Feyen 2021)

1 Green infrastructureis important for improving the climate conditions and combating the
threats induced by climate change, biit can also be affected by the change of climate.
Expectations that climate change will lead to more droughtsuimmermean that there will be
a greater need for urban green spaces to be watered. Limited water resources may cause
problemsin managing and effectiveness of urban green space, and therefore various methods
that allow rainwater harvesting, reuse of gray water, and making use of water in rising aquifers
under cities should also be employédill et al. 2007)

1 Human comfort and healthn urban areas are threatened due to rising temperatures and more
intensemeteo-climaticevents associatedith heatwaves, windstorms, landslidesnd flooding.

The adaptive capacities of different communities and groups vary, and vulnerable groups, such


https://link.springer.com/referenceworkentry/10.1007/978-3-319-71063-1_78-1#ref-CR8
https://link.springer.com/referenceworkentry/10.1007/978-3-319-71063-1_78-1#ref-CR22
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Tablel The link between policy and urban climate scalesA @1 2 A6 HAMDO

Physical scale Policy scale Urban climate scale

Individual building/street (facade and roof construction materials, design and Building regulations and building 1-10m
orientation) control

Indoor climate and street canyon
Urban design strategy

Local development framework

Urban design (arrangement of buildings, roads, green space) Urban design strategy 10-1000 m neighborhood scale, suburban variations o
climate

Area action plan

Local development framework

City plan (arrangement of commercial, industrial, residential, recreational, and = Subregional spatial strategy 1-50 km city/metropolitan scale, UHI form and
green space) intensity

Regional spatial strategy


https://link.springer.com/referenceworkentry/10.1007/978-3-319-71063-1_78-1#ref-CR11
https://link.springer.com/referenceworkentry/10.1007/978-3-319-71063-1_78-1#ref-CR112
https://link.springer.com/referenceworkentry/10.1007/978-3-319-71063-1_78-1#ref-CR26
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1.3 Modeling approachs

Different approaches can be pursuad the modeling of complex systems such as cities and
metropolitan areasas well as different interpretationsf what a modekhould be From the perspective

of this project, a model is one of several possible representationsspteific portionof the real world
drivenby the scope of the modsetself. In our casethe scopeisto represent an urban system exposed
to a variety othazards in such a wagto capture the most relevant impacts and assess the related risks
in a consistent and sustainable wéiy our casethe scopeisto represent an urban system exposed to a
variety ofhazards in such a wagsto capture the most relevant impacts and assess the related risks
consistently and sustainablyhe modelwill thereforenot includeall possibledetailsand features of the
physical worldbut only those that are relevant tilfill its scope

Models can be formal or informgbhysical,or abstract,descriptive,or analytical A physical modeis a
simplified material representation, usually at a reduced scale, of an object or phenomenon that is the
subject of investigationFor instancemaquettesin architecture or physical models to simulate the
tsunami impacts.

On the other hand, arabstract modelis a simplified representation without the use of tangible
elements. Like physical models, abstract models represent a slice of the real world using abstract
languages, i.e., logic, mathematics, dW#athematical models are classified as analytical models, and
logical models are classified as descriptive modAlsalytical modelscan be further divided into
dynamic and static modelf®lynamic modelslescribe the timevarying state of a system, its behavior,
andits functionalities; converselgtatic modelgo not represent the timesarying state of a system but
rather describe the structure of the system or the phenomenon, which is considered less likely to
change than the functions of the system.

While manymodelsare developed to describe and represgitysical systemsad as such areeferred

to asdescriptive mode)sin some cases they can extendedo predictive model A predictive model,
when applied to aetof input data, can identify patterns anpredictwhat might happenBy identifying
patterns in structured and unstructured data, predictive modelimgproves decisionmaking by
providing more plausiblescenari®. For predictive analysis to be effective, however, it is necessary to
have a significant amount of valid dat@omplete and without errors and to use a predictive model
that is appropriate for the type of datvailable and the goalsassigned

There are twamaintypes of predictive models: supervised and unsupervised. In the former, input and
output data are entered and the model searches for relationships between the data after a training
phase, which allows to identifgf the level of accuracy of the mathematical function adopted. In the
unsupervised model, only input data is entered and the model's function is to identify existing patterns
in the analyzed data and to predict possible trends and events that may recur.

In the project RETURN, we aimhatilding a predictivedynamicmodel ofimpacts andrisks in urban
environmens, able to be operationalized im set of realworld cases.This requires in turn, a
development paththat entails a first conceptual and logicalescriptive modeling of the main
componentswhich will be further enhanced byodelingthe underlying relationships angrocesses
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In outlook, a further modeling phase that should be considered rislated to secalled pescriptive
modeling which also includes descriptive and predictive analytiesl entails the application of
mathematical and computational scienc@ssuggestdecision options for how to take advantage of the
results of descriptive and predictive phases.

Regarding the representation type, models are classifiedraphical,iconic or symbolic modelsAn

iconic models a match representation of some specific entjtjor instance, the icorﬂ represents a
person. On the other hand, aymbolic modelis the representation of entities of a system by
mathematical or logical symbolszinally, graphical modelsare the representation of probabilistic
relationships among a set of variablér instancestate machinesre a set ohodes (statesaind edges
(transitionactiong. Otherexamples of graphical models aréisual modeling languages, such as UML and
OntoUML, which produce diagrans that use graphical notations to express tistice ofreality. In
Ontologies(Section9), the diagrams were designed using Onto3MIhe ontological models were
designedconsideringthe perspective of risk in urban systentsor example, in thesub-ontology of
population, it represened some types of no#human populations that can impact a city (e.or
example, in thesub-ontology ofpopulation,represened some types of nofimuman populations that can
impact a city (e.g., viruses, bacteria). In this case, it was decided to classify populations into human and
non-human, artificial and natural.

3 For furtherinformation on OntoUMIand how to read and understand the notation used in the modsée
AppendixC¢ Basic Notions oFOand OntoUML
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2. Methodology Towardsa RiskOriented Conceptual Modebf
UrbanEnvironmens

To tame the challenges related to the intrinsic complexity of the system to be addressed, it is proposed
that a perspective focusing on the potential risks is employed. A set of physical/risk storylines are
therefore developedto identify, collaboratively and incrementalhfthe set of elements (including all
physical, technologicaland socieeconomic components) that should be prioritized in the
conceptualization and later refined amtegratedwith additional components. This is carried out within

a threetier procedure:

1) Initial identification of mairsystems/subsystemand exposed elements (including functions)
2) Development and analysis of risk storylines
3) Ciritical review and refinement/updating of the conceptuaddel.

The steps described above can be iterated multiple times, e.g., by adding further storylines addressing
specificcombinationsof events and or cascades of impacts, hence describing different (multiple) risks.

2.1 Method Applied to Ontology Engineering

To design the ontology of urban systems driven to riskspianned to implement cycles of sprints with

the following steps: 1) Requirement elicitation with experts of each domain; 2) Creating vocabulary with
the main concepts (naming), negotiating meanings (semantic level), and establishing some foundational
theories to base the design of the domain ontologies and the taxonomies. 3) building taxonomies based
on the vocabulary; 4) designing the mentioned ontologies using a foundational ontology to ground on
them as well as a set of theories for each sladmain represented in the subntologies; 5) validating

the models (an approach bottomp using storyline and data it will be used in the development cycles);

6) releasing and reviewing the designed artifacts. Also, it is planned to use data from real databases to
build knowledge graphs in the last cycles. Finally, the launch and delivery of the artifacts produced in
each cycle. With the analysis of the delivered artifacts will be possible to decide if the expected
granularity has been achieved. In case of not, another cycle restarts.

The number of cycles/sprints will be determined by the expected granularity to be achieved with the
project. Figure3 shows the main steps of each cycle, including the requirement elicitation for eaeh sub
ontology.
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3. 4.
Taxonomy Ontology
Building Design
2. 5.

Vocabulary Artefact
Elaboration Validation

1 6.

Requirement Artefact Release

Elicitation b and Review '

Figure3 Ontology and taxonomies engineering phases

Step 4¢ Ontology Desigrg is composed of the following stdieps: 4.1) ontologyriven conceptual
modeling using UFO/OntoUML,; 4.2) Debugging (syntactic verification); 4.3) Operational Ontology
generation using gUFEOto generate a turtle filé! (Appendix G Operational Ontology, gUFO/OWIg
Subontology of Population). This design cycle aims to arrive at an-seperce RDF database to be filled
with data as showin Figure4.

Visual Paradigm tool Transformation
—> Debugging -——> (8UFO - owl) Turtle file (RDF)

Ontology-driven

Conceptual Modeling l / ¢

N
I Validation Protegé tool
Glossa Operational
r Ontology

|

RDF4) Eclipse tool

Open-Source RDF
Database

Figure4 Development Schemafrom a glossary to RDF database


https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=en%2DUS&rs=en%2DUS&wopisrc=https%3A%2F%2Fcommunitystudentiunina.sharepoint.com%2Fsites%2FPE3RETURN935-SpokeTS1Urbanandmetropolitansettlements%2F_vti_bin%2Fwopi.ashx%2Ffiles%2Fc2da65b0d76f44debb87165534575d22&wdenableroaming=1&mscc=1&hid=F3FFF960-E719-4853-904D-07EF51C3CE35&wdorigin=AuthPrompt.Sharing.DirectLink.Copy&jsapi=1&jsapiver=v1&newsession=1&corrid=f4237565-7151-4c23-8615-b96f778076a5&usid=f4237565-7151-4c23-8615-b96f778076a5&sftc=1&cac=1&mtf=1&sfp=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Normal&ctp=LeastProtected#_ftn1
https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=en%2DUS&rs=en%2DUS&wopisrc=https%3A%2F%2Fcommunitystudentiunina.sharepoint.com%2Fsites%2FPE3RETURN935-SpokeTS1Urbanandmetropolitansettlements%2F_vti_bin%2Fwopi.ashx%2Ffiles%2Fc2da65b0d76f44debb87165534575d22&wdenableroaming=1&mscc=1&hid=F3FFF960-E719-4853-904D-07EF51C3CE35&wdorigin=AuthPrompt.Sharing.DirectLink.Copy&jsapi=1&jsapiver=v1&newsession=1&corrid=f4237565-7151-4c23-8615-b96f778076a5&usid=f4237565-7151-4c23-8615-b96f778076a5&sftc=1&cac=1&mtf=1&sfp=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Normal&ctp=LeastProtected#_ftn2
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3. AConceptual Modedf the Urban System

The initial urban system model ghown in Figure5 and isapproachinga set of nested mutually
exclusive and collectively exhaustive class@he system consists of two primary componerdgae
concerninghe human(the social componentas wellasthe non-humanpopulation This represents the
Wi AGAY3IQ O2YLRY Sy énd arguably k& popualdiion igdeed theicdrd of the urban
system The other main component isndicated generally ashe YhfrastructureQ (G2 Ay Of dzRS
population elementsto be found in & urban system This component is further divided into hard
infrastructure, which includes all physical componestgh as roads, metros, railways, buildings, and
utilities, and soft infrastructure, which includéise set of relevant functions necessary for the ordinary
and extraordinary management of the urban systdor instance, health, emergency, law enforcement,
mid-term services (e.g., waste management), and lm®rn services including educational and
recreational.

systemn
]

Infrastructure

Hard Soft
infrastructure infrastructure
! Green Grey

i UUnfrastructure Infrastructure !
! '
l !
!
[ Buildings J [ Networks J ,"

( Ecological &

i Population Population E
' {(non-human) (human) b emmmmemmee

Figure5 Conceptual model of urban system and corresponding subsystems

'Green infrastructurerefers to all components of the urban system with natural or seatural aspects,
often to provide social, ecological, and economic benefits to the urban population such as air filtration,
temperature regulation, noise reduction, flood protection, and recreational aréBsiropean
Environment Agency 201 European Commission 2018pige et al. 2014)

In the next sections, thesadividual components will be analyzed and discussed in terms of the
available taxonomiesseful to describe them in the context of risk assessment.

4. Taxonomies fodrban Systems

The purpose of taxonomies is to provide a sound and systematic framework for the classification/
categorization of the individual elements and ssistems of a complex syste@uch categories allow

for a moreharmonizeddescription of the overall system both #te conceptual level and in practical
terms.


https://www.eea.europa.eu/soer/highlights/new-mapping-method-for-2018green
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In the context of RETURN, the ultimate objective of all endeavors is to offer a comprehensive structure
for evaluating urban and metropolitan areas' natural, environmental, and anthropic risks. The primary
focus is on ltaly, but with a future expansion and adoption of the proposed approach on a European
level.

Within this context, is paramount to provide an operative conceptual framework within which to
RSOSt 2L FdzZNIKSNJ ALISOAFAO FLIINRIFOKSAa |yR (22fazx
encompassing all potential situations and the whole complexity of urban environments.

4.1HumanPopulation

The human population of a city can present different characteristics according to the geographical and
sociceconomic context of its belonging.

What profoundly influences the characteristics of those who inhabit and frequent it are the type of
productive activities present, the conformation of the natural environment, and social and historical
stratification. Furthermore, the taxonomy of an urban population can be understood as a set of
categories thatpicture aggregate (e.g, number of residents, birth rate, etc.), as well as individual
characteristics.

An attempt atgeneralizationcan be made if we look at the context of advanced capitalist countries,
particularly European ones, where urban contexts while presenting heterogeneity in many areas, are
subject to common pressures (e.gncoming migratory flows from the global south, effects of
technological innovation, ecological conversion of public services, etc.) and present recurrences in
certain macrecharacteristics dging of the population, welfare restructuring, etc.). Furthermore, a
generalizationof the urban population can be carried out from its greater or lesser exposure and
vulnerability to the effects of climatic and environmental risks.

Our proposal is to start a taxonomy of the urban population from three principles of identification,
focusing on segmentations that concern individuals rather than the whole aggregate: 1)} socio
demographic characteristics; 2) physicabnitive and soci@conomic characteristicsand 3) socie
cultural characteristicaWe proposeto start a taxonomy of the urban population from three principles

of identification, focusing on segmentations that concern individuals rather than the whole aggregate: 1)
socicdemographic characteristics; 2) physicagnitive and socieconomic characteristicsand 3)
sociccultural characteristics

Anoperationalizatiorof the individual categories is in progress. Some examples are described below:

1. Sociedemographic characteristicsgender; long term population (resident, dweller, commuter);
short term (tourist, city users; seasonal); belonging to macro age clasdds {&65; over 65); native;
migrant; citizenship; marital status; property ownership; ownership of work activities.

2. Psychecognitive and socieeconomic characteristics 2.1 Physicatognitive vulnerability: visual
disability; motor; cognitive; hearing disability; 2.2. Semomnomic vulnerability: income (absolute and
relative poverty threshold); occupation (permanent, temporary, unemployedctive; housing
condition (owner, renter, evictor); beneficiary of social assistance; car ownership; resident in housing
unit with no. people
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3. Sociecultural characteristicsievel of education; linguistic competence lialian or English(native,
fluent, intermediate, etc.:).

4.2Non-HumanPopulation

Althoughthe concentration of humans is a defining feature, urban areas typically contain numerous
opportunities for the persistence of native nonhuman species as well as the invasion or introduction of
exotic species. Similarly, althougtheightbuilt-over land is often used to identify areas as urban, urban
land is far from impervious and often includes a range of different land use types, including gardens,
grassland, wooded land, and agricultural laiitiere is a wide range of animal species that can live in
urban communities. Animals can be kept for company as pets, sfloerproduction purposes, but
animals can also be wildydludingpets, or they can be synanthropic, originally wild but adapted to live

in proximity to human settlements where they can find favorable condit{Gisuret).

Companion animals primarily consist of dogs and cats, but other species like caged birds, small rodents,
reptiles, and carnivores are also included. The urban pet population is rising due to improved living
conditions, social diffidence, and the need for companionship and protection. Companion animals are
particularly close to people with whom they continuously interact, therefore pets can be direct or
indirect disease and injury vehicles, but also act as important indicators for monitoring the presence of
hazardous biological and chemical pollutants.

wildlife Synanthropic
Specie

Figure6 Taxonomy of nothumanpopulation

Non-Human Population

Animals kept in Italian urban areas for production purposes are rare. Cities seldom contribute to the
production of their food, which is often subsidized; generally, they simply consume it. However, the
incorporation of former perurban areas in cities can include farms and land plots. Urban breeders can
be more common when dealing with companion animals, particularly of small sizes, such as rodents or
fish.

Wild animals have found favorable habitats in urban areas due to the availability of resourcédseand
destruction of natural habitats. As a general trend, the number of wild species that have adapted to
urban livingnearhuman settlements has significantly increased, coinciding with the rise in urbanization.
Some wild species have evolved to become entirely dependent on urban habitatexample
synanthropicanimals are birds such as pigeons or sparroher species have a minor degree of
familiarity with humans and might take different advantage of human food subsidies or refuge from
predators, they might even not benefit or be harmed by the urban environment. A common thread is
that they favorably use recreation parks, riveaad other green spaceand their presence, while it can
contributeto biodiversity, such as bees, can also produce property damage and transmit diseases. In the
last decadesthe urban environment has also seen an increase in exotic species that can become
economic and public health concernSynanthropy therefore, is a behavioral dispositiogintrinsic
aspectthat some animals develadp survive.
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Table 2 presents a proposed taxonomy for populations from the perspective oforigkted urban
systems. From this point of view, it is important to have datal informationon not only human
populations but also animal and plant populations living in the urban context. Thus, the classification
was initially made considering the nature of the beinguman or norhuman. Then, the roles that
people play in urban centers, for example, residents, tourists, commuters; or the stages of life that these
people are in, for example, whether they are children, young people, gdultthe elderly. It is also
important to know the population of animals and plants that somehow exist in the urban context and
can be risk factors, for example, wild animals that, out of a desire to survive, move closer to urban
centers.In addition, the characteristics presented$ection4.1 can be included in the mode{Section

9) as attributes of an object, as roles or phases, or as dispositions they tak&tionships withthe
human element in the urban context.

Table2 A proposal forisk-orientedpopulation taxonomyn urban contexts

Resident Population

Tourist population
Non-Resident Population Commuter population
City user population

Human Population

POPULATION Pet Population

Wild Population Synanthropic population
Non-Human Plant Population
Population Mobile Genetic Element Population Virus population
Fungus Population Mold population

Bacterial Population

In addition to classifying populations, it is also important to classify the agents that exist in the urban
context. A population is a collection of things that can be people, animals, plants, viruses, bacteria, etc.
In Table3 we propose a classification of these elements, calling them agentsall.beings that act or

do not act in an urban system. Agents can be natural or artificial. Natural agents are those not
constructed by humans (e,gpeople, animals, plants, viruses, bacteria, or any form of biological life),
while artificial agents are human constructs, such as, autonomous systems, institutions, etc.

Table3 A proposal for riskriented agent taxonomin urban contexts

Resident Person
Person Tourist
Non-Resident Person Commuter
City user
Pet
AGENT Natural Agent Wild
. Plant
NorrHuman Being Mobile Genetic Elemen] Virus
Fungus Mold
Bacteria
Artificial Agent Institutional Agent
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4.3Geosphere

The geosphere is the collection of physical and geological elements that contribute to the shaping of the

9F NIKQA &Adz2NFI OSod Ly GKS dzNbly SYy@ANRYYSyYyid GKS 3S2
the population and infrastructure develop so that the geosphere elements influence them, but in turn
population and infrastructure can also modify the geosphere. For example, urban development and

even risk mitigation often involve excavation which interact and often modify the underlying geology.

For this reason, urban development requires an understanding of the local geology, such as soil stability,
groundwater conditions, and subsurface characteristics.

[ Substratum ][ Soil J[ Topography J[ Resource ][ Hydrology J

Figure7 Basic notionsf the geosphere
Individual elementgFigure?) that contribute to the geosphere framewode:

1 Geologic substratum: The geologic substratum, such as bedrock or sediments are usually
covered by layers of urban infrastructure and buildings, even though they can still outcrop both
naturally and through excavatianfor example, tunnel escarpments. Urban development requires a
thorough understanding of the geotechnical properties of the underground, including its stability,
load-bearing capacity, groundwater conditions, and suitability for construction. This knowledge is
crucial for construction projects, foundation design, and infrastructure development in urban areas.

9 {2AfY ¢KS &a2Af FT2N¥a (GKS dzLJISN¥Y2ad tFre&SNI 2F &
millimeters to several meters depending on the geological, climate, topographic, and biological
characteristics of the area. Soil commonly lies at the interface between the solid Earth and the
atmosphere. While soils are usually a natural, complex, and dynamic mixture of mineral particles,
organic matter, water, air, and living organisms, in urban areas they have distinctive composition
and characteristics due to human activities, such as the addition of concrete, asphalt, construction
debris, and pollutants. Urban soil may have higher levels of contaminants and altered physical
properties.

1 Topography: Elevation, slope, and landforms, such as mountains, valleys, plains, rivers, lakes,
and coastlines, encompass both natural and urban areas. In urban areas, topography can also result
from construction and excavation while the landforms can also include the presence eafhace
features like roads, buildings, artificial canals, and infrastructure. Human activities can modify
natural landforms, but in some instances, they can still exist or be preserved in parks, green spaces,
or protected areas within the city.

1 Hydrology: The urban environment has an altered hydrological system due to the extensive
paving and engineered, which affects the water cycle, including surface runoff, infiltration, and
groundwater recharge.

Additionally, urban areas may have had or still have valuable resources that can be economically
exploited. Apart from urban mining, which involves extracting materials from built environments, such
as recycled metals or construction materials, some urban areas may still contain geological resources
that are exploited or utilized, such as quarries for construction materials or groundwater resources for
drinking water. Lately, due to technological improvements linked to sustainability, urban areas are
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seeking to exploit geothermal energy and solar systems for heating and cooling systems and for power
production. This involves harnessing the natural heat stored in the substratum using geothermal wells or
groundsource heat pumps, or using urbanrfaces preferentially wellexposed natural or mamade

slopes.

In the building process of the Geosphere taxonomy, we made an effort to catch the variability of the
geological system (and related thematic areakile simplifying the variety oprocesseshat contribute

to shaping the geological environment in urban settings. The aim of the proposed taxonomy is not to
provide extreme details afverysingle component of the geosphere but rather suggest a simplified and
therefore usable characterization of the system. The proposed approach considered thabimug

mentioned thematic areas, following a tepottom rationaley &G+ NI Ay 3 FNRBY GKS 2dz
propose a taxonomy for hydrological processes, shapingEtmth'ssurface (but interacting also with

0KS &adadzoadzNFIF OS ALKSNBOU® | @RNRf23&8 AYyGSNIroda sAlK
fIrYyRT2NX¥A YR (KS aazaiafé alLleSilBedsubsiNafd and répkeseitk S 3 S 2
the hard base for urban settlements. These four thematic spheres, not only interact but influence or are
conversely influenced by the urban system. A proper, yet simplified, taxontmyefore, allows to

catch and describe possible interactioné. proper, yet simplified, taxonomyherefore, allows us to

catch and describe possible interactions.

To build a coherent taxonomy, we have been inspired by whas already been proposed inthe

literature. Nonetheless, for the specific purposes of the task (i.e., builiskgriented taxonomies), a
simplification wasrequired,} Yy R &aS@SNI f aNI YAFAOIGA2yaéd oSNB y2i
required to maintain the focus othe geosphereli | E2y2Yeé 2y GKS aNmxnalé 7T O
distinctions that may be consideratlg> Ay GKS G &adzoadaNFI OS¢ GlFIE2y2Y8é §¢
to the risk evaluation.

In detail, we simplified the hydrology taxonom§iable 4) from the work by McMillan (2022). The
YSyGA2ySR GlFE2y2Yé F20dzaSR 2y G(KS RSAONALIIAZ2Y 27
YR a4dzadz2NFIF OSe® ¢KS ! dzK2NJ INRdzL) K@ RNRf 23AO0L LJr
Gadzadz2NFI OS¢ | yR & OKI yy SdcéndoididBydrdapiéabpiogcessas2 Futh&rSy RS
specifications provided by the Author were not considered in our taxonomy foalltwementioned

reasons.

Table4 Hydrological processes taxonomy (modified from McMillan, 2022)

Evapotranspiration| Evaporation

Transpiration

Interception

Hydrology Surface
Interception Streamflow
Throughfall
Snow Canopy snow interception

4 4th rank ramification (in grey) froficMilland H nHH O A& NBLRNISR T2N) O2YLX SGSySaazx o dz
of a riskoriented taxonomy, we decided not to use it.
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Canopy snowinloading

Infiltration into snow

Snow storage

Snowpack aging

Snow drifting

Snowmelt

Refreezing

Sublimation

Glacier

Glacier storage

Glacier melt

Frozen ground

Permafrost storage

Inter hummock channel flow

Seasonasoil freeze/thaw

Infiltration into frozen ground

Overland Flow

Saturationexcess flow

IE flow

Rill flow

Infiltration

Infiltration

Soil surface processes

Surface water

Detention storage

Depression storage

Lake storage

Subsurface

Soil waterstorage

Vertical matrix flow

Vertical macropore flow

Lateral unsaturated flow

Soils
Mixing
Hydraulic redistribution
Vertical drainage tgroundwater
Vapor diffusion
Organic layer interflow
Subsurface Lateral matrix interflow
stormflow

Lateral macropore flow
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Variable source areasubsurface stormflow

Topographic convergence

Groundwaterloss

Return flow

Groundwater storage

Groundwater Infiltration into bedrock
Displacement of groundwater
Connectivity

Stream Losing stream

Groundwater g
Gainingsteam

Channel

interception

Channel extension

Bank storage
Channel storage

Riparian aquifer storage

Perennial flow

Channel Ephemeral flow

Channel flow Intermittent streamflow

Quick flow

Diurnal cycles in streamflow

Hyporheic flow

Attenuation

Topography taxonomyT@ble5) was modified from the work by Varanka (2009). Baéhor provides a

classification of landforms that can be used for describing what in the frame of the TS1 lexicon, is what is

dza dzl £ £ @ NB TS NNEBR In additioh ta thig t@mamIK @rigiealydrdednt to catch the

variability of landforms associated necessary to build topographic maps) were necessanyectly

catch the variability of specific processes shaping the topography, that may bear intrinsic risk factors. An
example ofan RRAGA2Y YIRS G2 GKS 2NAIAYlIE GFE2y2Yé A&
group. This category, originally not considered by Varanka (2009) is necessary to describe important
morpho-tectonic featuresthat for their nature, are associated with fault, &g G K2 NARG¢ FyR a3
These morpho-tectonic structures generated by fault activity are key featuresreéoognizewhen
characterizing murban environment: by generating tectonic depressions in fact, they often host urban



5 Ministero . I
) dell'Universita l Italiadomani
<Y e della Ricerca [ PIANO NAZIONALE

Finanziato
L dall'Unione europea
i NextGenerationEU B SR R Eienza
settlements that are therefore exposed to seismic (and associated) risks. A classic example of this setting
is represented by the Firen#erato-Pistoia cities, hosted in semigrabentectonic context.A classic
example of this setting is represented by the FireRzato-Pistoia cities, hosted in aemi graben
tectonic context. The presence of potentially active faults bounding the tectonic depreissi@ases
the associated seismic risk. A final remark on topography taxoristoybe made in agreement with
whatwasLINRP LJ12 aSR 6@ NIyl é6HnndOY a{2YS 3IS2ft23A0 TS
topographic features may correlate with or correspond to them. Either as corresponding units or as
ISYSNI GAGS FT2NOSa F2NJ LI NGAOdz F NJ 121L123INI LIKex 3IS2f
a way that is consistent with the criteria of this taxonomy to describe features that are cognitively easy
G2 ARSYU(GATeE vé

Table5 Topography taxonomy (modified from Varanka 2609)

U-valley
Moraine
Glacial Cirque
Suspended valley
Horn

plain
floodplain
V-valley
bench
channel

Delta

fan

Fumarole
Terrace
Isthmus

Bar
Topography* Oxbow

Cone
Volcano

Lava flow
Crater

Scoria cone
Tunnel

Shield volcano
Stratovolcano
Caldera

Fluvial

Volcanic

Coast
Cliff
Island
Pinnacle
Peninsula
Dune

Coastal & Marine

5In the context of TS1 lexicon, topographic landfoaneg K i A & dzidz- £ £ & NBFSNNBR (2 F& d&vyz2NL
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Beach
Shore
Graben
Semigraben
Tectonic Horst

Basin

Scarp
Mount
Mountain range
Ridge

Hill

Relief Plateau
Peneplain
Gorge
Divide
Elevation

The construction of soil taxonomyable6) cannot overlook a preliminary crucial disambiguation: the
term soil can be intended with at least two different meanings. A first definition of soils can consider
paedogenesis processes, that transform the inert regolith (sensu Neuendorf, 2205 mixture of

organic and inorganiparticlespotentially supporting life. Nonetheless, the engineering concept of soils
does not deal with the intensity of paedogenesis and rattlesracterizessoils as a function of grain
composition, granulometryand mechanicaproperty. Nonetheless, the engineering concept of soils
does not deal with the intensity of paedogenesis and rattlesracterizessoils as a function of grain
composition, granulometry and mechanical properties This corresponds to the Unified Soil
Classification Systems (referring to ASTM Standards D2487 and D2488). In the context of risk
assessment, we believe that such classification betienstrainssoil variability to the aim of the
taxonomic process. For thigason,we adoptedthe USCS taxonomy. Nonetheless, the paedogenesis
O2yOSLIi 2F az2Aiafta Aa aidAatt AyOf dzRSR Akfghyidtganic! { / {
azAftaco

Table6 Soil taxonomy. NBoils according to USCS correspond to the engineering concept,debaiot dealing with the type
and intensity of paedogenesis which is the Italian common meaning when dealing with saitsls according to USCS
correspond to the engineering concept, whitbesnot deal with the type and intensity of paedogenesisvhich is the Italian
common meaning when dealing with soils. In Italian commonthedJSCS soils would.

Coarse
Soils grainedsoils
*
(USCS) (>50% is large Gravels
than No. 200

sieve size)

0
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Sands

Silts and Clays-
liquid limit < 50%

FineGrained
soils

(>50% is
smaller than
No. 200 sieve
size)

Silts and Clays-
liquid limit > 50%

Highly organic soilg

What lies beneath soils can be defined assubstratum (Neuendorf, 2007able 7), and therefore

corresponds to the subsurface portion of the Geosphéditee taxonomyof the substratum is aimed to

describe the variability of rocks and terrain types, which may be relevant to the geological and
engineering characterization finalized risk assessmeni he taxonomyof the substratum is aimed to
describe the variability of rocks and terrain types, which may be relevant to the geological and
engineering characterization finalizetbr risk assessment. Wetherefore, distinguish cterrains
(corresponding to theabovementionedRS F A Yy A (1 A 2 y BesitlegliRk SANEO (6aRAd O2 y i A Y d:
describeand include ristNB t S@I y i OF (S 32 NA Scampeetaifault.\Wath tHiHIMNE + | & £
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group we include all those brittle discontinuities that may be capable of increasing risk associated with
the movement of rock and terrain materials, therefore faults, slide surfate With this latter group

we include all those brittle discontinuities that may be capable of increasing risk associated with the
movement of rock and terrain materials, therefore faults, slide surfatte Substrate taxonomy is based

on and simplified from BGS (British Geological Survey) Rock classification system (British Geological
Survey, 2020)Substrate taxonomy is basemh and simplified fronthe BGS (British Geological Survey)
Rock classification system (British Geological Survey, 2020).

Table7{ dzo & i NI (dzy Gl E2y2Y& O6Y2ZRAFTASR FTNRBRY . NAGAAK DS2t23A0Ft { dz
above.

(Seem Terrains

Terrains*
taxonomy)

Sedimentary

Rocks
Igneous

Substratum

Metamorphic

Interfaces

Discontinuity

Breaks

Finally, inextricably linked with the geosphere, are resources (USGS, 1980; NeuendorfT@@d&Yide

a usable simplified classification, we grouped geospinelated resources into three main groupgable

8Y agl GSNEZ aYFOSNRFITfa¢eg |yR &9y ShHpowide az.syntietic 0 KSa S
picture of possible resources impacting urban settlements. Among expkeihingsof some definitions

(e.g., water resources, energy resources), further explanation is required for what we chére
GYFGSNRIFE & d Ly KA dhose feblégigal maiealsot related foxhe SnkBetn ) | f €
O2yOSLIi®d 1a |y SEFYLESS gAGK GKS GSNY a02yaiNHzO
necessary to the building and maintenance of urban settlements, that may be exposed toishulti
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Table8 Resources (sensu USGS, H8DNeuendorf2005) taxonomy.

Drinking water
water Agriculture
Industry
Construction
Mineral and
elements
CO2
Ornamental
stones
wind
solar
geothermal
Energy hydroelectric
combustibles
tidal
osmotic

material

Resources

4 3Infrastructure

Asreported bylPCC Repog 6™ Assessmefit(IPCC 2022)n all urban areas and cities, the risk to people
and assets from climate changelated hazards has growMost of the world's population 4.2 billion
people- currently lives in urban areas. Urbanization processes create vulnerabilities and exposures that,
when combined with climate change hazards, lead to urban risks and impacts. In unplanned and
informal settlements in lowand middleincome countries, the risks and impacts are more significant.

4.4 .1Hard Infrastructure

It is the built environment, the physical connections between places ttate of move people,
materials, information, and energy. These "fixed" things include roads, railroads, pipes, buildings, cables,
and the networks composed of these constructions. Moreover, encompasses the green infrastructure,
which is a category of ecologiaafiented designed structures, i.e., a combination of grey and green
infrastructures; and the Blue Infrastructure defined as the blue areas, a mix of natural resources (rivers,
sea, beachegtc.) and humardesigned elements.

6 Dodman, D., B. Hayward, M. Pelling, V. Castan Broto, W. Chow, E. Chu, R. Dawson, L. Khirfan, T. McPhearson, A. Prakash, Y.
Zheng, and G. Ziervogel, 2022: Cities, Settlements and Key Infrastruct@émbite Change 2022: Impacts, Adaptation, and
Vulnerability.Contribution of Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change [HO. Pértner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S. Léschke, V.
Moller, A. Okem, B. Rama (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY, USRO4pp. 907
doi:10.1017/9781009325844.008vailable atChapter 6: Cities, settlements and key infrastructure | Climate Change 2022:
Impacts, Adaptation and Vulnerability (ipcc.ch)
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4.44.1Grey Infrastructure

Grey infrastructure refers to all tangible/physical elements that are (mostlgihtifropicorigin (that is,
artificial), engineered assets that provide one or multiple services required by society. This is in turn
preliminary subdivided into buildings (and public spaces) and networks.

Buildings
Taxonomies of builup structures in EuropeClassification of Products by ActivigGPA2.1

Buildings (residential and nemesidential as well as other types of construction) aremmonly
consideredas roofed and walled structure built for permanent use They areofficially classifiedin
Europebased onthe ¢Statistical classification of products by actigjtknown as the CPA, that is the
classification of products (goods as well as services) at the level of the European Union (EU). These
classificationsare designed to categorize products that have common characterisiibe related
taxonomyis available According to the CPA taxonomy, buildings are primarily classified based on their
occupancy class, specifically into 'residential' and “residential’, with various subategories available

for each This classification does not coveire specificclasses of technological unité the buildings as

well asthe specificsubsystems that compose them. Moreover, it does not provide the useful
information to perform a proper mulhazard evaluationFor these reasons, othdaceted taxonories

seem to be more proper to reach the expected goals of the ongoing study.

A weltknown taxonomy, namely GED4ALL, can be considered a good reference when vulnerability
analyses on buildings are considered. The GED4ALL taxdrasneen developed by GFDRR under the
UKDFID Challenge Funthis open exposure database schema is meant for rhaltiard risk analysis.
GEDA4ALL can be populated with buildiexel data from OpenStreetMap (OSM) following the guidance
from the Humanitarian OSM Team, which collects contributions from the community on how OSM tags
can be best aligned with the GED4ALL taxondrhg. building taxonomy is based on GBEpen quake
taxonomy, withthe extension to multhazard andsome simplifications. The taxonomy string is built as a
sequence of attributes separated by slash:

| MATERI AL/ HEI GHT/ DATE/ OCC|UPANCY/ SHAPE/ é

Missing attributes can be skipped from the striegg.,2-floor detached residential dwelling, reinforced
concrete structureCR/H:2/RESThe GED4ALL taxonomy is an expanded version of the original GEM
Building Taxonomy V2.0 and includefew attributes to consider multiple hazards other than seismic. It

is structured on 14 attributes, that are organized into several levels growing in detail and generally
involved in the definition of the response of buildings to various hazards. Modifications compared to
previous GEM V2.0 were the addition of an attribute related to ground floor hydrodynamics (linked to
the flood hazard) an attribute to fire protection (linked to fire hazard) and the implementation of the
attribute related to the external wall to consider the role of shadings and wind@&ilga et al. 2022)

The GED4ALL Building Taxonomy is showimimes.


https://showvoc.op.europa.eu/#/datasets/ESTAT_Statistical_classification_of_products_by_activity,_2.1_%28CPA_2.1%29/data?resId=http:%2F%2Fdata.europa.eu%2Fehl%2Fcpa21%2FF
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a Plan irregularity

N

-+ Vertical Irregularity

b
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k‘ Window protection

Roof covering
material

Roof system
material

* Roof connections

Floor system type —

< Primary — Secondary

< Primary — Secondary

~— Roof system type

Floor system
connection

Figure8 GED4ALL Building Taxonomy attributes and levels of detail.

To comply with the goals of the Return project, a new taxonomy for buildings have been developed
(Return taxonomy for buildingsiising the GED4ALL taxonomy as a reference and a basis. The proposed
taxonomy has been developed to accomplish the following goals:

T

)l
)l

Provide a comprehensive description of the building from a niaiard perspective, including

additional characteristics useful to perform assessments and make decisions for hazards other
than seismic (e.g., fire, flood, heavy rains, heatwag&s).
Harmonize the taxonomy on buildings with the contents of Italian regulations and staridards

Consider the role of the entire set of technical components of the building envelope.

Compared to GED4ALL, the Return Taxonomy provides:

i)
i)
ii)

iv)

¢KS

iKS

O2tt80GA2Y

taxonomy
a new order and a new organization of the attributes
the addition of further attributes to the original list
some slight modifications to existing attributes. The Return Taxonomy can be considered a
reliable starting taxonomy for allowing a harmonized description ofstgiems composing

a building, aiming to contemplate the action of multiple hazards on the entire building. The
list of the attributes structuring the Return Taxonofioy buildingsis shown irFigure9.

b! GGNROdzG S 3NR dzLIa é

27

Ay

FGaGN

g KAOK |

A 0dzi Sa

Ay 2

G 30NROdzi Sa

Gl GG NR O dzi

Kl S 0

7 Italian UNI Norm 829@ 1:1981 Edilizia residenziale. Sistema tecnologico. Classificazione e terminologiaHdusimg
buildings. Technological System. Classification and Terminology).



Finanziato
dall’'Unione europea
NextGenerationEU

l . Italiadomani

rrrrr O NAZIONALE
DI RIPRESA E RESILIENZA

a) Occupancy

b) Building Features

¢) Vertical Structural System

d) Building Configuration and Regularity
e) Building Horizontal Diaphragms

f) Hydrological aspects

g) Foundation and Soil Conditions

h) Fire Building Performance

j) Building Envelope

k) Building Exterior Technical Elements

The new attributes that have been added afdgt. 4 Average Plan Surfgcktt. 6 Gravity Load System
that provides information on the structural system resisting to vertical loddis;8 Internal Partition
Wallsthat provides information on the characteristics and connection efficiency of partition walls to the
vertical structure;Att. 13 Ceilinghat considers also the role of ceilings (as suspended or false ceilings)
and its connection efficiency to the horizontal structudt. 17 Soil classoncerning the soil class of the
foundation soil;Att. 18 Topography of the areaAtt. 22 Cornice Construction technigue; Att. 23 Balcony
Construction Techniqgue; Att. 24 Household Drain system matédried three last attributes are related

to the characteristics of exterior technical elements.

The main modifications of existing attributes are collected into two main categories: (i) reorganization of
attributes and (ii) modification of existing ones.

(i) Reorganization of attributes

The main reorganizations are related Adt. 7 Lateral Load Systethat now includes the information
concerning the main direction of the building and the materials of the lateral load sy@&#im9
Position, Att. 10 Plan Reqularitptt. 11 Elevation Regularitygnd Att. 21 Openings/windowghat,
compared to GED4ALL, stand out as proper attributes.

(i) Modification of existing attributes

The main modifications of existing attributes ait. 1 Occupancyvhichincludes information on the
present and original function of the building, the number of occupants, and the cultural heritage value
of the building;Att. 2 Age of Constructiomhich provides information concerning the construction
period, the age of retrofit interventions, the state of maintenance of the building and the presence of
pre-existing damageAtt. 5 Material of Structural Systenikat gives details on the material of the
vertical structure;Att. 14 Roof Shapehat includes information on the presence and position of
thermal/acoustic insulations and the presence of stanebog elements and the related slenderness;
Att. 19 Fire Safetthat is structuredmore extensivelyAtt. 20 Exterior Wallghat includes the presence

and position of thermal/acoustic insulations, the presence of decorations and/or moldings, and the role
of finishings.Starting from such a holistic framework, the interoperability of the proposed taxonomy,
easily tailorable at varying the building features and hazards, ensures to easily lodimafiermation,
allowing to assessf the multi-hazard impacts on urban systems as wEbr more details on the
attributes at the Return Taxonomy, séependix~¢ TaxonomyReturn forBuildings
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Figure9 Return Building Taxonomy: Attributes Groups, attributes, anehsiibutes.
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Networks
In this document, the ternmetwork has been used, followin@Rodrigue 2020Qwho refers to a network
as the framework of routes within a system of locations referred to as nodes. A route is a sin¢pe link
arc) between two nodes that are part of a larger network, which may refer to tangible routes such as
roads and railways, or less tangible routes such as air and sea corridors.

In Figure 10, the description of the network component is provided, subdivided into transportation
networks (transportation of goods and peopleand utility networks (water, sewage, power,
communication), including the most critical lifelines for sustaining the urban metabolism.

Transportation ) ]
Utility Network
C
[Ra\\-,.-,-ay Netwcurk] [ Road Network ] [Pcwer Network] [Water' Network] [Energy Nen-uork] [ GGI\‘I‘;:;’;C:(UO”]

Figurel0 Taxonomy of networks

Transportation networks

According to(Rodrigue 2020)ransportation networks are a framework of routes connecting locations.
The structure of any region corresponds to networks of economic and social interaclibase
networks ae, for instance, a composition of roads railways There are several classifications of
transportation networks. For example, they are classified according to their structuredqengralized,
decentralized, or distributeddr their economic finalitye.g., least cost to use, least cost to build, or
hybrid).

In terms of risk, a transport network can be evaluated (its value from one perspective) by the degree of
importance it has within an urban system. Thus, the impact of a disaster, causing damage and loss, both
material and immaterial, is analyzed when assessing the risk of a hazard occurring. In addition, the
vulnerability of transportation networks and their exposure to natural and human hazards must be
considered.

Utility Networks

As Marvin and GrahaifMarvin and Graham 1993pinted out, utility networks, including water, waste,
electricity, gas, and telecommunications systems, are essential to the economic, social, and
environmental performance of modern society. These networks serve as the basic infrastructure that
allows modern cities to function.
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4.4.4.2Green Infrastructure

Beginning in the 1990s, additional services and functions provided by nature were identified by scholars
within cities. For example, natural systems are uniquely suited to provide carbon sequestration to slow
the rate of climate change, mitigate harsh microclimates, cleanse the air and water, produce food, and
provide habitat in support of biodiversity and food productiddue to its multiple benefits, green
infrastructure is nowadays recognized as an important component of sustainable urban communities. In
particular, green infrastructure is recognized to maintain ecosystem sendresto promote urban
livability in the following ways:

1 Regulation of Water Quality and Quantitly retaining rainfall from small storms, green
infrastructure reduces stormwater discharges. Lower discharge volumes translate into reduced
combined sewer overflows and lower pollutant loads. Green infrastructure also treats
stormwater that is not retained. Green infrastructure can mitigate flood risk by slowing and
reducing stormwater discharges

1 Regulation of Air Qualityegetation can reduce air pollution in several ways, includiveg
additional capture and deposition of pollutants on its surface.

1 Increase in Climate Resilignosegetationhas multiplebenefitson urban resilience to climate
change and in particular against climate extremes; 1gaim improve thermal comfortpy
reducing the urban heat island effe@) it can help replenish groundwater reserves, relieving
stress on local water supplies and reducing the need to import potable wajeit; helps to
manage flooding with infiltratiodbased practices, floodplain management, and open space
preservation to complement other measures to lower flood risk; 4) it lowers building energy
demands by reducing indoor temperatures and shading building surfacéisc@tributes to
reducingenergy consumption managing water by reducing rainwater flows into sewer systems.
Green infrastructure can reduce pumping and treatment demands for municipalities; 6) It helps
to protect coastal areas with living shorelines, buffers, wetlands, and dunes to help reduce
coastal erosion and storm impacts.

1 Improvement of Habitat Vegetation in the urban environment provides habitat for birds,
mammals, amphibians, reptiles, and insects.

In recognition of the importance of natural systems in cities in support of these services and functions,
the term green infrastructurewvas developedand its essential role in cities promoted since the mid
1990s(Seiwert and RoRler 2020)here are many definitions of green infrastructesg.,Marco Tullio

and Boyle 2003; Wright 2011; Ying et al. 2da&)we can start from the operative description of green
infrastructure as the collection of urban biological and natural subsystems and solutions that are not
entirely of entropic origin. Green infrastructure includes:

1 Urban forests, including parks, reservasd vegetation in private areas and including habitats
andecosystems

Natural and constructed wetlands, rivers, lakes

Street trees

Bioretention areas, including rain gardens and bioswadesl

Living roofs (green roofs)

=A =4 =4 =4
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We note that the green infrastructure might also include infrastructure which are intrinsically more
ddzadlrAylroftS oS®ads o6A1S flySao odzi GKAa SyidlAfa
important to note that an increasing number of gregray infrastructure (e.g., a permeable pavement)

is being implemented, and there might be a continuum of examples between gray and green extremes,
but for a preliminary classificatigwe think this discussion can be postponed.

For green infrastructuredifferent typologies havebeen derived, in generalstarting from easy
available (often open) data. For instance, most classifications are derived from sdtadldéd dataand
therefore most often lacknformation on the use of the different types of green infrastructure, as well
as on their precise boundaries. On the other hand, grelbasked maping provides accurate boundaries
but lacksdetails on essential features such as structural components, for exathplextent of trees or
sealed surfaces in a pocket pals such, the typologies combining elements of land use as well as land
cover are the mosuseful sinceboth are necessary to determine the combination of ecological and
social functions that Gdrovidesand their impacts on the webeing of urban residents.

A recentpaper (Xiuli Wang et al. 202@)as classified green infrastructure starting from the way it is
integrated into buildings, including horizontal, verticakterior, and interior space$igurell. Each of
thesehas specific advantages and disadvantagksizontal greenery includes green roofs and elevated
forests, while vertical greenery systems include green fagades, green walls, green tearatgsrtical
forests.

green roof

— green terraces

elevated forest

vertical forest

green wall

Figurell Classification of green infrastructure (from Wang et al., 2020)
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Another proposed classificatioadopts a climatological approach based on its climatic function and
structure (Koc, Osmond, and Peters 2016)gure1?). This approach requires the logical division of Gl
features into vegetation layers, ground surfacasd building structures that are disaggregated into
classes and sutlasses. These are combined in a dowiey matrix to generate different typologies
commonly recognizedas (a) tree canopy, (b) green open spaces, (c) green,raots (d) vertical
greenery systemgBartesaghi Koc, Osmond, and Peters 20ijlenced that a ternary approach in
terms of the functional (purpose, use, services), structural (morphology) and configurational (spatial
arrangements) attributes of Gl should be applied for a more comprehensive classificatfboiently
generic to be used across research disciplines, but also specific enough to be implemented for specific
scopes, scenaripgnd settings.Indeed, the review of relevant literature has evidenced the lack of a
common terminology and that a universal typology for all scenarios is impractical.

However, for urban planning purposes and as reported above, it is important to stress that one of the
strengthsof green infrastructure and more in general of NatBased Solutiongsthat they are mult
functional and provide multiple simultaneobgnefitsto different hazards. The same trees that remove

air pollutants also provide cooling and shade on hot days, can enhatereeption, and increase
infiltration into the ground thereby reducing overland water flow, promgshelter and food for insects

and birds, and suppadrigthe health and wellbeing of city residents.

GREEN
INFRASTRUCTURE
TYPOLOGY (GIT)

s1 s2 83 sa §§ $6 §7 R1 R2 R3 R4 RS R6 vi vz vi va

O T T S S

2w sen

Qround vegetation (GV)
) edtim W

[ | ' |
OB DI OO DI 1

|§! Srme=c2 w “ “
- = 4 Lo i 7 -
— Smomm o gon ) GREEN ROOFS (GR) [ vemoas reeweny svsTeMs vas

Figurel2 Proposed greeinfrastructure typology based on a doudatry matrix from (Koc, Osmond, and Peters 2016)

Reently, (Morpurgo, Remme, and Van Bodegom 202B)phasized that the absence of a unified
classification for green infrastructure impedes the elucidation of synthesis and consolidated
relationships among ecosystem services (ES) and biodivérsifyre 13). To address this gap, they
introduced CUGIC, the maiden classification system that accommodates research on future
multifunctional ecosystem servicdsodiversity, grounded on the past decade's literature and
concentrated on the amalgam of ecosystem services and biodiversity.
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B) Vegetation structure thresholds

ll Italiadomani

-
Remnant vegetation (vegetation Natural (Lang maintained in its
without evident use or management. natural state aimed to conserve 1. What is the height Grass (Low level Shrub (medium feve! Wooded (nign level
leading to or ;), the vegetation? vegetation, <1m) vegetation, 1-5m) wvegetation, >5m) »
vegetation) ‘only passive recreation possible) 09 Gotod Gotod Goto2
e e R PR ] |
Evaigreer fomet PR et Deodious forset P e i o D A A T i
vegetation, predominantly evergroen vegetation, predominantly deciduous 1 (@ )
R L) 1| 2. Are there muttiple Shrgle Meyorad fore eal ol Multi layered (Mix of 2 or 3 levels of
1 vegetation layers vegetation, each covenng at least 10%)
1 g gt vegotation) » Goto 3 2 cosrig
Park (Green spaces designated for a wide variety of passive and active recreation. | ||
A fosigr naged) 1 I I
i_ R —— - - P [ — [P — 4
Agriculture (Land used for agriculture, usually large in size) | I ( [
1| 3.whatisthe Scarce Low density || yoqium density || Highly dense
"l cereoey (10-50% ) '
Botanical garden (Garden used for scientific purposes) vegetation? (<10% coverage) sl (50-70% coverage) || (>70% coverage)
4
o ot ) |
C) Mix of Land use/ Land cover and vegetation structure
Golf course (Land dosigned for golfing) |

Residential green & garden (Vegetation in private yards, or close to residential
housing,

; generally decorative purposes)

Green corridor (Strips of grass and scattered trees, can involve shrubs. Placed

next to canals, roads, cycling path, etc.)

Rain Garden (Vegetation with permeable earth next to impermeable surfaces) ‘

Bioswale (Stroet scalo linoar vogolated mulches with a gentie siope. Placed next
to impervious surface)

Detention basin (" - fand excavated next to fiooding water bocies) ]

Green roof (vegetation that partially or fully covers a roof)

Green wall (vogetation along a vertical surface)

| Wetland (Engineered systems that regulates water next to permanent water ‘
bodhos)

Infiltration basin (* - constructed apparatus to reguiate water) ‘

D) Mapping of consolidated Gl classification

Walter

1). Gathering open-access data

2). Classifying data

Sj)l| »\/ﬂi_etation

m!llllllmll‘”;l—>

Ay

3). Applicable CUGIC maps

Figurel3The Consolidated Urban Green Infrastructure Classification (CUGIC) prop@dedooygo, Remme, and Van

Another classification for green infrastructure in urban areas is proposed by the European Union. This
typology? is based on various sources including: | z 2 <

Bodegom 2023)

{01 Kt

htl FaMikyylanes: v R

and Donnison 2017Ecologic InstituteGuideline, and(Ndubisi, DeMeo, and Ditto 1993} provides a
valuable framework for understanding the different types of green infrastructure in urban settings.

T

= =4 =4 4 4

Building greens

Urban green areas connected to grey infrastructure
Parks and (semi)natural urban green areas, including urban forests
Allotments and community gardens

Agricultural land

Green areas for water management

8 Available at https://biodiversity.europa.eu/grednfrastructure/typologyof-gi
9 Available at https://www.ecologic.eu/11382

a$s
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(Jones et al. 2022proposed a typology based ogreen infrastructure features, witlhe idea of
matching individual features with their ecological and social functidasprovide a matrix of green
infrastructure and ecosystem serviceBhe proposed typologyTable 9) has nine main categories,
further divided into 47 sulzategories.

Table9 Components and descriptions of the main and-slalsses of the typologyones et al. 2022)

Object type (& description) Object category Description/Assumptions

GardengMainly private space Balcony A few plant pots, mostly flowers
linked to dwellings)

PrivateGarden Mostly grass, some paving, a few tre

Shared common garden area | Mixed grass, pavin@nd flower beds
assume few trees

Parks(Mainly public space, but PocketPark Small (up to 0.4 ha); Mix of paving,
some access restrictions may apy grass, a few trees
Park Larger than 0.4 ha; More grass than

trees, may contain water features,
some sealed surfaceand

infrastructure
Botanical garden More trees than a park
Heritage garden Similar tothe park, often a formal

layout, more flowers

Nursery garden Growing area for young plants; Few
mature trees

Amenity areagAreas designed Sports field Assume grass, not artificial surface
primarily for specific amenity uses

School yard Mostly paved

Playground A mixof paving, grass

Golf course Mostly grass, a few treeand

occasional water features

Shared open space (e.gquare) | Mostly paved

Other public spacéAreas designe Cemetery Mix of grassirees,and paved surface

primarily for specific uses (not _ . -
leisure); some access restrictions Allotment/other growing space | Mostly lowgrowing crops, soil

may apply) disturbed frequently

City farm Mostly lowgrowing crops, soll
disturbed frequently
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Adopted public space

Mostly 'tubs' or 'planters' with flowers
or small shrubs, in public space

Linear features/routegLinked to
routeways, geographical features

Street tree

Usually low tanediumheighttrees,
can be large trees

and boundaries)

Cycle track (as part of blue/gree
corridor)

Usually bare surface, with grass verqg

Footpath (as part of blue/green
corridor)

Usually bare surface, with grass verqg

Road verge

Usually grass

Railway corridor

Land alongside railway infrastructure
often shrubs or trees

Riparian woodland

Usually mature omixed-agetrees

Hedge

Usually formed of maintained shrubs
1-2 m tall

Constructed Gl on infrastructure
(Constructed green and blue spac
added to infrastructure)

Green roof (extensive)

Usually formed of Sedum & other
droughttolerant species, some
grasses

Green wall

Contains low stature or hanging
species, often maintained by comple
watering infrastructure

Roof garden (intensive)

A mixof decking, pavingand plants

Pergola (with plants)

Structure covered with climbing plant

Hybrid GI for watefInfrastructure
designed to incorporate some Gl

Permeable paving

Limited permeability, not usually
vegetated

components)

Permeable parking/roadway

Reasonable permeability, typically
block paving or plastic pavers with
grass

Attenuation pond

Basin with mostly grass and reeds,
some trees, with managed drainage
for storm events

Flood control channel

usuallyconstructed withearth/stone
banks or concrete, some contain
natural features

Rain garden

Smal) constructed drainage areas,
situated near houses and roads, are
designed to intercept runoff. These
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areas are frequently adorned with
native shrubs, perennials, and flower

Bioswale Often large, longtructures usually
with grass or low vegetation, near
roads/parking to retain or slow
drainage water

Water bodieqBlue spacéeatures) | Wetland Natural or constructed wetland, with
reeds/tall vegetation

River/stream Small to large river/stream, often
highly modified channel

Canal Artificial channel, vertical sides,
controlled flow (usually slow)

Pond Small waterbody <1 ha
Lake Larger waterbody >1 ha
Reservoir Artificially created large waterbody,

water level usually controlled

Estuary/tidal river Tidally influenced, brackish or
freshwater, may include saltmarsh

Sea (incl. coast) Sea and coasincludingbeaches
Other nonsealed urban areas Woodland (other) Any woodland not defined in specific
(Other unsealed features without features above
specified use, often on private lan ] ] —
Grass (other) Any grassland not defined in specific

features above

Shrubland (other) Any shrubland not defined in specific
features above

Any arable land (pastures come undé
Arable agriculture Grass (other); orchards come under
Woodland (other))

Sparsely vegetated land Mostly bare earth, but some plants

Typologycombines aspects of land use and land cover. Thus, the components include discrete features
such as gardens and parks which are typically managed as whole units but incorporate a range of land
cover classes (trees, grass, water bodies, etc.), as well as land cover types such as woodland or grassland
occurring in other urban spaces, both public and private.

Further, (Jones et al. 20223eated a matrix of potential delivery of a set of key ecosystem services in
urban areas against all Gl components in the typolggyureld). The ecosystem services providgzha
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a range of provisioning services (food provision), regulating services (maintenance of carbon stocks,
mitigation of poor air quality, noise, heat, water quality, flooding), and cultural services linkéte to
delivery of physical and mental wellbeing (providing opportunities for physical health, social interaction,
restoring capacities), as well as the potential to support biodiversity

g Supporting
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Figurel4 Assessment matrix of Gl types and ecosystem services deliyenes et al. 2022)

4.4.2Soft Infrastructure

The definitionof soft infrastructure is oneoinedby (C. Turner and Johnson 201Based orNiskanei® a
definition of soft infrastructurgNiskanen 1991)In this context, soft infrastructures shown ir-igure
15, éconstitutesthe enablinginstitutions for the territoriainfrastructure system that facilitatboth the
interworking of the individuaind the mutuallysupporting components through defining the body of
rules and regulations that govern their operation and interacion
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Figurel5 Soft Infrastructureconcept
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4.5Taxonony Proposal

Based on the classifications presented in the previous sectigngliminarytaxonomywas designedTable10). A description of each term can
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be found in thetechnical specificationSection 9.6 Technical specificatipagbsection 2

Table10A proposal for infrastructure taxonomy

Energycable, fiber, generator

Waterduct, pipe, tube

Communicatiortower, cable,

Sewage pipe, tube, tank, digester

Road, street

Rail, train
Bridge
w Urban Element Residential Building
x Basic Component Educational Building
L ) —
o — Health Building
) (®) GREY - =
= ) Grey Building® Assembly Building
O o Infrastructure - -
S = Homogeneou£onglomerate Business Building
@ 2 Mercantilebuilding
2 e Industrial Building
o % Storage Building
P g:i Hazardous Building
T Urban Network Transportatiometwork
A network is a group or system Water Supplynetwork
of interconnected people or things. Teleommunication network
Heterogeneous Conglomerate [ Energy network
Sewage network
Balcony green
GREEN N Green gro_und
. GreenBuildings Greenvertical structure
infrastructure

Green roof

Green pavement

10Based onlie GEM Building Taxonomy v2.0, attribute 6 (occupancy) + NBC 2005.
11Based on theypology developed bihe Ecologic InstituteEuropearCommissiorsee/ 3S2A 8 Si Ff @
Typology of green infrastructure (europa.eu)

HampX - Ay3a Si

' € 2 HanawT T

902f 23
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Green Noise barriers

Rain barrel

Perforated pipe

Permeablepavement

Ecological corridor

School ground

GreenGrey Area Green street
Urban green areas connected to grey | Railroad bank
infrastructure Green playground/school ground

Green parking

Rverbank greens

Agri sites

Allotment

Urbanand Periurban -
Community allotment

Agricultural Land Grassland

Arable land

Park

Green sports area

Urban Green Area Urban garden

Urbanforest
Wastelands
. Bare soil
Natural or SemiNatural -
Shoreline
Green Area
Dune system
Water bodies
Blue Area
. . Wetlands
(without human infrastructure)
Sea
BLUE Swales
Blue-Green Area Filter strips
Urbanblueareas connected tgreen
infrastructure
HealthSystem
= EducatiorSystem
L
3 SERVICES Emergencysystem
0 LawSystem
RecreationaBystem

Mobility System
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5. Urban Systemsas Living EntitiesAn Introduction to Macrc
Metabolic Processes

Cities consume about 80% of energy resources and are responsible for more than 70% of greenhouse
gas emissions, despite occupying less than 3% of the Earth's surfad¢éafiithk, 2020). By 2050, the
number of people living in urban areas will be three billion higher than today, rising from 45% to 70% of
the world's population, according to UN sodemographic projections (UN, 2022).

The concept of Urban Metabolism (UM) has been coined in an interdisciplinary field such as urban
ecology. It aims to measure the processes of extraction, transformadiwhconsumption of matter and
energy that take place in citiesp make them more sustainable (Corrie and Musando, 2010). The
organicist metaphor of metabolism associates the city with a living being or ecosystem (Kennedy et al.,
2011), whose metabolism requires inputs in the form of sa@eahnical and socienvironmental flows
(Trane, 2020) and produces outputs in the form of reproducing the vital functions of the urban organism
and generating externalities such as waste.

The UM therefore depends on several conditions: as for living beings, the species (metropolis or small
town), the habitat (developed or developing country), the relationships between the organism and
other species (city embedded in attractive networks or isolated) and its adaptive capacity (resilience)
condition the quantity and quality of the flows (of matter, energy, information, people).

Some research (Kenneth et al.,, 2013; Shahrokni et al., 2015) has set out to describeyamdea
typology of flows. Trane (2020) haammarizedthem in a diagram, which, however, reduces them
mainly to those of matter and energy. The levels of observation would be three, related to the "origin"
of the flows: local, regionaindglobal. The sectors concerned, considering all three levels, would be six:
infrastructure and transport, built environment, human environment, plant environment and soil,
production, and management. The content of the flows would vary by sector and level: from fuel
consumed for public and private transport to food and water for consumption and industry to more
ecosystemprocesses such as the photosynthetic activity of trees and the uptake of pollutants by soil.
Finally, it identifies the units of measurement with whichatwalyzethe impact of individual flowditers,

kg, meters etc.).

The first limitation of this framework concerns the difficulty of finding the data it proposes to measure.
This is a common problem in UM literature. Attempts to measure UM in several cities (Lanau et al.2021),
including London (Best Foot Forward, 2002), Vienna (Hendriks et al.2011), Paris (Barles, 2009), have
been confronted with the absence of disaggregated dated sometimes with the very lack of datasets

on the various indicators. This has led research to focus on institutional aspects, such as policies, market
regulation modelsand governance styles, which intervene to make metabolic processes sustainable.
The reference is to good practices in the management of local public services (Romano et al.2021),
including municipal solid waste, integrated water service, and mobility.

A second limitation refers to the lack of diversification of the outputs of urban metabolism. Part of the
energy, food, and water that 'feeds' the city is used to generate added value, employment, semites,
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everything that makes an urban environméiveable Another, however, is not retained and constitutes
a significant flow of matter and energy that in the first circuit of use isutibzed (Figurel6).

W

M

Figurel16 Sketch of UM processes accounting for inputs (I), outputs (O), internal flows (Q), storage (S), and production (P) of
water (W), energy (E), material (M), and food (F) (tratto da Derrible et al.2021)

The reference is to GHG emissions, the production of urban and construction waste, and the dispersion
of water and energy. The sustainability of a city's UM is played out on the ability of its social actors to
know how to transform it from linear to circular (Derrible et al.202irganizingsocictechnical and
socicecological apparatuses capableretognizingand avoiding wastdncentivizingmaintenance, and
providing for reuse.

A third limitation of the framework is that it does not define, except to a preliminary extent, which
processes enable the transformation of inputs into outputs, and does not identify the impact of the
institutional contexts of different cities on thmodelingof these processes. This stage of the UM is less
explored in the literature. A preliminary method for tracing it may be to ‘chase' the inputs and to
observe which activities enable their transformation into outputs.

If one considers, for example, food, this arrives in the city in the form of 'raw material', for example
milk, fruit, vegetablesor meat and fish sold in markets, or 'seprbcessed' and 'processed’, in the case

of products that are packaged or have undergone initial processing outside the city. The activities that
are carried out in the urban context with food are very different, although interdependent: (i) logistics,
to sort resources at the various distribution points; (ii) sale, with huge differences depending on the
context of purchase (from the local market to the large hypermarket); (iii) processing, in the case where
one of the processes of food processing takes place in the city, either in the case of food industries or of
simpler preparation and supply by shopkeepers, as is the case with catering; (iv) consumption, from
domestic to public consumption; (v) recovery and storage, with activities ranging from organic waste
collection to food banks, to water purification.

6. Relationships anthterdependencies amorgrban Systems

Thispreliminaryconceptual model can be further complemented by additional considerations on the
dependencies among the different base componeatsjepicted inTablell.
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Tablell Relationships and interdependencies among urban systems

Dependencies {"row X" depends on "column ¥")

Non-resident

Population
P Resident

Green infrastructure

Gray infrastructure
Hard infrastructure

Infrastructure

Blue Infrastructure

Soft infrastructure

Buildings
Transportation
Networks
Utilities
Blue Area

Blue-green area

Tourists

Residents

Building green

Urban agricultural land
Urban green area
Residential buildings
Educational buildings
Health buildings
Assembly buildings
Industrial buildings
Storage buildings
Hazardous buildings
Roads
Railways/subways
Power

Water
Communication
Sewage

Sea

Water bodies
Wetlands

Swales

Filter stripes
Educational system
Water system

Health service
Financial system
Emergency system

Law enforcement system
Recreational system

Tourists
Residents
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Where assessment of dependency is exgmsed and binary (dependent or not dependent). Despite
this simple assessmentioin this preliminary dependency tahlseveral additional considerations can
be made for instance in terms of the apparent criticality of each element, as display@dainhl.

E
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Graphl Criticality of infrastructure elements

This analysis shows that, unsurprisingly, power, water communicatiod sewage represent the
potentiallymost critical elements of the urban systefollowed by transportation networkemergency,
and law enforcement systesnCounting the dependencies on the other axighe tableprovides in turn
a picture of the overall dependency of teéementsconsidered as shown irisraph2.
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| 22 Urban water
_ 14 Urban green
I 16 Parks

| ] 13 Residentizl buildings
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] 19 Health buildings
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] 21 Railways [ subways
I s Power
G Water
1 21 Communication
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I 11 Sea

I 9 ‘Water bodies
I 7 Wetlands

. 7 Swales
I 13 Filter stripes
] 18 Educational system
] 20 Water system
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_ 15 Emergency system
_ 10 Law enforcement system
_ 22 Recreation system

Graph2 Overall Dependency of the elements
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From this perspective, the most dependent elemeatg (in order of number of dependencietie
resident population, the recreationalystem,and the tourists. The level of dependency atsmtributes
to defining the potential vulnerabilityconcerningnatural and environmental hazards. Of coyrtgs
representation involves a high degree of simplification (for instance not acknowledging the fattig¢hat
resident population is also key for the good functioning of most of the critical services).

These preliminary considerations already highlight the high degree of interconnectedntss ludsic
elements of the urban system and the need for a more systematic description.

7. OtherRskoriented Taxonomies

7.1Hazards

This lack of a coherendind standardized/iew of hazards hampers disaster risk reduction in several
ways: it compromises effective reporting by countries on aspects such as mortality, morbidity, economic
loss, damage to basiofrastructure and disruption of basic services; it is a barrier to implementing a
comprehensive and inclusive approach to the development of national and local disaster risk reduction
strategies and related financing and regulatory frameworks; and it affects the capacity to develop and
use multthazard early warning systems effectively and forecast events in the future. In May 2019, the
UN Office for Disaster Risk Reduction (UNDRR) and the International Science Council (ISC) jointly
established a technical working group to identify the full scope of hazards relevant to the Sendai
Framework as a basis for countries to review and strengthen their risk reduction policies and operational
risk management practice§.he technical working group used an iterative process of developing and
reviewing the hazarddisted through extensive consultation with over 500 technical experts from
relevant science groups, UN orgaations, the private sector and other partngtdNDRRSC 2020)The
hazard list comprises 302 hazards grouped according to eight clusters:

1 meteorological and hydrological hazards,
extraterrestrial hazardgyeohazards,
environmental hazards,

chemical hazards,

biological hazards,

technological hazards,

societal hazards.

=A =4 =4 =4 -4 =9

This hazard lists consideredthe most useful at the present timaJthoughit is not a definitive list and
would need regular review and updating. Hazard definitions are sourced from the highest possible
authority (such as the UN agency responsible for providing guidance on the hazard), reflect scientific
consensus on the issues addressed, and are of broad international releveimeéist of hazards is
reported inAppendixE¢ Taxonomy of Hazards (UNSDR)ile acomplete description of the considered
hazardds provided ifUNDRRSC 2021)
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7.1.1 Climaterelated hazards

The classification of hazards considered in the section above and proposed by -LBCSE?
encompassephenomena that are strongly influenced by climate and as such can be related to climate
change. However, a more direconsideration of climate change is advisable to bettensiderthe
related impacts and risks associatith it. An review and description of climatic hazards (also referred
to as climatic impact drivers) has been carried out in 2020 by the Europearoringintal Agency
(Crespi et al. 2020)and provides a very useful starting point for a further harmonization and
standardization of hazards within a broader framework where als@fseimption of stationarity on the
underlying physical processes is explicitly taken in account.

7.1.2 Multi-hazard relationships

Hazardsoften can be observed in combinations and can also intewattt each other.To provide a
consistent reference to address their combination, reéer to the work of(Tilloy et al. 2019)which has
consideredseveral contributions from the recent muhiazard literature Hve main interrelation types
are proposed

I. Independence (I): Coincidence between hazards can occur. It implies a spatial and temporal
overlapping of the impact of two hazards without any dependence or triggering relationship. It is
equivalent to the independent relationship in Liu et al. (2016) &rah Westen and Woldai 201and

the spatiattemporal coincidence in Gill and Malamud (2014). An example is the 2010, Pacaya volcanic
eruption and tropical storm Agatha which hit the Pacific coastline of Guatemala almost simultaneously,
leading to exacerbated damages due to ash bloctiegirainage system of rainfall triggering lahars (Gill

and Malamud, 2014). We also include in this category cases where two hazards impact the same area,
independently, at different times (e.ca,cyclone occurring few weeks after an earthquake).

II. Triggering (CascadingT): Implies a primary and a secondary hazard. As explained by Gill and
Malamud (2014), any natural hazard might trigger zero, one or more secondary natural hazards
(Tarvainen et al., 2006; De Pippo et al., 2008; Kappes et al., 2012a, Kappes et al., 2012b; Marzocchi et al.,
2012). The secondary natural hazard might be identical or different from the primary hazard. As an
example, an earthquake might trigger landslides, which can trigger a flood, resulting in a hazard cascade
(Catane et al., 2012).

lll. Change conditiongC) This relates to one hazard altering the disposition of a second hazard by
changing environmental conditions. This phenomenon has been discussed in previous papers (Kappes et
al., 2010; Catane et al., 2012). One of the reasons is its variable temporal scale, for example, a wildfire
might denude an area of vegetation and harden the soil thus amplifying the strength of floods through
increasing overground flow and resaly in a debris flow (Cannon et al., 2008). A wildfire can have a
non-negligible influence on soil infiltration up to one year after its occurrence (Shakesby and Doerr,
2006). For example, in Las Conchas in New Mexico in 2011, a wildfire charred >150,000 acres leading to
an increased flood one month later (FEMA, 2012). There is a similar issue with river flooding amplified
by landslides (Costa and Schuster, 1988).
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IV.Compound hazardassociationA): In this interrelationdifferent hazards are the result of the same

G LINR YI NB S @&l précEssed (Maziad aNdBHEmm, 2017) which are not necessarily hazards. In
this casethere is not a primary and a secondary hazard as the different hazards occur simultaneously.
As an example, the eaccurrence of river flooding and sea surge could be the result of the same large
scale process (tropical cyclone, ntéditude cyclone) (Bevacqua et al., 2017; Dowdy and Catto, 2017).
The two hazards are considered as dependent and form a-magtard event called compound flooding
(Klerk et al., 2015; van den Hurk et al., 2015; Wabhl et al., 2015; Moftakhari et al., 2017). Depending on
the scale we focus on this dependence can be almost instantaneous or lagged. Therefore, Klerk et al.
(2015) found a statistical dependence between extreme discharge on the Rhiaeand extreme sea

level at its outlet into the North Sea, but withGaday lag time. This can be explained by the size of the
Rhine catchment. Moreove6-day some otherdependenciesare spatially and temporally closer, such

as the dependency between lightning activity and hail occurrence (Lang and Rutledge, 2002; Carey et al.,
2003).

V. Mutual exclusion (negative dependenceE): Two natural hazards can also exhibit negative
dependence or be mutually exclusive. There is limited literature because a negative dependéwee o
hazards does not lead to an increased impact, which is the case for positive dependence. There are
many examples of hazards that show negative dependence, often hydrometeorological (e.g., heavy rain
and fire). However, such negative dependence is often on a particular spatial and/or temporal scale. For
example, within a tropical cycloneoth extreme wind and lightning are likely to occhut Molinari et

al. (1999) show that the extremes of these two hazards occur in differens pathe cyclone. On the

scale of the whole cyclone, those two hazards are positively dependent, but on a narrowettlssgale
appear to not occuextremelytogether.

7.2Vulnerability

Vulnerability has been recognized as a critical component of risk since now decadegpanding on

multiple dimensionshas beendiversely interpreted from different communities of practi(é NDRO

1980; IPCC 2022; Cardona et al. 2012; De Leon 2006; Khalid et al. 2021; Barros and et.. al. 2014)
Consideringthe most recent sources within a perspective of harmonization between Disaster Risk
Reduction and Climate Change Adaptation, eefine vulnerability as dthe propensity(of exposed
elementd of being adversely affected by a natural hazard in multiple dimensions: environmental,
physical, technical, social, cultural, economic, institutional, or padleyed factors. This condition is
strongly tied with and derives from multiple shaand longterm socieecological processes defined as
underlying risk drivegs(i.e., inter-relations between social actors and seeiconomic processes with

the environmental componentd) ! & dzy RSNI AYySR Ay GKS 9! [/ 2YYA&aaa

certain characteristics and circumstances of a community, systamasset could make it more
susceptible to the damaging effects of a hazguiNISDR 20097 his definition of vulnerability does not
separate the causes/process that have led to a condition of vulnerability from its observable and
measurable components. These specific components result from coedépdndent processes
identified as underlying risk drivers that hinder the capacity to cope with Fiakinstance, the ability of

a building to withstand earthquake impacts is influenced by its physical characteristics, such as the
height of the building and its age as well as its location or the vicinity to other buildioggs physical
vulnerability can be also related to the quality of building practices and the level of corruption in the



Finanziato % Ministero N H
dall'Unione europea » dell'Universita l Italiadomani
NextGenerationEU TS e della Ricerca = g rianc O NAZIONALE

DI RIPRESA E RESILIENZA

country they ardocated in(Bilham 2009) Figures from recent disasters highlighted the influence that
socioeconomic and cultural factors havetbe impacts of hazardousvents Almost 50% of people who
died in Louisiana because of Hurricane Katrina in 2008 were people older than 75Bmarkard,
Namulanda, and Ratard 2008hd the average age of deaths recorded after the wildfires in 2017 and
2018 in California was over {®lamideh, Sen, and Fischer 2Q2@)s Angeles Times, 2017, 2018
www.latimes.con). Hence, older age, which is related to issues of mobility, heatith communication,

may increase the susceptibility of people to disasters. The study conduci{@itblgie and Rosado 2022)
underlines that populations in losmcome countries are more vulnerable tbe effects of natural
disasters Whenlow-frequency, higimpact events occur in countries with low SDI (sat@oographic
index), an index representing health, social conditjcasd economic development for a country, a
dramaticallyhigh number of deaths is recorded, whereas highly developed countries seem to be much
more resilient to disaster events and therefore the number of deaths results consistently low. This
YSIya GKFd GKS RSINBS 2F LIS2L) SQa @dzf ySNIoAf AGS
poverty, population growth, lack of awareness and infrastructure, and weak institu(Blagkie 1994)

(B. L. Turner et al. 20Q3Khalid et al. 2021)

Considering the muhiimensional nature of vulnerability and the most common definitions of
vulnerability provided irthe literature, (De Leon 2006; Birkmann et al. 2013; IPCC 2022; Zebisch et al.
2023) the following types of vulnerability could be defined:

9 Physical vulnerability the propensity of the built environment (e.g., buildings and
infrastructure) built-up areas, infrastructure, and open spadessuffer the physical impact of
hazardous eventéDouglas 2007; Birkmann et al. 2013)

1 Social vulnerability The social dimension refers to the propensity for human Hveilhg to
suffer harm due to disruptions to individual and collective social systems (Birkmann et al., 2013).
This dimension addresses how the attributes of individuals and groups make them vulnerable in
a particular context (e.ggender, ethnicity, age, etc.), as well as how social relations across
scales shape vulnerabili¢ggingh, Eghdami, and Singh 2014)

9 Economic vulnerability the propensity of economic assets and processes to be harmed by
exogenous shock€ardona et al. 2012%uch as the potential impacts of natural and rmaade
hazards (i.e., business interruption, secondary effects such as increased poverty and job loss)

1 Environmental vulnerability potential natural resource depletion and resource degradation
(destruction of forest, farmlandor crops, lower yields) following a hazardous ev@dhited
Nations Environment Programme 2011)

9 Institutional vulnerability: The institutional dimension relates to the attributes of institutions
and governance systems that influence the predisposition of a system, commuroties
individuals to withstand, cope and recover from being adversely affected by the impact of a
natural hazard (Papathorag&dhle et al., 2021). This dimension is connected to the deeision
making power across society and the ability of institutions/governments to implement policies
related to disaster risk and climate change adaptation on the ground.
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Also, susceptibilities, fragilities, weaknesses, deficiencies, or lack of capacities that favor adverse effects
on the exposed elements may change over time. During the past decadesc2D26),the 4 2 N RQa
population experienced major transformations in population size, development patterns, economic
conditions, and social characteristig@utter and Finch 2008)Zhou et al. 2014)These social, economic,

and builtenvironment changes altered the temporal trends of social and economic vulnerability.
Likewise,physicaland environmental vulnerability could increase in tirnecauseof unplanned and
informal modifications, the lack of maintenancand environmentainduced deterioration(Cremen,
Galasso, and McCloskey 202Z)herefore, vulnerability can be considered dynamic. Vulnerability
models, however, are often static, in the sense that they do not consider suchdependent or
damagedependent variation of vulnerability. Therefore, a further classification of vulnerability,
referring to modeling characteristics, is between static and dynamic vulnerability.

Changes in vulnerability may also be due to consecutive or compound disasters and societal shocks,
such as the effects of an earlier hazard on the vulnerability at the time of a second liZagtd et al.

2016) (De Ruiter and Van Loon 2022Yhentwo hazards interactthe vulnerability of the exposed
elements may be altered by the first on@nd, in turn, their capacity to respond to the second hazard
may dramatically change. For instance, the accumulation of damage in structureampeged by a
seismic main shock may change their physical vulnerability vineatenedby aftershockgPolese et

al. 2013) (lervolino, Giorgio, and Chiccarelli 2018¢rvolino, Giorgio, and Polidoro 201%Eentile and

Galasso202®) ! f a23 LIS2L)X SQa @dzZ ySNI 6Af AGe sétuycloedr T dzNI K

time. In November 202Qjuring the COVIEL9 pandemic, the super typhoon Goni hit the Philippines.
¢KS 2y32Ay3 LIYRSYAO AYLI OGSR LIS2L) SQa |oAfAde
triggered floods and landslides. The typhoon caused homelessness and loss of access to basic amenities;
COVID numbers surged owing to overcrowding in evacuation centers and the limited ability to observe
social distancing regulatiori&onzalo Ladera and Tiemroth 20ARocha et al. 2022)

Therefore, when describing vulnerability, it should be specified if it refers to:

9 Singlehazard vulnerability: the propensity of exposed elements to suffer adverse effects when
impacted by a specific hazard, avoiding potential vulnerability interactions.

9 Multiple-hazard vulnerability: the propensity of exposed elements to suffer adverse effects
when impacted by two or more hazards, involving the potential exacerbation of vulnerability
when hazards occur close in time.

7.2.1Physical Vulnerability

1 Physical vulnerability describes the susceptibility of the built environment, including homes,
roads, bridgeshospitals schools and government buildings, to be negatively affected by
hazards. It is usually expressed in terms of damages attained by such structures during a
hazardous event (represented by its location, magnitualed frequency) or costs associated
with their reconstruction processes. Propension to damage of facility contents can be
considered a part of physical vulnerability as well. Physical vulnerability depends significantly on
the materials used forthe constructions and on the design level. Typically, physical
characteristics of elements at risk that affect their physical vulnerability are directly linked to a
particular hazard. For example, the degree to which a building withstands an earthquake is
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directly linked to the building material and construction technique used. However, a great level
of resistance related to earthquakes depending on previously mentioned factors does not
automatically imply that the ability to resist a flood event is similarly high as flood vulnerability
also depends on other construction factors (e.qg., the presence of a basement floor).
Examples of physical vulnerability include:

0 Unprotected buildings and infrastructure

o Lack of irrigation infrastructure

0 Lack of road infrastructure

o Poor sewage system

o Insufficient maintenance of plants/pipelines

7.2.2 Social Vulnerability

The social dimension can be disaggregated into two-dintensions: individual and collective. The
individual subdimension refers to the predisposition of individuals to physical, physiological, and mental
harm. This includes their abilities to cope/anticipate/adapt to these situations (e.g., based on their
education, experience, elc The predisposition of individuals is linked to characteristics such as age,
disabilities, level of education, experienets. (Olaya Calderon and Romagnoli 2024)

On the other hand, the collective suimension refers tchow the disruption of social systems can
adversely affect human weltleing. Therefore, the way individuals interact within a community, their
social cohesion, and their social networks can all play a role in shaping vulnerability. For instance, social
relations within a group can lead to marginalization, making groups more vulnerable than others.
Furthermore, this subdimension also covers how access to social services such as education and
healthcare can affect vulnerability and how the disruption of these services can further exacerbate it
(OliverSmith 1999; Barros and et. al. 2014; Adger 2003; Singh, Eghdami, and Singh(QRi4)
Calderon and Romagnoli 2024)

The differential susceptibility of people to suffer negative consequences of natural hazards mostly
depends on demographic, soegmonomic, educational, health and wéking factors.

Age and gender Children and elderly people living alone are the age groups that may be more
vulnerable than others to natural hazards impacts, as they are dependent on others and require
protection, financial support, transportation, medical casad assistance with ordinary daily activities
(Staffogia et al., 2006; Rosenkoetter, et al., 2007; Gosling et al., 2009; Ardalan & Mazaheri, 2010).
Hence, children less than 5 and people 65 years and older might have many problems in emergency and
recovery phases and require special attention by disaster response planners and operational officers.
Minority groups such as migrant or ethnic community may be characterized by high social vulnerability
as well, due to language and communication problems that make them unable to understand event
related information (e.g., redime evacuation information during emergencies) (Peacock, et al., 1997,
Carnelli & Frigerio, 2016). Such groups may also have more difficulties in finding employment and
housing, developing distrust of authorities (Enarson and Morrow, 2000; Donner and Rodriguez, 2008).
Discriminatory atmosphere to women, especially in developing countries, causes a limited access to
resources and information for female population, limitations that may affect their physical and mental
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health during and after disasters (Sohrabizadeh, et al., 2014). For example, in the Indian Ocean tsunami
of 2004, the women were made more vulnerable than man by societal norms which did not encourage
survival training for girls (e.g., to swim or climb trees) and which placed the majority of the burden of
child and elder care with women. Thus, escape was made more difficult for women carrying children
and responsible for others (Doocy et al., 2007).

Socieeconomic condition People in poor socioeconomic conditions (high unemployment and greater
poverty) show high vulnerability and low adaptive capacity to natural hazards (Nurse and Sem, 2001;
Cutter, et al., 2000{Wisner and et. al. 2003Carnelli & Frigerio, 2016). Impoverished people are more
likely to live in hazar@gxposed areas and are less able to invest inrggkicing measures. The rapid and
unplanned urban growth increased in the nhumber and extent of informal settlements often located on
marginal land within cities or on the periphery because of the lack of alternative locations. Because of
their location, suburbs are often exposed to hydrometeorologieddted hazards such as landslides
(Nathan, 2008) and floods (Colten, 2006; Aragamand, 2007). Also, the lack of access to insurance
and social protection means that people in poverty are often forced to use their already limited assets
to buffer disaster losses, which drives them into further poverty.

Education Lower education may constrain the ability to understand warning information and access to
recovery information (Cutter et al., 2003). As a matter of fact, education can directly influence risk
perception, skills and knowledge and indirectly reduce poverty, imph@adth, and promote access to
information and resources. Highly educated individuals and societies are reported to have better
preparedness and response to the disasters, suffered lower negative impactsaamecover faster
(Muttarak and Lutz., 2014).

Health and wellbeing Individuals who may need additional response assistance including children,
senior citizens, pregnant women, those with mobility and cognitive constraints and those have chronic
medical disorders or pharmacological dependency can be considered more likely to be vulnerable to
natural hazards. They are at increased risk of injuries and deaths whatever the hazard type. For some
extreme weather events such as heat waves, socially isolated elderly people wigéxigtiag medical
conditions are vulnerable to hazardlated health effects. Also, the risk of mental health problems pre
and postevent is also higher in poorer households and communities (Werritty et al., 2007). Health
conditions is linked to the institutional dimension, as health service provision (e.g., environmental health
and public health issues)frastructure,and conditions; Street et al., 2005) may be impacted by extreme
events as well (e.g., failures in hospital/health center building structures; inability to access health
services because of storms and flood§ther examples of social vulnerability according to the
individual/households and collective/community perspective include:

0 Individual/Household

A Limited skills and formal education

A People with preexisting health conditions

A Employment status (formal /informal) (type of employment)
o0 Collective/ Community

A Marginalzed groups of individuals

A Limited social networks

A Limited access to healthcare services
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A Limited access to educational services

The social vulnerability can also encompassiléural dimension that is, the predisposition to damage
intangible values, including meanings placed on artefacts, customs, habitual practices and natural or
urban landscape@irkmann et al. 2013)his aspect also encompasses how values and beliefs shape the
priorities and actions related to disaster risk reduction and climate change adaptation (IFRC, 2014;
Kriger et al., 2015). Examples of cultural vulnerability include:

9 Disregard of local knowledge
1 Lack of engagement with local or indigenous commusitie
1 Mismatch of traditions and modern DR&ated technologies and policies.

7.2.3 Economic Vulnerability

Economic vulnerability can be defined as the susceptibility of an economic system (including public and
private sectors), to potential damage and loss (Rose, 2004; Mechler et al., 2010) and refers to the
inability of affected individuals, communities, businesses, and governments to absorb or cushion the

damage (Rose, 2004). Economic vulnerability influencesex@stt duration of indirect followon effects

on the economic system, such as business interruption costs to firms, income losses of households
unable to get to work or the deterioration of the fiscal stance pdisasters as less taxes are collected

and significant public relief and reconstruction expenditure is required (Cardona et al., 2012).

902y 2YAO @dzZt ySNIoAfAGeE Y2adte RSLISYyRa 2y 0O2dz/iNEC
financing postdisaster relief and reconstruction neetts quickly recover and avoid substantial adverse

ripple effects (Mechler et al., 2006; Marulanda et al., 2008a; Cardona, 2009; Cummins and Mahul, 2009).

To absorb the financial burdens of disasters, economic agents may rely on fhadest insurance.

Households as economic agents often use informal mechanisms relying on family and relatives abroad

or outside a disaster area; governments may simply rely on their tax base or international assistance.

7.2.4Environmental Vulnerability

The environmental vulnerability deal with the damage and the degradation of ecosystems and the loss
of ecosystem services due to the impacts of natural hazards. Environmental vulnerability can also be
represented by the loss of access to vital resources (e.g., water resources) in the case of a hazardous
event occurring, generating indirect effects on communities (e.g., increases the risk of crop failure). An
ecosystem is a functional unit consisting of all the living organisms (plants, aremalmicrobes) in a

given area, as well as the néiming physical and chemical factors of their environment, linked together
through nutrient cycling and energy flow. Ecosystem services can be defined as the benefits people
derive from ecosystems. These include provisioning services such as food and water; regulating services
such as flood and disease control; cultural services such as spiritual, recreational, and cultural benefits;
and supporting services such as nutrient cycling that maintain the conditions for life on Earth. Thus, the
degradation of ecosystem services and functions can directly impact humabeiredj.

Environmental degradation may affect frequency and intensity of extreme climate events. Deforestation
and desertification have demonstrable effects on local rainfall patterns and are complicit with the
occurrence of drought. Also, ecological conditions affect natural barriers that can moderate the impacts
of a disaster and protect communities providing natural defenses against hazards. For instance, wetland
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ecosystems function as natural sponges that trap and slowly release surface water, rain, snowmelt,
groundwater and floodwaters. Dunes and reefs create physical barriers between communities and
coastal hazards.

7.2.51Institutional Vulnerability

The institutional vulnerability represents the lack of institutional capacity to deal with the consequences

of natural hazards (Papathori€bhle et al., 2021). It is not referred to the vulnerability of the institution

but to their role in dealing with risk management, e.q the response phase, i.e., how inadequate

response, communication and coordination of the responsible organizations affect negative
O2yasSljdsSy0dSa 2F KIFITIFITNRaoe LyadAaddziazyl f @dzt Yy SNI 0 A
weaknesses embedded in institutions (purposedly or-parposedly built for disaster management)

GKIFIG NBRdzOS GKS OFLI OAlGe G2 NBaralkgAlGKAGF YRk O2 LI
(PapathomaKdhle and Thaler, 2018 he capacity of institutions to manage the disaster is also
influenced by the conditions of great uncertainty they face in every stage (Zaccaria, 2023).

The role of institutions is crucial in each phase of the disaster risk management cycle, including
mitigation (land use planning regulations, risk transfer mechanisms), preparedness (accountability,
public and locald 2 Y'Y dzy kdlugidhae@rly warning systems), response (accountability, priorities,
treatment of vulnerable groups, involvement of local communities) and rehabilitation (resources and
allocation, insurance, compensation). Institution may refer to formal rules (such as legal instruments,
regulations, government, guidancgpolicies,and plans), to informal institution (i.e., rules such as
customs, traditions and unwritten laws that determine human behavior), and to organization including
public administration, and governmental organizations such as ministries as well as funding agencies
and research institutes. Thus, institutional vulnerability may be influenced by the-caltimal status of

a community including the use of local knowledge and practices, the level of community participation,
the risk perception and public awareness which is connected to ®mctnomic and cultural
characteristics. Traditional behaviors tied to local (and wider) tradition and cultural practices can
increase vulnerabilitg for example, unequal gender norms that put women and girls at greater risk, or
traditional uses of the environment that have not adapted (or cannot adapt) to changed environmental
circumstances. Religion may also influence positions on environment and climate change policy because
of the religious explanations of nature and the role of religion and faith in the context of disaster (e.g.,
Kintisch, 2006; Hulme, 2009).

The response to natural hazards is strongly related to the level of democracy and the political stability of
the country. According to the World Bank & United Nations (2010), less democratic countries suffer
more deaths from natural or mamade hazards, not only due to public awareness but also to the
credibility of politicians to commit to the citizens. Political stability also guarantees a proper functioning
of institutions in natural hazard emergencies. The lack of transparency and corruption contributes to
social and ecological imbalance and therefore to the vulnerability of industry, commerce, construction,
health and agriculture (Lewis 2011). Corruption also may lead to the lack of implementation of land use
and building regulation; accordingly, settlements could be more exposed to natural hazards and
buildings could be characterized by bad quality and low performances against them, that may lead to
more disaster related deaths. Thus, the availability of building regulations and code is essential, but their
implementation should be guaranteed as well. Environmental legislation, (egjslation related to



Finanziato
dall’'Unione europea
NextGenerationEU

. Ministero .
| dell’Universita l Italiadomani
e ) e della Ricerca = BN PIANG O NAZIONALE

DI RIPRESA E RESILIENZA

deforestation, air pollution, land degradation, etc.) also influences the exposure and vulnerability of
communities and natural resourced/e suggest two main pillars necessary to address the institutional
dimension (proposed by Papathimi$hle et al., 2021), the political and legislatregulatory. The
political pillar refers to the government's effectiveness, i.e., the quality of providing public and civil
services, policy formulation qualitand political stability. The legislativegulatory pillar relates to the
legislation concerning civil protection, disaster risk reduction and climate change adaptation strategies,
the disaster risk transfer and retention policy, environmental legislation, and the legal framework and
policy strategies contributing to reducing risk, such as land use plar{@taya Calderon and Romagnoli
2024)

Examples oihstitutional vulnerabilityinclude:

1 Week land tenure and access rights for women

Inadequate climate information service

Poor social protection

Lack of disaster preparedness

Lack of coordination between national and local levels of government

= =4 =8 =4

8. Risk Storylines

We define a storyline as a physically sehsistent unfolding of past events, or of plausible future
events or pathway¢Shepherd et al. 2018; March, Sproull, and Tamuz 198&) use of past events is
very useful since they represent individual examplestlud realization of processes antheir
consequencegherefore shedding light on thdependencies and vulnerabilities of the affected systems
However, this might also conceglossible alternative realizations which are especially useful to
understand and model the impact of relatively rare evewith potentially severe consequencéd/oo

and Johnson 2023t is thereforeimportant to consider potential scenarios, realistic enougtptovide

a plausible story or tintegrate/enhancean already existing one. The integration rafar misses for
instance, can be regarded as a promising way to extend a stotgliveed a plausiblealternative future
which can be seen as a pragmatic way to address risk

Tobetter explore the connectiobetweenrelevant risks and the specific elements and functions of
urban and metropolitan systems, several risk storylines have been discussed in a workshop and are
provided in
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Appendix A¢ Risk StorylinesEach storyline focuses on a given urban context and on a specific
combination of hazards (possibly compounded) and cascaded impacts.

Each storyline is also described conceptually and visually through the use of impact(eltaindebisch
et al. 2022)An example is provided in the followifiggurel?.



Finanziato Ministero .
dall'Unione europea dell'Universita =0 ‘B Ttaliadomani
NextGenerationEU e della Ricerca - SRR R ienza

biologici e na-tech

Seismic
vulnerability

===

Tsunami

vulnerability

Plant located

too close to
coast

affacts

Road network dF‘hysmal
not redundant amagg to
roads/bridges

Traffic
disruption

Road network

Built-up area

inhabitants

Physical
damage of
buildings

alec

l Earthquake

Triggers

Tsunami

Damage to

2 eats to
regasifier

Leak/dispersion
of LNG

eacsto

Physical
damage to port
infrastructure

eads

Injuries & Loss

% Leads 1o
of human lives

Figurel7 Example of storyline

Long-term
health
conseauences

Interruption of

port trade

lacking MH
safety design

Insufficient
maintenance of
plant

Plant located
too close to
opulated area

Port
infrastructure

Industrial sites




Finanziato
dall’'Unione europea
NextGenerationEU

5 Ministero .
dell’Universita l Italiadomani
= ) e della Ricerca = B PIANC O NAZIONALE

DI RIPRESA E RESILIENZA

9. Ontologies

An ontology is a formal and explicit specification of a shared conceptualiZafitve result of ontology

driven conceptual modeling is an artifact of taxonomies (concepts organized hierarchically into
categories), relations (or associations between concepts), and axioms (rules, constraints) that represent
an ontological commitment to a particular domain.

9.1 Ontology Engineering
9.1.1Purpose and Intended Uses

1 The main purpose of the ontologies, taxonomiasd controlled vocabulanis to provide a
shared common understanding of what are fitliven urban systems among people, software,
and databases.

1 To contribute to the state of the art with a formal specification of what-dsken urban
systems are.

1 Prepare the basis to design inference frameworks in the context ofdrigkn urban systems
with the following goals: understanding, monitoring, assessment, prevention, prediction, and
mitigation.

Users,government authoritiesdecisionmakers, industryresearchers, and third sector

Stakeholders and expertscivil authorities, engineers, sociologists, geologists, physicists,
mathematiciansand statisticians.

9.1.2Requiements

A preliminary set of requirementsl§ble12 and Table 13) related to the improgress ontologies was
identified in this first sprintFunctional Requiremertefines a function to be available in the product
being built. On the other handonFunctional Requiremendefines criteria or capabilities for the
artifact. A preliminary identification of the main ontologies was conducted, followed by a search for
potentially reusable existing ontologiesablel4).

Tablel2 Functional Requisites

ID Description Depends on
RFO1 | The models should providecantrolled vocabulary of the domaihis vocabulary | RF03
might beavailableusingsome graphicaoftware

RF02 | Thebuilt taxonomiesshould be displayedsinggraphic software (e.g., mirojand
standards (e.g., SKOS)

RF03 | Theontologies builtshould beavailablein somegraphicalenvironment

12 Guarino, Nicola, Daniel Oberle, and Steffen Staab. "What is an ontology?". Handbook on ontologies (2009): 1-17.
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RF04 | An opensource repositoryor site should be designed tostore the technical| RFO1, RF02,
documentationmodels,andvocabularyincluding vpp files, ttl files, readme.txt RFO03
Table13 NonFunctional Requisites

ID Description Type

RNFO1 | The ontology must consider the UFO categories to ground on conceptd Consistency
relationships

RNFO2 | The ontological building process must follow the adapted approach S| Quality
(Systematic Approach for Building Ontologies)

RNFO03 | The IPCC definition of risk will be used as the definition of riskeiRiskdriven | Precondition
Ontology of Urban Systems

RNFO04 | For the eliciting phase, storylines must be used Precondition

RNFO5 | A bottomup approach must be used to build models from storylines Precondition

RNFO06 | The validatiorphase should beonductedusing storylines, Alloy, and data Quality

RNFO7 | The ontology to be built should considelf~QOS to specializeservicesin the | Consistency

context of urban systems

Tablel4 List of ontologies

Ontology Abbreviation Description
UFGA The domain ontologies are based on UFO. 48F@n ontology of
Unified UFOB endurants, UFEB, an ontology of perdurants, and W&) an ontology
Foundational of social reality. The ontological language used is OntoUML, whi
Ontology (UFO) UEQC built on UFO_th_eory. UFS is acoreontology for serviceswhich will be
usedfor specialized Soft Infrastructure
UFQS
Ontology of This ontology aims to_represgnt _pgpulation_s within the co_ntext of
Population OntoPop urban system. To achieve objectivity, subkinds of populations suc
human and norhuman populations need to be identified.
This ontologyrepresentsthe infrastructure of an urban system. In thi
Ontology of ont_ology is relevant to explic?t_ concrete eIe_ments and th_e network
Infrastructure Ontolnfra which they are presentin addition, the soft infrastructure ithe set of
public and private services available in an urban system for
population.
Ontology of o This model represents the mineral, néiming portion of the Earth that
Geosphere ntoGeo supports all living organisms. It comprises the atmosph
hydrosphere, and peripheral lithosphere within which an urban sys
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is situated.
Ontology of Urban In this ontology, urban systems aredignedas deliberately developec
Systems OntoUrbanSys social systems with institutional structures, processes, and functions
Ontology ofRisk Risk is presented in the context of urban systems through
driven Urban OntoRisk interrelated concepts of vulnerability, exposure, and hazard, emplo
Systems theories of relational risk, uncertainty, and probability.

By analyzingthe project's expected results, the first expected resuft § SG G SNJ dzy RSNR G| v
environmental, natural, and anthropic risks, as well as their interrelation with the effects of climate
OK I y)FsSabrélated to the building of a domain ontology for urban systems oriented to risk.

Initially, five ontologies were identifiedrom the initial conceptual modelas depicted in Figure 18.
Then, theywere connected in a modular vie{Figurel9).

1. Ontology of population (humans and ndrumans)

2. Ontology of infrastructure (hard infrastructure and soft infrastructure)
3. Ontology of geosphere
4. Ontology ofRiskdriven Urban System{@nvironment risks, natural risks, anthropic risks)
5. Ontology of urban systems and subsystems
Ontology of Population | _ _interacts _ _ _ | Eipeidshem ) uses S| UFGS: Ontology of
Services
i f
|
: interacts
| |
| interacts _| _ _ Jl _|
—————— > Ontology of Risk-driven [€& R Ontology of Geosphere
Urban Systems € ——————
| ! M
L _swweo |
|
: grounds_on
|
|
|
Unified Foundational
Ontology (UFO) Powarad By Visual Paradigm Community Edition &

Figurel8 Overview of ontologie@ntology Modularization)
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9.1.3Scenarios

Four fundamental riskriented urban system scenarios have been identifi@¢) Hazard and Risks
scenario; 2) scenario of occurrence of natural events; 3) predictive scenario of natural events; 4) impact
mitigation scenario; and 5) liability scenario.

Scenariof Hazards and Risks

This scenario considers the elements of an urban system that may be affected by natural events. The
affected elements are considered abjects at riskfor which values andjoals can be identified.
Therefore, the Prevention Scenario can be analyzed from both a risk and hazard perspective. For
example, a seismic zone is a hazard zone, but a person who builds a house in this area exposes himself
to risk.

There is a correlation between the hazard of certain natural events and the exposure of the objects at
risk (people or things) and their vulnerability. Risk is given not only by the probability of the event
occurring, but also by the measure of uncertainty arising from the randomness of outcomes that cannot
be expressed in terms of specific probabilities.

In a preventive risk scenario, it is necessary to identify the relationships between the object at risk and
the risky object (called the driver), between the hazard and the exposure, between the hazard and the
vulnerability, as well as the types of impacts (damages and losses) if the hazardous event occurs.

Scenario of Occurrence of Natural Events

In this scenario, the aim is to represent the concepts, relationships, and properties extracted from real
cases of natural events that occurred. The storyline technique describes a relevant sample of
earthquakes, landslids, floods, etc. The result is a model that will be contrasted with a second model
built from the other scenarios so that an ontological model that is as complete and consistent as
possible is foundThe resulting model will serve to build a repository of data about events that have
already occurred.

Predictive Scenario

This scenario identifies the elements that can be deduced or inferred from the Prevention and
Occurrence Scenarios. The objective is to verify which systems, subsystems, and elements of these may
suffer some impact if one or more events occur (isolated or concatenated). For example, in the case of
an earthquake hazard, the chain of negative social and economic consequences or the prediction of
deaths among the population in a seismic zone can be deduced.

In addition, the indication of areas with a higher level of vulnerability or exposure to a natural event. For
example, areas built without arsieismic technologies or with a higher historical value of buildings.

Impact Mitigation Scenario

In this scenario, the relevance falls on the actions that can be ta&&re andafter natural events. For
example,in the case of earthquakesnitigation measures are the enforcement of seismic codes,-land
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use zoningidentifying hazardshat have notbeenidentified before building safer structures, providing
education on earthquake safetgtabilizinghitherto unstable groundand so on.

Scenariaf Liability

In this scenario, it is important to identify the agents responsible for preventing, mitigating, and
executing protocols during natural events.

9.1.4Competency Questions

A preliminary set of competency questions (CQs) was identified from the set of functional requisites
(Tablels).

Tablel5 List of preliminary competency questions

ID Competency Questions Ontology

CQ1 What are the main subsystems of the urban system? What does it ne Urban Systems and

to represent? What is contingent? Subsystems
CQ2 Whichcomponents/subsystemniaclude nonrartificial components? Urban Systems and
Subsystems
CQ3 How many kinds of residentialildingsare there that have a green Infrastructure
infrastructure?
CQ4 What are the components of the soft infrastructure? Infrastructure
CQ5 What kind of agents are involved in an urban system? Population and Agents
CQ6  Which roles are played by these agents identified? Population and Agents
CQ7 What are the relevant properties of these roles? Population and Agents

CQ8 What are the relevant phases of an agent or a population in the ui Population and Agents
context?

CQ9 What are the scenarios in which an urban system infrastructure is pre Infrastructure Risks
when considering the risks, exposure, vulnerabilities, impacts,
hazards of natural events?

CQ10 What kinds of relationships does an agent or population maintain ' Population and Agents

the infrastructure of an urban system? and Infrastructure
CQ11 What kind of hazards to natural events ekisin urban system? Risks
CQ12 What kind of risks to natural events exist for an urban system? Risks

CQ13 What kind of vulnerabilities and exposures does an urban system bet Risks
the face of natural events?

CQ14 What are the main components of gray infrastructure? Infrastructure

co1s Whatis the relationship between the railway network and the soft
infrastructure?Or in general, network infrastructure and soft
infrastructure?

Infrastructure



CQ16

CQ17

CQ18

CQ19

CQ20

CQ21

CcQ22
CQ23
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What subsystems are considered in the hard infrastructure?

Is there a relationship between the greklue infrastructure and the nen
human population?

Which living beings are considered in the urban system?

What systems and subsystenependon the communication
infrastructure?

What materials flow through the road network?

2 K|
on?

What subsystem has the most dependencies? And the least?
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What subsystem related to population is dependent on water?
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9.3 Ontology of Systems

An Urban System(Figure19) is akind of humanmade systemcomposed ofone or moresystems A
system in turn, isessentiallycomposed obne or moreelements An elementis an essential part obne

or more systemsin terms d ontological naturea system is categorized Asmade by humangartificial
systems)and 2) a natural system which isa set of elements that arise naturally, without human
construction.Both types of systems are coupled, that is, human systems interact with natural systems
and vice versi multi-levelsand aspects

There are severakinds of humanmade systemge.g., urban systems economic systems judicial
system$ and natural systemsAn urban systenis a humanmade systenplaced in aspecificspaceand
exists at a specifictime. It is composedof essential parts which are Resourceand Population A
Resourceés an essential part of one or morarban systems for instancea river can be a resourcéor
different countries,and different cities The resourcds subcategorizedas Urban Infrastructureand
Agent as a Resource.

Urban systemaising Institutional Agents(public and private agentg)rovide infrastructure services,
such ashealthservicesandeducationalservicesto asort of population

Another essential part of an urban systenPigpulation It is composed bAgents, Natural Agestand
Artificial AgentsAgentscan playa resource rolén an urban context(e.g.,agents agesidents, agents as
tourists, epidemic agers, infectious agerd, etc.). A constraint is set in terms of population. A
populationis an essential part of only one urban system.

9.4 CoreOntology ofServicegUFQS)

UFQSis a core ontology thaspecializesn conceptsfrom Unified Foundational Ontology (UFGY
providing aserviceconceptualization independent of a particular application dom@&ardi et al. 2013)
UFQS ontology will be reused tepecializein Soft Infrastructure(Figure19). The benefit of reusing
existing ontologies is, among othttings the achievemenbf ontological consistencyl hus, it will not
be necessary to redefine the ternservice providerservice consumeror service,among others.In
Figurel9, Urban SystenusesSoft Infrastructurgi.e., transportation services, mobility servicesater
distribution services, energy servicéslecommunication servicetiealth serviceseducational services,
governmentakervicesjudicial services, etc.)
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9.5 Ontology of Population

The literature presents some proposals for population ontologies. Many of these ontologies were built
based on theories from the biological sciences, for instance, the Population and Community Ontology
(PCQ*", which is an ontologgf groups of interacting organisms, such as populations and communities.

It is grounded in Basic Formal Ontology (Bf@yd designed to be compatible with other Open
Biological and Biomedical Ontologies (OBO3uch as Gene Ontology (GO), Phenatyged Trait
Ontology (PATO).

In the context of this project, Ropulationis a collection oAgentsof the same taxonomic class, counted

or sampled at a given location or area. A population is categorizetk@aslective>> , l.e.,is a

construct that represents rigid concepts and provides an identity principle for its instances under the
UFODnNntoUMLrules. The meaning gfopulationis not the same definition assumed in the OBO libtary

because we have included in theodel the definition ofArtificial Agent Figure20 shows theontology

oftheLI2 Lddzf  GA2y FNBY GKS w9¢! wb LINRP2SOGQa LISNELISOGAEC

A population (Figure 20) is categorizedinto 1) Human BeingPopulation, 2) NonHuman Being
Population and 3) Artificial PopulationHuman Being Population is categorized B4) Resident
Population and 1.2) NeResident Population. On the other handpn-Human Being Population is
categorized as2.1) Pet Population, 2.2) Wild Animal Population, 2.3) Plant Population M&#ije
Genetic Element Population (MGE)5) Fungus Populatiomnd2.6) Bacteria Population.

Figure21 showsa partialrepresentation of types oluman Being Populatiofduman Being Population

is asubkindof a collective of human beings, who are residents or not in a city. In ®Resjdent
Populationis a collection of people who are residents of a cRgsident Persois categorized as a
<<role>> becausebeing a residenis an accidental property @ Human Being.e., a kind can have its
property ofbeing a residenthanged without losing its identity as a human being (essential property).
Roles are played in the context of relationships. In this case, this role is played in a legal relationship
(there will be rights, duties, permissions, prohibitions, liberties, powers, and subjections assigned to a
resident person)In addition,Figure21 presents the categories gkgents 1) Artificial Agents;and 2)
Natural Agens. Natural Agentis subcategorized aBerson,Pet, Wild Animal, Plant, Mobile Genetic
Element (MGE), Fungus, and Bacteti&ersorplays different rolefkesidential Person, Ndresidential
Personor Tourist.Also,he/she passeshrough distinct phases of lifeChild, Teenageand Adult. Also,
Personphasesare classified aalive and deceasedAdditionally,there is a set of artificial agents/hich
encompsses institutional agents (social ageng)tonomous systems, and so on.

The ontology othe population was verified using Visual Paradigm softwa@ntoUMLPluginand it is

free of syntactic errors. A file in Turtle was generated and exported byédg¥&dEditor to generate the
operational ontology. The models still need to be validated, which can be done through storylines and
the application of Alloy.

13 Available ahttps://bioportal.bioontology.org/ontologies/PCO
14 Available ahttps://basic-formal-ontology.org/
15 Available ahttps://obofoundry.org/
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Figure20 Ontology of Populaties in an urban context
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9.6 Ontology ofUrbaninfrastructure

Modeling infrastructure has beeproposedin severalworks n the literature someworks focusing on

the perspectiveof infrastructure as roads, pipesand grounds, and someworks focusing onthe
perspective ofinfrastructureasa service, such asommunication, waterand energy For instancethe
Assessinghe Underworld Ontology (ATUPu et al. 2023)s a toplevel ontology that inherits some
generic concepts frofSWEET ontolodfy(DiGiuseppe, Pouchard, and Noy 20ktbstance, property,
process, human activity, phenomena, and representatidaditionally, itintroduces the concept of
Methodto classifymethods, toolsand techniques used in human activitidslU is developed in OWL 2
and proposes a model of infrastructyrevhich is defined ag i ®a&ic physical and organizational
structures and facilities that a country, a city or an organization needs and uses in order to work
effectivelyé. The city infrastructure model proposed ATU is based on properties and processes of a
group offive sub-models Environment, GroundRoad, Buried Asset, and Human Activifjje concept

of Substance is specializedivrastructure Asset, which, in turn, is specialized in Road, U#lity, pipe,
cable) and Grounde.g., rock, soil)For each sumodel, an ontologyis built with axioms,properties,
and relationships. Also, theres an approach to analying the interdependence between ontologies
Tablel6 shows theATU sukontologiesaccording tahe number of classes and axioms.

Tablel6 ATU Ontology Classes and Axi@atDu et al. 2023)

Classes Axioms
Ground Ontology 110 3,337
Road Ontology 110 4,545
Water Pipe Ontology 66 894
Human Activity Ontology 55 140
Method Ontology 78 269
Investigation Ontology 45 183
Phenomena Ontology 178 382
ATU Ontology 620 10,117

On the other handthere are in theliterature infrastructure ontologies modeledrom the service
perspective, i.e.energyontologies transport ontologieswater ontologies For instance, in the context

16 The Semantic Web for Earth and Environmental Termino{S§/EETs a mature foundational ontologwith over 6000

concepts organized in 200 ontologies represented in OWdp:level concepts include Representation (math, space, science,

time, data), Realm (Ocean, Land Surface, Terrestsidiosphere Atmosphere, etc.), Phenomena (ma&wale ecological and

physical), Processes (miesoale physical, biological, chemical, and mathematical), Human Activities (Decision, Commerce,
Jurisdiction, Environmental, Research). Originally developed by NASA Jet Propulsion Labs under Rob Raskin, SWEET is now
officially under the governance of the ESIP foundatirailable athttps://terminologies.gfbio.org/terminology/SWEET



https://terminologies.gfbio.org/terminology/SWEET

Finanziato
dall’'Unione europea
NextGenerationEU

. Ministero .
| dell’Universita l Italiadomani
e ) e della Ricerca = BN PIANG O NAZIONALE

DI RIPRESA E RESILIENZA

of SEMANCO projéét an urban energpntology was designeth OWL 2o support decisionmaking
process about how to reduce CO2 emissions in cifi@em the eliciting phase, it was used the
techniques of use casés which actors, data, and services are represented for different scendiiis.
ontology is composed of terms and attributes that describe regions, citiegghborhoods,and
buildings; energy consumption and CO2 emission indicators, as well as climate anccmoomic
factors that influence energy consumptionhis ontology has a higher potential for reusability since it
usesexisting energy information standarder its terms and propertiessuch as ISO/IEC CD 13273
Energy efficiency regulation and renewable energy soul&€3;1927-1, for Hygrothermal performance
of buildings. Calculation and presentation of climatic dat8Q/DTR 16344 Common terms, the
definitions and symbols for the overall energy performance rating and certification of build®@s;
13790(new 5216-1-2017) just to cite a few of standards.

Continuing from the Infrastructure as service perspectivein particularwater ontologies,there are
some ontological models designed driven to sjgkg.,the Flood Disaster Support Ontology (FOS@p
ontological data model to support urban flood disaster responge this ontology,the terms
NaturaDisaster,WaterSpace, RiskManagemeaimong others are defined with their properties. The
ontology isdesigned using OWDn the other hand, there are some ontologies designati the scope
to assistthe automatizeddecisionmaking process bidentifying and mitigating failures in the water
distribution network (Lin, Sedigh, and Hurson 201®) for river water quality monitoring and data
observation processingXiaolei Wang et al. 2020)

The ontological mode(Figure 22) proposed in this first sprint considered thierm Infrastructure
categorized into two major branches: thtard Infrastructurdoranch and theSoft Infrastructurdranch.

Hard infrastructure isa physical infrastructure and includes buildings, bridges, roadd,public open
spaces, as well as the netwotkformed by these elementse(g., transportation networksare
composed ofrailroads, highways, etc.; energy distribution networks include cables, thermoelectric
plants, etc; water distribution networks include pipes, ducts, reservoirs, etc.; sewage networks include
pipes, ducts, sewage treatment centers, etc.; recycling networks include recycling plants, recyclable
waste depots, recyclable waste drums, etelecommunication networks are composedagtical fiber
cablessignal towers, etg.

In turn, Soft Infrastructures related to the organizational, institutional, or service naturaefers to

public and private systemthat provide certainutilities within the city such as local government,
healthcare servicesor educational servicedn the ontological model proposed here, a difference is
made between the (physical) distribution networks of basic infrastructure (water, sewage, energy,

17 TheSemantic Tools for Carbon Reduction in Urban PlanGBEMANCYEnergy Model is a formal ontologyspecified using

Web Ontology Language 2 (OWL¢Xomprising concepts captured from diverse sourreduding standards, use cases and
activity descriptions and data sources related to the domains of urban planning and energy managéwelatble at:
http://semanco-project.eu/ontology.htm

18 Available atttps://www.isibang.ac.in/ns/fdso/index.html

19 The network qualification (urban network) was done to avoid semantic confusion with other types of networks, for example,
the computer network of a company.
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waste, telecommunicationstransportation, mobility and the services provided by public or private
companiesdy means of the hardnfrastructure.

Hard Infrastructurds categorized a&rey Infrastructure, Green Infrastructuamd Blue Infrastructure.
Grey Infrastructure refers tchumanengineered infrastructurewithout a green aspectvisual or
functional). On the other hand, Green Infrastructuefers to green open spacas the urban context
(urban forest, urban gardens, etc.) witdm ecologicalvisual or functional aspecand structuresthat
integrate green and grey infrastructuse(green roo$, green walls, perforated pipes, permeable
pavement etc.) The categoryGreenGrey Infrastructurementioned in(Wesener and McWilliam 2021)
as an integrationof green and grey infrastructures with the gaoafl improving grey infrastructure
through the incorporation of green in some parts of the grey infrastructumas represented by a
relationship between Grey Infrastructure and Green Infrastructéweother possibilityis to represent a
categoryGreenGrey Infrastructure to include the integration of green and grey systems.

Regarding thesubcategorieof Green Infrastructureit was based onsome categorie®f typology of

green infrastructure proposed by European Consni®® Building GreenlUrban Agricultural Land,
Urban Green AreaThe categoryBlue Infrastructurehas been defined as aubcategory of Hard

Infragructure rather than a subcategory déreeninfrastructure Similar toGreen InfrastructureBlue

Infrastructureintegrates blue areas and grey infrastructure, such as lakes and coastal areas.

RegardingGrey Infrastructure a level for "built things" has been added callddban Structuré or
Urban Elementwhich includesuildings bridges, roads, paths, etc.; and Urban Network, which is the
set of heterogeneous structurearrangedaccording to their application in an urban system, .ea.
transportation network. Transportation Network is a conglomerate of roads, streets, paths, railways,
bridges, etc. used fdhe mobility or transportation of goods and people.

Sincethere are several types of buildings, a category caBeely Buildingvas definedo thoseones built

with a traditionalstructure withwallsand a roof standing more or less permanently in one place. For
example, a house or factorBuildingsserve several societal needsprimarily as shelter, living space,
privacy & security, to store materials, workspace, etc. In this model, grey building is classified by its
functionality/occupancy (the use of a structure: for housing, for educational, etc.) based on Table 6 of
GEM Building Taxonomy combined with the building taxonomy proposed in NBCR200termore

Grey Buildings classified by its structure based on GEM Building Taxonomy, following 13 attributes have
been included in the GEM Building Taxonomy Version 2.0 (v2.0): 1. direction 2. material of the lateral
loadresisting system 3. lateral loadsisting system 4. height 5. date of construction or retrofit 6.
occupancy 7. building position within block 8. shape of the building plan 9. structural irregularity 10.
exterior walls 11. roof 12. floor 13. foundation system.

20 Available aEuropean Commission https://biodiversity.europa.eu/gréafrastructure/typologyof-gi

21 The term "structure'was usedo refer to anythinghumanmade of interconnected parts with a fixed location on the ground.
This includes buildings, but also any element designed to support loads, with different functions, for example, roads=etnd str
are hard, flat surfaces on the ground for vehicles, people, or animals to travel on; bridges are structures that canwag path
roadway over a depression or obstacle.
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Figure22 Ontology of Infrastructure
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9.7 Ontology of RiskrientedUrban Systems

Risk has been studidgd a variety of fieds formore than fiftyyears contributingto the appearance of
different definitions of riskln the Sixth Assessment Report of the Intergovernmental Panel on Climate
Changé, riskis defined as:

GThe potential for adverse consequences for human or ecological systemgnizing

the diversity of values and objectives associated with such systems. In the context of
climate change, risks can arise from potential impacts of climate change as well as
human responses to climate change. Relevant adverse consequences include those on
lives, livelihoods, health and wéking, economic, social and cultural assets and
investments, infrastructure, services (including ecosystem services), ecosystems and
species. In the context of climate change impacts, risks result from dynamic
interactions between climateelated hazards with the exposure and vulnerability of

the affected human or ecological system to the hazards. Hazards, exposure and
vulnerability may each be subject to uncertainty in terms of magnitude and likelihood

of occurrence, and each may change over time and space due teesociomic
changes and human decisiomaking. In the context of climate change responses, risks
result from the potential for such responses not achieving the intended objective(s), or
from potential tradeoffs with, or negative sideffects on, other societal objectives,

such as the Sustainable Development Goals (SDGSs). Risks can arise for example from
uncertainty in the implementation, effectiveness or outcomes of climate policy,
climaterelated investments, technology development or adoption, and system
transitions. See also Hazard and Impakcts.

From this definitionthe followingtermswere extracted to categorize riskor each of them, a meaning
was negotiategdconsidering the vocabulary used by specialists in the.field

Terms

Adverse consequences (or negative consequences), Human and ecological systems, Values, QObjectives,
goals, Impacts, Human responses, Hazards, Exposure, Vulnerability, Dynamic interactions, Ungertainty,

Magnitude of occurrence, Likelihood of occurrence, Time, Space;eSoo@mic changes, Human
decisioamaking, Deviation from the intended objective(s), Potential traffie Sidesffects, Societa|
objectives (e.g., Sustainable Development Goals)

In the case of urban systems, risks are assessed based on two different types of phenomena: 1) natural
phenomena; and 2) mamade phenomena. Natural phenomena are events that do not have a human
cause; examples include earthquakes, tsunamis, and solar storms. Conversely, human phenomena are
events caused by human action. For example, pollutiobanization, extensive monoculture, and
deforestation.

22REISINGER, Andy, et al. The concept of risk in the IPCC Sixth Assessment Report: A summary of cross-working
group discussions. Intergovernmental Panel on Climate Change, 2020, 15.
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According to the definitions reviewed, rigk a measurement made by a rahalyst,consideringthe
relationship between the object at risk (e.¢pyman,and ecological systems), the threat to the object
(i.e., the hazard), the level of exposure to that hazard, and the vulnerability of the object at risk.

A value is assigned to an object, then there is a risk evaluation that this object is expodgu to.
measure of risk depends as well on the degree of uncertainty about the hazard to the object. This
uncertainty can be measured in terms of uncertaityyes about the hazardnformation, pointing out

1) Conflicting evidencedifferent results even when using the same model and data(tbet set of
threats is not fully known); 2)ack ofinformation, e.g., due to incomplete data (lack of adequate
explicitation of the phenomena)3) Abundance of information (complexityhhe modelis reductionist,
generaliing the set of phenomenaand 4) vagueinformation @mbiguity, when the language used to
describe the phenomenon is vague, imprecise, for exantpéeambiguity of certain concept&.g., risk
definition) and relationships in the domain.

Furthermore, when assessing risk, the decigimaker considers thgoalsset for theobject at risk For
instance, a water reservoir serving a city in the desert aims to prevent dehydration of the population.
Hence, the decisiomaker responsible for that city will assign more valughis reservoir than to a
water reservoir in an uninhabited desert aredherefore, risk is influenced by individual perceptions
and objectspecific objectivesit depends on how the object at risk is perceived by a specific group of
people who have th@owerto assess itgonsideringhe intended purposes or roles of the objet.this
sense, the definition of risresented here igroundedin Hillgartner'sframework andin the relational
theory of risk proposethy Boholmand Heré?.

[Risk object] <« (Relationship of risk) — [Object at risk]

Figure23 Relational Theory of Risk framewobhk(Bohdm & Corvellec)

From a decision maker's perspectivhjectsat riskinclude 1) resources used by a human ratural
system (infrastructure, water, air, etc.); 2) the population (human and-tmeman); and 3) the
geosphere.

Regarding the modedf risks the approach used was bottomp, from storylines, texts, and schemas
produced by experts to understand real cases. The storylines in Appandire used to design the
modelshown inFigure24. In this model there aresome relations without names or cardinalitidge to

the lack of data from the storylines. One solution would be after designing the models to interview or
send questionnaires for experts to answer. The questions/answers would serve to fill in the gaps in the
models made from the storylines.

The second modaidriented to risks in the urban contextas designed by observing the construction of
a storyline(Figure25). Workshops were held during the project assembly in Naplils the purposeof

23 Zimmermann H-J. An applicatiomriented view of modeling uncertainturopean Journal of operational researé®00,
122.2: 190198.

24 Rsa Boholm & Hervé Corvell@d11)A relational theory of risklournal of Risk Researdd:2,175
190,D0I:10.1080/13669877.2010.515313
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building storylines with experts on natural eventsin the observed group, two phenomena were
analyed: seismic phenomena and landslidegcurred in an urban system.Urban systemwas
categorized as &azardouszone as well ashilly area and alluvialplans Some urban systems are
situated in hazardous zones for natural events, resulting in exposure to both natural and “mozoken
phenomena.

The driver is a factor that endangers an object of value. Risking it leads to a hazardous situation that may
result in unfavorable outcomes due to different vulnerabilities and exposures. For instance, flooding
poses a hazard, and urban areas constructed near riverbeds become vulnerable and expose themselves
to the risk of flooding.

In this sense, there is a relationship between an urban system, which in the context of risk is called an
"object at risk", and what becomes Hlazardfor that urban system. Since situation can only be
classified as dangerous if the elementsvafueof the object at risk, the object at risk, thellnerability

and theexposureof that object exist at the same time, trsituation can only be classified dmzardous

if - a priori - the object has been valued. There is therefore a relationship of historical dependence
between the value assigned to the object at risk and the hazard assigned to an event.

When aHazardous Situatiomccurs results in @natural) disasterThisresults in a serigof impacts
material andimmaterial. Impacts are categorizedas Damageand Loss.Loss refers to irreversible
impacts, such as loss of land due to sea level rise or loss of freshwater resources due to desertification.
Damage refers to repairable impact, such as impacts on coastlines or infrastructure related to climate
change One impact can trigger other impacts that will affect the urban center at risk.

For a hazardous situation (e.fooding)led by a driver (e.ga high volume of rainfall in the same period
and space), the exposure to the risk of the urban center ,(¢hg. existence of stilt houses near a
riverbank) and at least one vulnerability (e gfilt houses resulting from the low income of a portion of
the urban center's population) must be present in the same sqii;e. Population and infrastructure
are used to value the urban center at risk.

Thus,one possibility for preventing natural disasters is the application of the ontbgiodels based

on the Swiss cheese thedty In this context, it is necessary to analyze the place of danger (its
vulnerabilities and exposure to risk), the danger situation and its characteristics, as well as the mitigation
of impacts on the elements that make up the urban system (population, resources, etc.).

The models depicted iRigure24 and Figure25 provide an initial understanding of the riskiented

urban systems model. However, it is essential to delineate all the roles of the objects, define their
relationships, categorize them, establish the significance of the relationships detected in the storylines,
and verify the models.

25 1n the book Human Errodames Reasaglaborateson thetheory of Swiss Cheede arguethat accidents do not result from
one or more independent events. Instead, accidents occur due to several interconnected faatarsiminate in failure
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9.8 Techntal Specificationsl®. Sprint
1. Ontology of Systems

This ontologyepresents a system as a composition (or integrated set) of regularly interrelated and interdependent
components created to achieve a defined objectie urban system specializ8gstemand it is composed dfvo
essential parts: population and infrastructure.

| 1
| Ontology of Systems system I
| . |
| 1. |
I <<mixins> | 1+7  <<componentOf>> S I
essential I
: 1 System O sential 1.+ | Element System |
: gs_system ZF’ {disjoint, incomplete} A A :
| | :
I <<mixin>> <<mixin>> |
: Human-Made System Natural System |
| |
. {— !
| . |
I 1. |
| 1 <<mixin=>> 1“: T ) :
: Urban System 1 has I
- essential 1 .l |

| 1.* essential =
| 1 <<mixin>> <} L, gs_resources :
: is composed of FEsarpas “ |
| |
\ |

&l 1.1 Element System

According to standartSO/IEC 15288:20,1&system elemerit a discrete part of a system. A system element can be
hardware, software, data, humans, processes, procedures (e.g., operator instructions), facilities, materials, and
naturally occurring entities (e.g., water, organisms, minerals), or any combinatio

2.1.1. Stereotype<<mixin>>

2.1.2. Relationships

Relationship Generalization Specialization
< specializes ﬁ Element System ﬂ Resource
@— is_composedof E System &l Element System

&l 1.2 Natural System
Asystem not designed by human beings

2.1.1. Stereotype<<mixin>>
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Specialization

E NaturalSystem

&l 1.3 HumanMade System
A system designed lyiman beings.
2.1.1. Stereotype<<dmixin>>

2.1.2. Relationships

Relationship
< specializes

< specializes

@— is_composed_of

Generalization
ﬁ HumanrMade System
ﬁ System

E System

Specialization
E Urban System
E HumanMade System

E Element System

ﬁ 1.4 Resource

It iseverything that is used to satisfy the human needs.

2.1.1. Stereotype<<mixin>>

2.1.2. Relationships

Relationship
< specializes
< specializes

< specializes

@— is_composed_of

Generalization
ﬁ ElementSystem
ﬁ Resource
E Resource

E UrbanSystem

Specialization
ﬁ Resource
E Agent as Resource
E Urban Infrastructure

E Resource

E 15 System

Asystem is an organized collection of parts (or subsystems) that are highly integrated to accomplish an overall goal.
The system haseveralinputs, which go through certain processes to produce outputs, which together, accomplish

the overall desired goal for the system.
2.1.1. Stereotype<<mixin>>

2.1.2. Relationships
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Relationship Generalization Specialization
<I— specializes ﬁ System ﬁ HumanMade System
< specializes ﬁ System ﬁ NaturalSystem
@— is_composed_of & system =l Element System
®— is_composed_of = System E System

&l 1.6 Urban System

A specialization of Humaklade System, i.e., a specie of system designed by human bénbgs system is a
comprehensive collection of cities which are interdependent through economic fluctuations, diffusion and exchange
of information, and flow of goods, capijtahd peoplgPred 1973)

2.1.1. Stereotype<<mixin>>

2.1.2. Relationships

Relationship Generalization Specialization

< specializes ﬁ HumanrMade System ﬁ UrbanSystem

< specializes ﬁ System ﬁ Natural System
—is_placed_in ﬁ Urban System ﬁ Geosphere

— provides ﬁ Urban System ﬁ Soft Infrastructure
— is_used_by = Soft Infrastructure = Urban System
— impacts ﬁ Driver ﬁ Urban System
@— is_composed_of =l Urban System =l Resource

®— is_composed_of &l Urban System &l Population
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! gs_infrastructure
I |
<<category>> <<category>>
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Infrastructure Infrastructure
£\ gs_hard_infrastructure
I
«m:;’;.‘;y’) 1.0 <<extemalDependence>> «‘:‘W’ <<extemaDependence>> <<category>>
> B_bul_with . Blue
Infrastructure B_buk_with Infrastructure_|1.* U
[

Infrastructure
I ]

<<category>>
Urban Agricultural Land

gs_grey_infrastructure

<<category>>
<<omogonse S<ondgarp> Building Green
Urban Element Urban Network

<<category>>
Urban Green Area

L) gs_simple_infrastructure £ gs_network_Infra I gs_buiding green I 9s_natural_urban_green_area
L . <<Kind>>
<<kind>> <<kind>> <<kind>> <<kind>> <<category>> <<category>> <<category>> <<kind>> Permesble <<kind>> <<kind>> <<kind>> <<kind>>
Bridge || Groy Building Rail Road Transportation || Water Supply || Telecommunication | | Green Roof Paviment Perforated Pipe Park Urban Forest || Urban Garden
Network Network Notwork
<<kind>> <<subkind>>
Stroet Groen Vertical | | pin Barrel Zoological
e Park
gs_grey_buikding
I I I 1
Residential Health Business Industrial Hazardous
Bullding Bullding Building Bullding Building
<<subkind>>
4 St je Bulld
Buliding Bullding Building o ing @

Eo1 Assembly Building

Ths type ofbuildings may include any building where a group of people gathers for recreation, amusement, social,
religious, or purposes such d#seaters, assembly halls, exhibition halls, restaurants, museums, club rooms,
auditoria, etc.

2.1.1.Stereotype<<subkind>>

2.12. Relationships

Relationship Generalization Specialization
< specializes i Grey Building . Assembly Building

i 2.2. Blue Infrastructure

Bluelnfrastructure integrates blue areas, such as lakes, aquifers, wetlands, floodplains, canals, and coastal areas, to
the urban context.

2.2.1.Stereotype<<category>>

2.22. Relationships

Relationship Generalization Specialization

—is_built_with i Blue Infrastructure . Green Infrastructure

< specializes i Hard Infrastructure i Blue Infrastructure
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=l 2.3. Bridge
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2.3.1.Stereotype<<kind>>

2.32. Relationships

Relationship Generalization Specialization
< specializes Urban Element ﬁ Bridge

2.4. Building Green

Building Green or Greebonstruction encompasses a set of practices and principles that aim to make the design
and utilization of the built environment as environmentally friendly as possible. These practices minimize the
negative impact on the natural environment.

2.4.1.Stereotype<<category>>

2.42. Relationships

Relationship Generalization Specialization

< specializes Building Green Perforated Pipe

< specializes Building Green PermeabléPavement
<I— specializes Building Green Green Vertical Structure
< specializes Building Green Green Roof

<I— specializes = Building Green B Rain Barrel

< specializes Green Infrastructure Building Green

&l 2.5. Business Building

It is any building type or part of a building that is used for business transactions, keeping records of accounts, town
halls, city halls, courthouses, etc.

2.5.1.Stereotype<<subkind>>

2.52. Relationships

Relationship Generalization Specialization

< specializes Grey Building ﬁ Business Building
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& 2.6. Educational Building

P ONALE
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These buildings include any building used for school, colledayocare purposes involving assembly for instruction,
education, or recreation.

2.6.1.Stereotype<<subkind>>

2.62. Relationships

Relationship Generalization Specialization
< specializes ﬁ Grey Building ﬁ Educational Building

ﬁ 2.7. Green Infrastructure

It is a fusion of natural resources and rmaade structures (grey infrastructure) designed to work with the nature to
provide social, environmental, and economic benefits to unbapulations, such as air filtration, temperature
regulation, noise reduction, flood control, and recreational areas.

2.7.1.Stereotype<<category>>

2.72. Relationships

Relationship Generalization Specialization
—is_built_with ﬁ Green Infrastructure ﬁ Grey Infrastructure

— is_built_with ﬁ Blue Infrastructure ﬁ Green Infrastructure

< specializes ﬁ Green Infrastructure ﬁ Building Green

< specializes ﬁ Green Infrastructure ﬁ Urban Green Area

<I— specializes ﬁ Green Infrastructure ﬁ Urban Agricultural Land
< specializes ﬁ Hard Infrastructure ﬁ Green Infrastructure

= 2.8. Green Roof
2.8.1.Stereotype<<kind>>

2.82. Relationships

Relationship Generalization Specialization
<I— specializes ﬁ Building Green ﬁ Green Roof

ﬁ 2.9. Green Vertical Structure

2.9.1.Stereotype<<kind>>
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2.92. Relationships

Relationship Generalization Specialization
< specializes i Building Green i Green Vertical Structure

= 2.10. Grey Building

A Grey Building is one built with a traditiosticture withwallsand a roof standingermanentlyin one place. For
example a house or factoryBuildingsserve several societal neeqrimarily as shelter, living space, privacy &
security, to store materials, workspace, etc. In this model, grey buili@glassified by its functionality/occupancy

(the use of a structure: for housing, for educational, etc.) based on Table 6 of GEM Building Taxonomy combined
with the building taxonomy proposed in NBC 2005.

In additional, Grey Building is classified by its structure based on GEM Building Taxonomy, following 13 attributes
have been included in the GEM Building Taxonomy Version 2.0 (v2.0): 1. direction 2. material of the lateral load
resisting system 3. lateral loaésisting system 4. height 5. date of construction or retrofit 6. occupancy 7. building
position within a block 8. shape of the building plan 9. structural irregularity 10. exterior walls 11. roof 12. floor 13.
foundation system.

Source:

https://cloud-storage.globalguakemodel.org/public/wixew-website/pdfcollections
wix/publications/GEM%20Building%20Taxonomy%20Version%202.0.pdf

https://dailycivil.com/typesof-buildings/
2.10.1.Stereotype<<kind>>

2.102. Relationships

Relationship Generalization Specialization

< specializes i Grey Building i Industrial Building
< specializes B Grey Building B Residential Building
< specializes i Grey Building i Educational Building
< specializes B Grey Building B Health Building

< specializes i Grey Building i Assembly Building
< specializes E Grey Building B Business Building
< specializes i Grey Building i Mercantile Building
< specializes = Grey Building E Storage Building

< specializes i Grey Building i Hazardous Building

<+ specializes i Urban Element i Grey Building



https://dailycivil.com/various-types-walls/
https://cloud-storage.globalquakemodel.org/public/wix-new-website/pdf-collections-wix/publications/GEM%20Building%20Taxonomy%20Version%202.0.pdf
https://cloud-storage.globalquakemodel.org/public/wix-new-website/pdf-collections-wix/publications/GEM%20Building%20Taxonomy%20Version%202.0.pdf
https://dailycivil.com/types-of-buildings/
https://dailycivil.com/types-of-buildings/
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B 211 Grey Infrastructure
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It is a category of all tangible/physical elements that are (mostly) of atrophic origin (that is, artificial), in other words
engineered assets that provide one or multiple services required by society. This is in turn preliminary subdivided
into Urban Elements (e.g., buildings, bridges, rails, roads, streets, and public spaces) and Urban Networks (a
composition of these urban elements).

2.11.1.Stereotype<<category>>

2.112. Relationships

Relationship Generalization Specialization
—is_built_with ﬁ Green Infrastructure ﬁ Grey Infrastructure
< specializes ﬁ Grey Infrastructure E Urban Element

< specializes ﬁ Grey Infrastructure ﬁ Urban Network

< specializes ﬁ Hard Infrastructure ﬁ Grey Infrastructure

ﬁ 2.12. Hard Infrastructure

It is the built environment, the physical connections between places that move people, materials, information, and
energy. These "fixed" things include roads, railroads, pipdgjngs, cables, and the networks composed of these
constructions. Moreover, encompasses the green infrastructure, which is a category of ecotmgited designed
structures, i.e., a combination of grey and green infrastructures; and the Blue Infrastructure defined as the blue
areas, a mix of natural resources (rivers, sea, beaches, etc) and-tasigimed elements.

2.12.1.Stereotype<<category>>

2.122. Relationships

Relationship Generalization Specialization

< specializes ﬁ Hard Infrastructure ﬁ Green Infrastructure
< specializes ﬁ Hard Infrastructure ﬁ Grey Infrastructure
< specializes ﬁ Hard Infrastructure E Blue Infrastructure
< specializes ﬁ Urban Infrastructure ﬁ Hard Infrastructure

&l 2.13. Hazardous Building

Thesetypes of buildings include any building which is used for storage, handling, manufacturing, or processing of
highly combustible explosive materials or products that are liable to burn extremely rapidly, which may produce
poisonous fumes.
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2.13.1.Stereotype<<subkind>>

E
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2.132. Relationships

Relationship Generalization Specialization
< specializes ﬁ Grey Building ﬁ Hazardous Building

&l 2.14. Health Building

These buildings include any building or part which is used for médiathent etc. Such as Hospitals, nursing
homes, orphanages, sanatoria, jails, prisons, mental hospitals, etc.

2.14.1.Stereotype<<subkind>>

2.142. Relationships

Relationship Generalization Specialization
< specializes = Grey Building B Health Building

& 2.15. Industrial Building

These types of building are mainly used for manufacturing purposes. Here products or materials of all kinds and
properties are fabricated, assembled, or processed, for example, gas plants, refineries, mills, dairies, etc.

2.15.1.Stereotype<<subkind>>

2.152. Relationships

Relationship Generalization Specialization
< specializes ﬁ Grey Building E Industrial Building

= 2.16. Mercantile Building

These shall include buildings used for soap, markets, stanetgsale or retail.
2.16.1.Stereotype<<subkind>>

2.16.2. Tagged Values

2.163. Relationships

Relationship Generalization Specialization

< specializes = Grey Building Bl Mercantile Building
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& 2.17. Park
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2.17.1.Stereotype<<kind>>

2.172. Relationships

Relationship Generalization Specialization

< specializes Park ﬁ Zoological Park
< specializes Natural Asset E Park

< specializes Urban Green Area Park

& 2.18. Perforated Pipe
2.18.1.Stereotype<<kind>>

2.182. Relationships

Relationship Generalization Specialization
< specializes Building Green Perforated Pipe

2.19. Permeabld?avement
2.19.1.Stereotype<<kind>>

2.192. Relationships

Relationship Generalization Specialization
<I— specializes ﬁ Building Green ﬁ Permeablé?avement
2.20. Rail

2.20.1.Stereotype<<kind>>

2.202. Relationships

Relationship Generalization Specialization

< specializes Urban Element E Rail

ﬁ 2.21. Rain Barrel

2.21.1.Stereotype<<kind>>
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2.212. Relationships

Relationship Generalization Specialization
< specializes ﬁ Building Green ﬁ Rain Barrel

&l 2.22. Residential Building

A building should be considered a residential building when more than half @btineareais employed for
dwelling purposes. Other buildings should be consideredesidential.

A residential building is one that is designed and accordingly built for inhabitants to measure in and call House.
Inhabitants can either be a family, single, a couple, roommates or may be in a group. A residential building has
basically:

- A sleeping room(bedroom)/space,

- A living room/space,

- Conveniences (as in toilet and bath),
- Cooking room/are&kitcher).

All of those functions can either be in sharedmsor spaces or have exclusive rooms per function. These types of
buildings include one or two private dwellings, apartment houses (flats), bungalows, duplexes, storey houses,
terrace buildings, apartment buildings, condominium buildings, hotels, dormitoriesgdetmhed buildings, etc.

Sourcehttps://dailycivil.com/typesof-buildings/
2.22.1.Stereotype<<subkind>>

2.222. Relationships

Relationship Generalization Specialization
< specializes B Grey Building B Residential Building
& 2.23. Road

2.23.1.Stereotype<<kind>>

2.232. Relationships

Relationship Generalization Specialization

< specializes B Urban Element Bl Road



https://dailycivil.com/what-is-floor-space-index-fsi-or-floor-area-ratio-far/
https://dailycivil.com/types-of-kitchen-layouts/
https://dailycivil.com/standard-room-sizes-1/
https://dailycivil.com/types-of-buildings/
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ﬁ 2.24. Soft Infrastructure
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It refers to everything that is needed to maintain the utilities and seniitem urban systemsuch as the
educational, health, cultural systems.

2.24.1.Stereotype<<category>>

2.242. Relationships

Relationship Generalization Specialization
—is_used_by ﬁ Soft Infrastructure ﬁ Urban System
— provides ﬁ Urban System ﬁ Soft Infrastructure
< specializes = Urban Infrastructure = Soft Infrastructure
< specializes ﬁ UFQS:: Service ﬁ Soft Infrastructure

= 2.25. Storage Building

These buildings are generally used for the storage or sheltering of goods, wares, or merchandise like warehouses,
cold storages, garages, stables, transit sheds, etc.

2.25.1.Stereotype<<subkind>>

2.252. Relationships

Relationship Generalization Specialization
< specializes = Grey Building E Storage Building

=l 2.26. Street
2.26.1.Stereotype<<kind>>
2.262. Relationships
Relationship Generalization Specialization

<I—specializes B Urban Element B street

ﬁ 2.27. Telecommunication Network

Telecommunication networks comprise of transmission, switching, and netmamkgement components that
operate jointly to facilitate communication in urban and loligfance settings.

2.27.1.Stereotype<<category>>

2.272. Relationships
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Relationship Generalization Specialization

PIAN! ONALE
DI RIPRESA E RESILIENZA

<I— specializes ﬁ Urban Network ﬁ Telecommunication Network

& 2.28. Transportation Network

Transportation Network is a conglomerate of heterogeneous urban elements, such as roads, streets, paths, railways,
bridges, etc., used for the mobility or transportation of goods and people.

2.28.1.Stereotype<<category>>

2.282. Relationships

Relationship Generalization Specialization

<I— specializes ﬁ Urban Network ﬁ Transportation Network

&l 2.29. Urban Agricultural Land

It refers to the land within the urban development boundary designated for-sogél farming activities and
growing crops for personal use or sale in surrounding markets. This encompasses vertical production, warehouse
farms, community gardens, rooftop farms, hydroponics, aeroponic, and aquaponic facilities, as well as other
innovative techniques.

2.29.1.Stereotype<<category>>

2.292. Relationships

Relationship Generalization Specialization

<I— specializes ﬁ Green Infrastructure ﬁ Urban Agricultural Land

ﬁ 2.30. Urban Element

It is a category of constructed items encompassing buildings, bridges, roads, footpaths, streets, rails, and other
related infrastructures.

2.30.1.Stereotype<<category>>

2.302. Relationships

Relationship Generalization Specialization
<I— specializes = Urban Element E Bridge
<+ specializes ﬁ Urban Element E Road

< specializes B urban Element E Grey Building
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Relationship Generalization Specialization

< specializes E Urban Element E Rail
<I—specializes ﬁ Urban Element E Street

< specializes ﬁ Grey Infrastructure ﬁ Urban Element

&l 2.31. Urban Forest
2.31.1.Stereotype<<kind>>
2.312. Relationships
Relationship Generalization Specialization

<I— specializes ﬁ Urban Green Area E Urban Forest

&l 2.32. Urban Garden
2.32.1.Stereotype<<kind>>
2.322. Relationships
Relationship Generalization Specialization

<I— specializes ﬁ Urban Green Area E Urban Garden

ﬁ 2.33. Urban Green Area

Urban green space refers to open areas reserved for parks and natural environgreampassing plant life. The
landscape of urban open spaces typically ranges from playing fields and highly maintained environments to more
natural landscapes. It links ecological processes and functions and encompasses forests, roadside trees, park trees,
garden trees, and nature conservation areas.

In the context of urban landse growth and its impact on the environment, green spaces offer ecosystem services
to promote human health. Green spaces such as parks, public gardens, and roadside trees are vital components of
urban planning.

Available athttps://doi.org/10.3390/land10020105
2.33.1.Stereotype<<category>>

2.332. Relationships

Relationship Generalization Specialization

< specializes E Urban Green Area E Park
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Relationship
< specializes
< specializes

< specializes

Ministero
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Generalization

ﬁ Urban Green Area

ﬁ Urban Green Area

ﬁ Green Infrastructure

l' Italiadomani

PIANO NAZIONALE
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Specialization
ﬁ Urban Forest
ﬁ Urban Garden

ﬁ Urban Green Area

ﬁ 2.34. Urban Infrastructure

Urban infrastructure is a mix of structures built horizontally or vertically by humans, which provide a variety of
utilities andservices such as housing, transportation, and leisure. The design of these structures serves to ensure

accessibility and convenience to meet the needs of the urban dwellers.

2.34.1.Stereotype<<mixin>>

2.342. Relationships

Relationship
<I— specializes
< specializes

<I— specializes

Generalization

ﬁ Urban Infrastructure

ﬁ Urban Infrastructure

ﬁ Resource

Specialization

ﬁ Hard Infrastructure

ﬁ Soft Infrastructure

ﬁ Urban Infrastructure

ﬁ 2.35. Urban Network

It is an ordered composition dkterogeneous urban structures, arranged according to their application in an urban

system, e.g., a transportation network.
2.35.1.Stereotype<<category>>

2.352. Relationships

Relationship

< specializes
< specializes
< specializes

< specializes

Generalization

= Urban Network
ﬁ Urban Network
ﬁ Urban Network

ﬁ Grey Infrastructure

Specialization

ﬁ Transportation Network

ﬁ Water Supply Network

ﬁ Telecommunication Network

ﬁwk

=l 2.36. water Supply Network

It is asystem of engineered hydrologic and hydraulic components that provide water supply for an urban system.

2.36.1.Stereotype<<category>>
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2.362. Relationships

Relationship

< specializes
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i Urban Network
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Specialization

i Water Supply Network

= 2.37. Zoological Park

2.37.1.Stereotype<<subkind>>

2.372. Relationships
Relationship

< specializes

Generalization

i Park

Specialization

i Zoological Park
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3. Ontology of Population

<<collective>>
Population

ZP gs_population
<<subkind>> <<subkind>>
Human Being Non-Human Being
Population Population
Q gs_human_being_population

<<subkind>>
Artificial
Population

gs_non_human_being_population

[ 1 [ | | |

Resident P

<<subkind>>

<<subkind>>

Population

<<subkind>>
Pet Population

<<subkind>>
Plant Population

L

<<subkind>>
Tourist Population

<<subkind>>
Mobile Genetic
Element Population

<<subkind>>
Fungus Popul

<<subkind>>

A

Wild Animal Population

<<subkind>>

<<subkind>>
Virus Population

<<subkind>>
Mold Population

& 3.1. Artificial Population

Artificial Population is all populations that do not encompass natural beings (humans or not) and are designed by
human beings. For instance, autonomous systems, institutional agents, intelligent artificial agents, etc.

3.1.1. Stereotype<<subkind>>

3.1.2. Relationships

Relationship Generalization Specialization

<I— specializes = Population = Artificial Population

=l 3.2. Bacterial population

It is the collective of bacteria ofspecified gender and species. A bacterial colony may expand in a geometric or
exponential fashion.

3.2.1. Stereotype<<subkind>>

3.2.2. Relationships

Relationship Generalization Specialization

< specializes ﬁ NonHuman Being Population ﬁ Bacterial population

& 33 Fungus Population

It is a collective of Fungus, which is any of abo@0D® known species of organisms of the kingdom Fungi,
including yeasts, mildews, molds, and mushrooms.

3.3.1. Stereotype<<subkind>>

3.3.2. Relationships
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Relationship Generalization Specialization
<I— specializes Fungus Population Mold Population
< specializes NonrHuman Being Population Fungus Population

3.4. Human Being Population

It is a subtype of the population collective, covering the subtypes of residentesident and tourist populations
in a given space aradtime

3.4.1. Stereotype<<subkind>>

3.4.2. Relationships

Relationship Generalization Specialization

< specializes Human Being Population Resident Population

< specializes Human Being Population NonResident Population
<>— is_collection_of Human Being Population Person

<+ specializes Animal Population Human Being Population
< specializes Population Human Being Population
< specializes Population Human Being Population

3.5. Mobile Genetic Element Population
Itis a collective of Mobile Genetic Element (MGE), also knotrenaposable element (TE).
3.5.1. Stereotype<<subkind>>

3.5.2. Relationships

Relationship Generalization Specialization
<I— specializes Mobile Genetic Element Populatior ﬁ Virus Population
< specializes NonHuman Being Population ﬁ Mobile Genetic Element Populatior

3.6. Mold Population
It is the collective of mold, a subtype of fungus that griowoor.
3.6.1. Stereotype<<subkind>>

3.6.2. Relationships
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Relationship Generalization Specialization
<I— specializes Fungus Population Mold Population

3.7. NontHuman Being Population

NonHuman Being Population is all populations that do not encompass human beings. It is subcategorized as: 2.1)
Pet Population, 2.2) Wild Animal Population, 2.3) Plant Population, 2.4) Mobile Genetic Element Population (MGE),
2.5) Fungus Population, 2.6) Protist Population, and 2.7) Bacteria Population.

There is a subtype of MGE, which is the Virus Population. Also, there is a subtype of Protist Population, which is
Mold Population.

3.7.1. Stereotype<<subkind>>

3.7.2. Relationships

Relationship Generalization Specialization

<I— specializes NonHuman Being Population ﬁ Pet Population

< specializes NonHuman Being Population ﬁ Wild Animal Population

< specializes ﬁ NonHuman Being Population ﬁ Plant Population

< specializes NonHuman Being Population ﬁ Mobile Genetic Element Populatior
<I— specializes ﬁ NonHuman Being Population ﬁ Bacterial population

< specializes NonHuman Being Population ﬁ Fungus Population

< specializes Population ﬁ NonHuman Being Population

&l 3.8. NonResident Population

It is the collective of individuals who amet registered with the Registry of the Resident Population in a given
municipality in a given timdt can be a tourist or a person who is temporally living in a particular place without the
duties required of the residents.

3.8.1. Stereotype<<subkind>>

3.8.2. Relationships

Relationship Generalization Specialization
< specializes ﬁ NonResident Population ﬁ Tourist Population
>—is_collection_of Non-Resident Population Non-Resident Person

< specializes ﬁ Human Being Population ﬁ NonResident Population
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=l 39. Pet Population
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Itis a collective of any domesticated or tamed animal that is kept as a companion and cared for affectionately.
3.9.1. Stereotype<<subkind>>

3.9.2. Relationships

Relationship Generalization Specialization
< specializes ﬁ NonrHuman Being Population ﬁ Pet Population

&l 3.10. Plant Population

It is the collective of plants per unit area of land. Plant populations are characterized by their size (or density) and
their structure (the number of individuals of different ages and sizes).

3.10.1. Stereotype<<subkind>>

3.10.2. Relationships

Relationship Generalization Specialization
< specializes = NonHuman Being Population E Plant Population

&l 3.11. Population

It is a collection ofgentsof the same taxonomic class, counted or sampled at a given location or area, given a time
interval.

3.11.1. Stereotype<<collective>>

3.11.2. Relationships

Relationship Generalization Specialization

®— is_composed_of = Urban System = Population

< specializes ﬁ Population ﬁ Human Being Population

< specializes ﬁ Population ﬁ NonHuman Being Population
< specializes ﬁ Population i Human Being Population

>— is_collection_of = Population = Agent
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&l 3.12. Resident Population
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It refers to the collective of people enlisted with the Resident Population Registry in a particular local authority area
in a given time. The classification of a Resident Person as a <<role>> derives from residency being an incidental
characteristic of a human being.

3.12.1. Stereotype<<subkind>>

3.12.2. Relationships

Relationship Generalization Specialization
>— is_collection_of B Resident Population B Resident Person
< specializes ﬁ Human Being Population ﬁ Resident Population

&l 3.13. Tourist Population
Itis a collective of people who is traveling or visiting a place for pleasure or interesting.
3.13.1. Stereotype<<subkind>>

3.13.2. Relationships

Relationship Generalization Specialization
>— is_collection_of B Tourist Population B Tourist
< specializes ﬁ Non-Resident Population E Tourist Population

& 3.14. Virus Population

It is a collective of a kind of virus. It is possible that viruses originated from mobile genetic elements that acquired
intercellular migration capabilities. They could be descendants of formerHivirege organisms that adopted a
parasite replication strategy.

3.14.1. Stereotype<<subkind>>

3.14.2. Relationships

Relationship Generalization Specialization
< specializes ﬁ Mobile Genetic Element Population ﬁ Virus Population

&l 3.15. wild Animal Population
Urban wildlife animal populations consist of species that ulilizaandominated ecosystems

3.15.1. Stereotype<<subkind>>
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3.15.2. Relationships

Relationship Generalization Specialization

< specializes ﬁ NonrHuman Being Population ﬁ Wild Animal Population

4. Ontology of Human Being Population

<<category>>
Agent
<<collective>> ’—LPLEQSV‘H
Population

<<category>> <<category>>
Artificial Agent

gs_population Natural Agent

[ | Ly —p—

<<category>>
Institutional Agent
<<subkind>> <<subkind>> 1.- ! 1

[ <<subkind>> ) ) <<category>>
Artlﬁl:l-al Non-Human. Human Being <<subCollectionOf>> 1 <<kind>> < gs_phases_of_existence [l Py

Being Person .
Being

ﬁ%gsihu man_being_population ‘ <<phase>>
gs_person_residence e s
<<subkind>> 1.* 1
o Tonon Popotr <
Resident Population Resident Person gs_life_phases
A ?1 .
1

<<phase>>
Living Person

I I !
<<phase>> <<phase>>
Teenager Child

<<role>>
ton-Resldent

<<phase>>
Adult

<<subCollection Of>>

Person

<<sublind>> 1-* <<subCollectionOf> 1 | <<role>>
Tourist P

B 41. Adult

It is a phase or stage of human development that occurs after the stage of adolescence and puberty. There are
three distinct stages: early (ages 19 to 45), middle (ages 45 to 60), and late (the later years thereafter).

There is no consensus about the starting age for these three stages of adulthood. The stages used here are
extracted at https://psychologydictionary.org/adulthood/

However, the Italian population statistics by age group are arranged as follows at
https://www.statista.com/statistics/789270/populatién-italy-by-agegroup/

4.1.1.Stereotype<<phase>>

4.1.2. Relationships

Relationship Generalization Specialization
< specializes B person B Adutt
B 42, Agent

From UFGC. Agents are agentive substantial individuals that are classified as physical agentpdesgn)eor
social agents (e.g., an organization, a society). Here, Agent is classified as Natural Agent (e.g., human-beings, non
human beings) and Artificial Agent (e.g., institutional agents, autonomous systems).

4.2.1.Stereotype<<category>>

4.2.2. Relationships
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Relationship Generalization Specialization

<I— specializes = Agent = Person

< specializes ﬁ Agent E Agent as Resource
< specializes = Agent B natural Agent

< specializes = Agent B Artificial Agent
<>—is_collection_of B population B Agent

& 4.3. Artificial Agent

It isan artefactthat was designed by human beingsd can act autonomously, learn, perceiamd improve For
instance artificial intelligent agents, autonomous systems, robots, institut@mgehts andartificial organisms

4.3.1.Stereotype<<category>>

4.3.2. Relationships

Relationship Generalization Specialization
< specializes = Artificial Agent = Institutional Agent
< specializes E Agent E Artificial Agent

= 4.4. child

It is a human being between the stages of birth and puberty, or between the developmental period of infancy and
puberty. It may also refer to an unborn human being.

For the UNICEF Convention, a child means every human being below the age of eighteen years unless under the law
applicable to the child, the majority is attained earlier.

In the context of urban systems, the Child is a phase that a human being goes through. The following subphases are
covered: Early childhood (birth to age 5), middle childhood (ages 6 to 12).

4.4.1.Stereotype<<phase>>

44.2. Relationships

Relationship Generalization Specialization

<I— specializes ﬁ Person ﬁ Child

ﬁ 45. Deceased Person

It is the phase in which a person is no longer alive. A person cannot be alive and not aliveaatethéne.
Therefore, it is a disjointed phase from the Alive phase.
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45.1.Stereotype<<phase>>

45.2. Relationships

Relationship

<I— specializes
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Specialization

Deceased Person

4.6. Human Being Population

It is a subtype of the population collective, covering the subtypes of residentesident and tourist populations

in a given space and period of time.
4.6.1.Stereotype<<subkind>>

4.6.2. Relationships

Relationship
<I— specializes

< specializes

<>— is_collection_of

< specializes
<I— specializes

< specializes

Generalization

Human Being Population

ﬁ Human Being Population

ﬁ Human Being Population

ﬁ Animal Population

i Population

.
Population

Specialization

Resident Population

ﬁ NonResident Population

ﬁ Person

ﬁ Human Being Population

E Human Being Population

Human Being Population

4.7. Institutional Agent

4.7.1.Stereotype<<category>>

4.7.2. Relationships

Relationship

<I— specializes

Generalization

Artificial Agent

Specialization

Institutional Agent

4.8. Living Person

It is aphase or stage of being alive, as opposed to being dead, during which your organs work and carry out their

functions.
4.8.1.Stereotype<<phase>>

4.8.2. Relationships



W Finanziato 7~ Ministero .
M dall'Unione europea ( dell’Universita l ‘M [taliadomani
i NextGenerationEU %3¢~ e della Ricerca - BSREET HE Dienza

Relationship Generalization Specialization
<I— specializes E Person E Living Person

&l 4.9. Natural Agent
It is every agent, human aprn-human, with a natural existence, that can influence an urban system.
49.1.Stereotype<<category>>

4.9.2. Relationships

Relationship Generalization Specialization

< specializes E Natural Agent E Person

< specializes E Natural Agent E No-Human Being
< specializes = Agent B natural Agent

&l 4.10. Non-Human Being

It is every norhuman being with agentive capacity to influence an urban system. This category is classified as Pet,
Plant, Wild Animal, Fungus, MGE, Virus, Mold, and Bacteria.

1) Pet is any domesticated or tamed animal that is kept as a companion and cared for affectionately.

2) Wild animal inraurban system is any natomesticated animal that has adapted its lifestyle to living in the cities
or in suburbameighborhoods

3) A plant is a living and natural organism of the kind exemplified by trees, shrubs, herbs, grasses, ferns, and mosses,
typically growing in a permanent site, absorbing water and inorganic substances through its roots, and synthesizing
nutrients in its leaves by photosynthesis using the green pigment chlorophyll.

4) Mobile genetic element (MGE), also known as transposable element (TE), is a type of moving genetic material
that can either move around within a genome or jump across different genomes.

5) Viruses may have arisen from mobile genetic elements that gained the ability to move between cells. They may
be descendants of previously frifeing organisms that adapted a parasitic replication strategy. Viruses can leave
the cell and move to other cells and organisms; mobile genetic elements generally just move around the genome
within a cell.

6) Fungus is any member of a kingdom of organisms called Fungi that lack chlorophyll, leaves, true stems, and roots,
reproduce by spores, and live as saprotrophs or parasites. The group imodoidgsmildews, rusts, yeasts, and
mushrooms.

7) A mold is a microscopic fungus that grows and lives on plant or animal matter or-orgaic objects. Most

molds are made up of flaments and reproduce through the production of spores. Spores spread by air, water, or
insects. There are many thousands of species of fungi. Mold is the colloquial term used for indoor fungi. Fungal
spores occur naturally outdoors easily be transferred inside well they can sit on surfaces. Mold organisms are
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extremely resilient and have evolved to adapt to survive irogtinal conditions. Types of indoor mold differ
according to geographical location.
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4.10.1.Stereotype<<category>>

4.102. Relationships

Relationship Generalization Specialization
<I— specializes ﬁ Natural Agent ﬁ No-Human Being

&l 4.11. NonHuman Being Population

NonHuman Being Population is all populations that do not encompass human beings. It is subcategorized as: 2.1)
Pet Population, 2.2) Wild Animal Population, 2.3) Plant Population, 2.4) Mobile Genetic Element Population (MGE),
2.5) Fungus Population, 2.6) Protist Population, and 2.7) Bacteria Population.

There is a subtype of MGE, which is the Virus Population. Also, there is a subtype of Protist Population, which is
Mold Population.

4.11.1.Stereotype<<subkind>>

4.11.2. Relationships

Relationship Generalization Specialization

<I— specializes ﬁ NonHuman Being Population ﬁ Pet Population

< specializes ﬁ NonHuman Being Population ﬁ Wild Animal Population

<I— specializes ﬁ NonHuman Being Population ﬁ Plant Population

< specializes ﬁ NonHuman Being Population ﬁ Mobile Genetic Element Populatior
<I— specializes E NonHuman Being Population ﬁ Bacterial population

< specializes ﬁ Non-Human Being Population ﬁ Fungus Population

<I— specializes E Population ﬁ NonHuman Being Population

ﬁ 4.12. NonResident Person

It is a role played by individuals who an@ registered with the Registry of the Resident Population in a given
municipality in a given timdt can be a tourist or a person who is temporally living in a particular place without the
duties required of the residents.

4.12.1.Stereotype<<role>>

412 2. Relationships

Relationship Generalization Specialization
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Relationship Generalization Specialization

<I— specializes B NonResident Person = Tourist

< specializes i Person i NonResident Person
<>— is_collection_of B NonResident Population B NonResident Person

&l 4.13. NonResident Population

It is the collective of individuals who amet registered with the Registry of the Resident Population in a given
municipality in a given timdt can be a tourist or a person who is temporally living in a particular place without the
duties required of the residents.

4.13.1.Stereotype<<subkind>>

4.13.2. Relationships

Relationship Generalization Specialization

<I— specializes i NonResident Population i Tourist Population
<>— is_collection_of B NonResident Population B NonResident Person
<I— specializes i Human Being Population i Non-Resident Population

= 4.14. Person
It is every human being with capacity to influence an urban system.
4.14.1.Stereotype<<kind>>

4.14 2. Relationships

Relationship Generalization Specialization

<I— specializes i Person i Non-Resident Person
< specializes = Person | Resident Person

< specializes = Person = Child

< specializes = Person | Teenager

< specializes = Person = Adult

< specializes E Person = Living Person

< specializes i Person i Deceased Person

< specializes E Agent E Person
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Relationship Generalization Specialization
< specializes B natural Agent B person
>— is_collection_of B Human Being Population B person

= 415 Population

It is a collection oAgentsof the same taxonomic class, counted or sampled at a given location or area, given a time
interval.

4.15.1.Stereotype<<collective>>

4.152. Relationships

Relationship Generalization Specialization

®— is_composed_of =l urban System = Population

< specializes ﬁ Population ﬁ Human Being Population

< specializes = Population = NonHuman Being Population
< specializes ﬁ Population E Human Being Population
<>—is_collection_of B population B Agent

ﬁ 4.16. Resident Person

Itis a person who is enlisted with the Resident Population Registry in a particular local authority area in a given time.
The classification of a Resident Person as a <<role>> deriveregigtency being an incidental characteristic
of a human being.

4.16.1.Stereotype<<role>>

4.16.2. Relationships

Relationship Generalization Specialization
<I— specializes ﬁ Person ﬁ Resident Person
>— is_collection_of B Resident Population B Resident Person

&l 4.17. Resident Population

It refers to the collective of people enlisted with the Resident Population Registry in a particular local authority area
in a given time. The classification of a Resident Person as a <<role>> derives from residency being an incidental
characteristic of a human being.

4.17.1.Stereotype<<subkind>>
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Relationship Generalization Specialization
>— is_collection_of B Resident Population B Resident Person
< specializes ﬁ Human Being Population ﬁ Resident Population

& 418 Teenager
It is the last phase of the childhood that a human being goes through (13 to 18 years).
4.18.1.Stereotype<<phase>>

4.18.2. Relationships

Relationship Generalization Specialization
<I— specializes ﬁ Person ﬁ Teenager

& 4.19. Tourist
Itis a role played by a persamo is traveling or visiting a place for pleasure or interesting.
4.19.1.Stereotype<<role>>

4.19.2. Relationships

Relationship Generalization Specialization
<I— specializes ﬁ NonResident Person ﬁ Tourist
— component_of ﬁ Tourist Population ﬁ Tourist

=l 4.20. Tourist Population
It is a collective of people who is travelingisiting a place for pleasure or interesting.
4.20.1.Stereotype<<subkind>>

4.202. Relationships

Relationship Generalization Specialization

< is_collection_of ﬁ Tourist Population ﬁ Tourist

< specializes ﬁ NonResident Population ﬁ Tourist Population
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5. Ontology of Risk from Storylines

Risk prediction scenario

‘compeunded

Obs -relations with the leads_to
letters a,b,c,d are not

labeled in the storylines.

leads_to

1
triggers

1.
Risk Object leads_to

1.
leads_to

leads_to

‘ leads_to

‘ Relational Risk impact affects ’;Alnurahilhy
|

Non Physical
Damage

1.0 a

1
Object at Risk 9

causes

1.0 1

leads_to
Physical
Damage

E 5.1. Driver

It encompasses both natural and hurdaduced factors, processes, or conditions that result in a direct or indirect
alteration of a system. Examples include climate change, uncontrolled urbanization, physical vulnerability of
infrastructure to natural disasters, limited emergency response plans, and early warning systems.

Available at: https://civiprotectionknowledgenetwork.europa.eu/etoverviewrisks
5.1.1.Stereotype<<category>>

5.1.2. Relationships

Relationship Generalization Specialization

— leads_to E Driver E Hazard

B2 Earthquake Hazard
5.2.1.Stereotype<<situation>>

5.2.2. Relationships

Relationship Generalization Specialization
<I— specializes B Hazard = Earthquake Hazard
&l 5.3. Hazard

It is the possibility of a physical event or event pattern, which could be agheal or humarcaused, that has the
capacity to result in loss of life, injury, or other detrimental health effects, as well as property, infrastructure,
livelihoods, service provision, ecosystems, and environmental resource damage and loss.
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5.3.1.Stereotype<<situation>>
5.3.2. Relationships
Relationship Generalization Specialization
—b Vulnerability Hazard
— compounded Hazard Hazard
— leads_to ﬁ Hazard ﬁ Impact
—leads_to Hazard Relational Risk
<I— specializes Hazard Earthquake Hazard
< specializes Hazard Tsunami Hazard
— triggers Hazard Hazard
—leads_to Driver Hazard
5.4. Impact

Itis a type of one or more resulting events from realized risks. In the context of climate change, the consequences of
realized risks on natural and human systems, where risks result from the interactions of-rdiatate hazards
(including extreme weather/climate events), exposure, and vulnerability.

Impacts generally refer to effects on lives, livelihoods, health aneb®ialj, ecosystems and species, economic,
social, and cultural assets, services (including ecosystem services), and infrastructure. Impacts may be referred to as
conseguences or outcomes and can be adverse or beneficial. In the model, only the type of adverse impact.

Impacts are also defined as the quantification of the overall potential damage and losses that a reference event may
generate in the same area and in a set timeframe.

5.4.1.Stereotype<<situation>>

5.4.2. Relationships

Relationship Generalization Specialization

— affects Vulnerability Impact

—C Impact ﬁ Risk Exposure
—leads_to ﬁ Impact ﬁ Relational Risk
— leads_to Impact i Impact

— leads_to ﬁ Hazard ﬁ Impact

< specializes Impact NonPhysicaDamage
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Relationship Generalization Specialization
< specializes = Impact = Physical Damage

B 55 Non-PhysicaDamage

Decreased integrity, size, efficiency (function),conditions considered to be advantageous or positive by a
community, resulting from an adverse event. Depending on applications, damage can be measured in different
ways, using appropriate metrics for each type of risk analysis. In this sense, damage may be physichysicabn
(social).

55.1.Stereotype<<situation>>

5.5.2. Relationships

Relationship Generalization Specialization
<I— specializes ﬁ Impact ﬁ NonPhysicaDamage

B 5. Object at Risk

The object at risk is understood as something that ought to be allowed to last and therefore deserves attention and
care. Definition available at DOI: 10.1080/13669877.2010.515313

5.6.1.Stereotype<<mixin>>

5.6.2. Relationships

Relationship Generalization Specialization

— causes = Risk Object E Object at Risk
— mediates ﬁ Relational Risk ﬁ Object at Risk
— inheres_in E Vulnerability ﬁ Object at Risk

Es7 Physical Damage

Decreased integrity, size, efficiency (function), or conditions considered to be advantageous or positive by a
community, resulting from an adverse event. Depending on applications, damage can be measured in different
ways, using appropriate metrics for each type of risk analysis. In this sense, damage may be physichysicabn
(social).

A measure of social disruption, in terms of deterioration of social relations and functions, miaatiral or
anthropogenic event causes to a community in the short to medium terprh@ireelessness).

5.7.1.Stereotype<<situation>>

5.7.2. Relationships
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Relationship Generalization Specialization
< specializes = Impact = Physical Damage

&l 5.8. Relational Risk
It is a relationagntity that links risk objects and objects at risk.

Risk is defined by IPCC v.6 as the potential for adverse consequences for human or ecological systems, recognizing
the diversity of values and objectives associated with such systems.

In the context of climate change, risks can arise from potential impacts of climate change as well as human
responses to climate change. Relevant adverse consequences include those on lives, livelihoods, health and well
being, economic, social and cultural assets and investments, infrastructure, services (including ecosystem services),
ecosystems and species.

In the context of climate change impacts, risks result from dynamic interactions between-olitatee hazards

with the exposure and vulnerability of the affected human or ecological system to the hazards. Hazards, exposure
and vulnerability may each be subject to uncertainty in terms of magnitude and likelihood of occurrence, and each
may change over time and space due to secionomic changes and human decisioaking (see also risk
management, adaptation and mitigation).

In the context of climate change responses, risks result from the potential for such responses not achieving the
intended objective(s), or from potential tradéfs with, or negative sideffects on, other societal objectives, such

as the Sustainable Development Goals (SDGs) (see also rigkffiradisks can arise, for example, from uncertainty

in implementation, effectiveness or outcomes of climate policy, climeddded investments, technology
development or adoption, and system transitions.

5.8.1.Stereotype<<relator>>

5.8.2. Relationships

Relationship Generalization Specialization

—a ﬁ Vulnerability ﬁ Relational Risk
—d ﬁ Relational Risk ﬁ Risk Exposure
— leads_to ﬁ Relational Risk ﬁ Relational Risk
—leads_to ﬁ Hazard ﬁ Relational Risk
— leads_to ﬁ Impact ﬁ Relational Risk

— Mmediates

— mediates

ﬁ Relational Risk

ﬁ Relational Risk

B Rrisk object

ﬁ Object at Risk
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&l 59. Risk Exposure

Risk exposure ismaeasure of the vulnerability of an urban system or of its components to adverse events (negative
impacts) or uncertainty.

5.9.1.Stereotype<<relator>>

5.9.2. Relationships

Relationship Generalization Specialization
—C E Impact ﬁ Risk Exposure
—d E Relational Risk ﬁ Risk Exposure

&l 5.10. Risk Object

The risk object isonsidered, under certain contingent circumstances and in some causal way, to constitute a threat
to the valued object at risk. In urban systems, in particularpriskted urban systems, a risk object is called Driver.

5.10.1.Stereotype<<category>>

5.10.2. Relationships

Relationship Generalization Specialization
— causes E Risk Object ﬁ Object at Risk
— mediates B Relational Risk B Risk object

E 5.11. Tsunami Hazard
5.11.1.Stereotype<<situation>>

5.11.2. Relationships

Relationship Generalization Specialization

< specializes E Hazard ﬁ Tsunami Hazard

&l 5.13. Vulnerability

The propensity or predisposition to be adversely affected. Vulnerability encompasses a variety of concepts and
elements, including sensitivity or susceptibility to harm and lack of capacity to cope and adapt.

Vulnerability expresses the relationship between the intensity of an adverse event, the features of the elements at
risk (assets, community, system, environment) that affect their behavior, and the measure of the damage resulting
from the event (response). Uncertainty in assessing vulnerability is due to insufficient knowledge of the features
affecting the response and the possible effects on the elements exposed to an event. Vulnerability is defined in
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different ways depending on the types of risk being assessed. In seismic risks, vulnerability is the probability that an
element at risk, belonging to a specific behavioral class (vulnerability class), experiences or exceeds a damage

threshold (according to a predetermined scale of damage) upon the occurrence of an event of an assigned intensity.
In flood risks, vulnerability expresses the expected damage to the elements at risk, the extent of damage ranging

from 0 (no damage) to 1 (total destruction).
5.13.1.Stereotype<<mode>>

5.132. Relationships

Relationship
—a

— affects
—b
—leads_to

—inheres_in

Generalization

ﬁ Vulnerability
B vulnerability
ﬁ Vulnerability
ﬁ Vulnerability

B vulnerability

Specialization

ﬁ Relational Risk
B impact

ﬁ Hazard

ﬁ Vulnerability

ﬁ Object at Risk

6. Ontological Model from storyline WS 4

Core Ontology of Risk
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6.11. Relationships

Relationship Generalization Specialization
a 0 B pamag
<I— specializes Impact Damage

ﬁ 6.2. Disaster

I WaSNAR2dzAa RA&ANMzZLIIA2Yy 2F GKS TFdzyOlAzyAy3a 2F | O2YYdzy Al
with conditions of exposurejulnerability,and capacity, leading to one or more of the following: human, material,
economic and environmentldssesf YR A YL} OG&AQ 06! bD! 3 HamcO®

See also Exposure, Hazard, Risk and Vulnerability.

6.21. Relationships

Relationship Generalization Specialization

—results_in ﬁ Disaster ﬁ Impact

-~ triggers Hazardous Situation ﬁ Disaster

<I— specializes Event E Disaster

-2 instance_of B Earthquake Aguila 2009 Disaster
6.3. Driver

6.3.1. Relationships

Relationship Generalization Specialization

— leads_to Driver ﬁ Hazardous Situation
— puts_at_risk Driver i Urban System

< specializes Risk Object Driver

6.5.EarthquakeHazard

6.51. Relationships

Relationship Generalization Specialization

<I— specializes Hazardous Situation i EarthquakeHazard
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= 6.6. Economic Vulnerability

6.6.1.Stereotype<<mode>>

6.62. Relationships

Relationship Generalization Specialization
< specializes ﬁ Vulnerability ﬁ Economic Vulnerability
= 6.7. Event

Event comes from an ontology of perdurants tB/OFO (Foundational OntologiNents are individuals composed
by temporal parts, they happen in time in the sense that they extend in time accumulating temporal parts.

In UFO:

i) an event exists only if at least one object is participating on it.

i) when an object is participating in an event, he is playing a role in this event.
iii) Events can be bearer of qualities.

iv) Every event is framed by a time interval (start time and end time). A time interval is associated with a temporal
structure, which is analogous with a quality structure.

v) Events can change the world by changing the State of Affairs.

Events are entities under the rules of Extensional Mereology, i.e.:

i) No event is part dfself.

i) If event X is part of event Y then event Y is not part of event X

i) If event X is part of event Y and event Y is part of event Z then event X is part of event Z
iv) If event Y is part of event X then there is an event Z disjoint from Y which is also.part of X
v) Two events are the same if and only if they are compodbe sameparts.

In the storylines:

Event is an occurrence or change of a particular set of circumstances.

NOTE 1 An event can be one or maeeurrences thatan have several causes.

NOTE 2 An event can consist of something not happening (impossible Evsra) impossible event if and only if P
(E)=0

bh¢9o o 'y 8¢S8yi Oly a42YSGiAYSa 0SS NBFSNNBR (2 & Ly GAy
bh¢9 n !y S$@Syd 6AiGK2dzi O2yaSljdSyosas Oy lt&a2 65 NBTFSI
Olttéo

6.71. Relationships
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Relationship Generalization Specialization
<I— specializes = Event = Disaster
— participates ﬁ Risk Object E Event

— participates ﬁ Object At Risk ﬁ Event

ﬁ 6.8. Flood Hazard

6.8.1. Relationships

Relationship Generalization Specialization

< specializes E Hazardous Situation E Flood Hazard

& 6.9. Hard Infrastructure
It isthe tangible, physical assembly of structures such as roads, bridges, builds, tunnels, etdways
6.9.1. Relationships

Relationship Generalization Specialization

< specializes = Infrastructure = Hard Infrastructure

ﬁ 6.10. Hazard

In a specific geographic area and a given timeframe (reference periogjptiability of occurrence of a potentially
harmful natural or anthropogenic event of an assigned intensity. The latter may be codified in various ways
depending on the features of risk analysis.

6.10.1.Stereotype<<mode>>

6.102. Relationships

Relationship Generalization Specialization

— inheres_in ﬁ Hazard E Hazardous Situation

ﬁ 6.11. Hazard Zone

It is a geographic zone with the probability of occurrence of a potentially harmful natural or anthropogenic event
considering the evaluation of both risk exposure and vulneratiifyositions of this place.

6.111. Relationships

Relationship Generalization Specialization
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Specialization

i Hazardous Situation

i Urban System

B Hilly Area

i Intramontane Alluvial Plain

i 6.12. Hazardous Situation

1) In UF@B, A situation triggers an atomic event iff there is a disposition that is activated by the situation and that is

manifested by the event,

2) A situation is the set of things that are happening and the conditions and dispositions that exist at a particular

time and place.

3) A hazardous situation is the state of affairs in which both the vulnerability and exposure dispositions of a valuable

object to risk are aligned.
6.12.1.Stereotype<<situation>>

6.122. Relationships

Relationship
— leads_to
—— occurs_in
-~ triggers

— triggers
< specializes
< specializes
< specializes

— inheres_in

Generalization
i Driver
i Hazard Zone

i Hazardous Situation

i Hazardous Situation

i Hazardous Situation

i Hazardous Situation

i Hazardous Situation

i Hazard

Specialization

i Hazardous Situation

i Hazardous Situation

i Disaster

i Hazardous Situation

i EarthquakeHazard

i Flood Hazard
i Landslide Hazard

i Hazardous Situation

& 6.13. Hilly Area

6.131. Relationships

Relationship

— placed_in

Generalization

i Urban System

Specialization

i Hilly Area
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Relationship

< specializes

Generalization

i Hazard Zone

Specialization

i Hilly Area

= 6.14.Immateriallmpact

6.141. Relationships

Relationship

< specializes

= 6.15. Impact

6.151. Relationships

Generalization

i Impact

Specialization

i Immateriallmpact

Relationship Generalization Specialization

— affects i Impact i Urban System
— results_in i Disaster i Impact

— triggers = Impact E Impact

< specializes E Impact = Damage

< specializes = Impact = Loss

< specializes E Impact B immaterial Impact
< specializes i Impact i Material Impact

i 6.16. Infrastructure

It refers to the basic physical and organizational structures and facilities that a ¢c@untty or an organization
needs and uses in order to work effectively.

6.161. Relationships

Relationship Generalization Specialization

< specializes i Infrastructure i Hard Infrastructure

< specializes i Infrastructure i Soft Infrastructure

®— is_composedof B urban System B infrastructure
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6.17. Intramontane Alluvial Plain

6.171. Relationships
Relationship
— placed_in

< specializes

Ministero
dell’Universita
e della Ricerca

Generalization
Urban System
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Specialization

Intramontane Alluvial Plain

Intramontane Alluvial Plain

6.18. Landslide Hazard

6.181. Relationships

Relationship

< specializes

6.19. Loss

6.191. Relationships

Relationship

< specializes

6.20. Material Impact

6.201. Relationships

Relationship

<I— specializes

Generalization

Hazardous Situation

Generalization

Impact

Generalization

Impact

Specialization

Landslide Hazard

Specialization

B Loss

Specialization

ﬁ Material Impact

6.21. Object At Risk

6.211. Relationships

Relationship

< specializes

— participates
—is_put_at_risk_by <<material>>

— Mmediates

Generalization
Object At Risk
Object At Risk
Risk Object

Relational Risk

Specialization
Urban System
B Event

Object At Risk

Object At Risk
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= 6.22. Population

6.221. Relationships

Relationship Generalization Specialization
¢ is_composedof B urban System = Population

ﬁ 6.23. Relational Risk

Risk emerges from situated cognition that establishes a relationship of risk between risk object (driver) and object at
risk.

The potential for adverse consequences for human or ecological systems, recognizing the diversity of values and
objectives associated with such systems. In the context of climate change, risks can arise from potential impacts of
climate change as well as human responses to climate change. In the context of DRR risk can arise from potential
impacts of an event. Relevant adverse consequences include those on lives, livelihoods, healthteiagwell
economic, social and cultural assets and investments, infrastructure, services (including ecosystem services),
ecosystems and species.

Risks result from dynamic interactions between hazards with the exposure and vulnerability of the affected human
or ecological system to the hazards. Hazagdposure,and vulnerability may each be subject to uncertainty in
terms of magnitude and likelihood of occurrence, and each may change over time and space duestmsonic
changes and human decistoraking (see also risk management, adaptation and mitigation). risks may also result
from the potential for responses (to climate change effects or to specific events) not achieving the intended
objective(s), or from potential tradeffs with, or negative sideffects on, other societal objectives, such as the
Sustainable Development Goals (SDGs) (see also risktfade

Risks can arise, for example, from uncertainty in implementation, effectiveness or outcomes of climate policy,
climaterelated investments, technology development or adoption, and system transitions, as well as risk mitigatio
actions.

6.231. Relationships

Relationship Generalization Specialization
— mediates B Relational Risk B Risk Object
— mediates ﬁ Relational Risk ﬁ Object At Risk

&l 6.24. Risk Exposure

1) Exposure or risk exposure is a measure of the vulnerability of an urban system or of its components to adverse
events (negative impacts) or uncertainty.
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2) Risk Exposure as a Disposition is the presence of people, livelihoods, species or ecosystems, environmental

functions, services, and resources, infrastructure, or economic, social, or cultural assets in plae&ingadhat
could be adversely affected.
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6.24.1.Stereotype<<mode>>

6.242. Relationships

Relationship Generalization Specialization
— exposes ﬁ Risk Exposure ﬁ Urban System

& 6.25. Risk Object

6.251. Relationships

Relationship Generalization Specialization

< specializes B Rrisk Object = Driver

— puts_at_risk B Risk object B object At Risk
— participates ﬁ Risk Object ﬁ Event

— mediates ﬁ Relational Risk ﬁ Risk Object

& 6.26. Social Vulnerability
6.26.1.Stereotype<<mode>>

6.262. Relationships

Relationship Generalization Specialization
< specializes ﬁ Vulnerability ﬁ Social Vulnerability

ﬁ 6.27. Soft Infrastructure

6.271. Relationships

Relationship Generalization Specialization

<I— specializes ﬁ Infrastructure ﬁ Soft Infrastructure

= 6.29. Urban System

Urban systems refer to two interconnected systdirst, the comprehensive collections of city elements with
multiple dimensions and characteristics:
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a) encompass physical, built, socioeconamitinical, political, and ecologicaibsystems.
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b) integrate social agent/constituency/processes with physical structure and processes; and

¢) exist within broader spatial and temporal scales and governance and institutional contexts; and second, the global
system of cities and towns.

6.291. Relationships

Relationship Generalization Specialization
— affects ﬁ Impact ﬁ Urban System

— is_exposed_to
— is_vulnerable
— placed_in

— placed_in

— component_of
— component_of
< specializes
< specializes
— inheres_in

— specializes

ﬁ Risk Exposure
ﬁ Vulnerability

Urban System
Urban System
Urban System

ﬁ Urban System

ﬁ Hazard Zone
ﬁ Object At Risk
ﬁ Value at Risk

Driver

ﬁ Urban System

ﬁ Urban System

ﬁ Hilly Area

ﬁ Intramontane Alluvial Plain

ﬁ Population

ﬁ Infrastructure
= Urban System
ﬁ Urban System
ﬁ Urban System

ﬁ Urban System

ﬁ 6.30. Value at Risk

Value or Value at Risk refers to the level of significance of an objeetcasved by an individual, quantified by its
monetary value or other established measure.

6.30.1.Stereotype<<quantity>>

6.302. Relationships

Relationship Generalization Specialization
——inheres_in Value at Risk ﬁ Urban System

= 6.31. Vulnerability

1) The propensity or predisposition to be adversely affected. Vulnerability encompasses a variety of concepts and
elements, including sensitivity or susceptibility to harm and lack of capacity to cope and adapt.
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2) Vulnerability expresses the relationship between the intensity of an adverse event, the features of the elements
at risk (assets, community, system, environment) that affect their behavior, and the measure of the damage
resulting from the event (response). Uncertainty in assessing vulnerability is due to insufficient knowledge of the
features affecting the response of and the possible effects on the elements exposed to an event. Vulnerability is
defined in different ways depending on the types of risk being assessed. In seismic risks, vulnerability is the
probability that an element at risk, belonging to a specific behavioral class (vulnerability class), experiences or
exceeds a damage threshold (according to a predetermined scale tdgignupon the occurrence of an event of

an assigned intensity. In flood risks, vulnerability expresses the expected damage to the elements at risk, the extent
of damage ranging from 0 (no damage) to 1 (total destruction).
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6.31.1.Stereotype<<mode>>

6.312. Relationships

Relationship Generalization Specialization
— is_vulnerable ﬁ Vulnerability ﬁ Urban System
< specializes E Vulnerability E Social Vulnerability

< specializes ﬁ Vulnerability ﬁ Economic Vulnerability
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Appendix A Risk Storylines

Storyline 1.1

Settlement context (reference to the defined settlement archetypes, if applicahlplease refer to the SC
reported in the Miro board:https://miro.com/app/board/uXjVMalthng=)

SC_03% Contesto insediativo in area metropolitana sulla linea di costa/Rischi climatici, biologici-¢ech

Description of the urban contexfurban configuration, building typologies, infrastructures, ...)

Mid-range North Adriatic city port mainly devoted to trade, industry, and tourism. Despite the proximity to the
sea, the territory presents a hilly to mountainous morphology. The city is divided into different climatic zones
depending on the proximity to the sea or on altitude and it is crossed by some small rivers coming from the
plateau that surrounds the urban area. The urban context mainly develops along the coastline. There are two
major roads and one of them runs all along the coast.

Dimension / population(spatial extent in kmz2, resident population, other measures, if known)

~80 kn%, 200,000 inhabitants (data refer to the whole city, but scenario can also be restricted to a single
neighborhood, if needed)

Reference hazard&nd their potential interrelationships)

Cascading NaTech mdittazard scenario:

Earthquake TRIGGERING tsunami TRIGGERING pollutants release from a gasifier located on the coast.
Exposure typegkey exposed systems/subsystems/elements and functions, if known)

Inhabitants, builtlup area, road network, industrial sites, port infrastructure.

There is a pine forest on the coast that has a very high recreational and touristic value. This element can represent
both an exposed element (that can be damaged) but also as a mitigation element, able to partially contrast the
effect of the tsunami on the buitip area behind.

Vulnerability types(key vulnerabilities if known)

Industrial plants are located along the coast and close to population and residential areas. Moreover, some of
them might be not well maintained and/or underpowered (i.e. not designed to resist a-hra#tird scenario).

The road network is not enough redundant and there is only one main road that connects the industrial sites and
the port with the surroundings.

Risks(key risks if known)
1 Loss of human lives because of the impacts of the earthquake and the tsunamitésinoeffect).

1 Loss of human lives and health risks (loaign effects) due to the release of chemicals from the
industrial plant.
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1 Physical damage on the buip area, including the collapse and/or destruction of some buildings

because of the earthquake and/or tsunami.
1 Systemic risks due to:
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1 interruption of the road network
1 interruption of the port trades

Stakeholders

Civil Protection department, municipality, road network manager, industrial site manager, citizenships.
Data Relevan{availability of data relevant for the scope of the project, along with specific type)

none

Other relevant notes

none

Impact chain
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Storylinel.2

Settlement context (reference to the defined settlement archetypes, if applicalijeplease refer to the SC
reported in the Miro board:https://miro.com/app/board/uXjVMalthng=)

None of the SC reported in the Miro board

Description of the urban contexfurban configuration, building typologies, infrastructures, ...)
Social housing neighborhood, located on a flood plain.
Dimension / population(spatial extent in km?, resident population, other measures, if known)

~1 kn?, 5,000 inhabitants

Reference hazard&nd their potential interrelationships)

Independent hazards:

1 Heatwaves
1 Compound urban and riverine flooding

Exposure typegkey exposed systems/subsystems/elements and functions, if known)

Households

Vulnerability types(key vulnerabilities if known)

Natural hazards can interact with local seeimonomic vulnerabilities, leading to significant risks. More specifically,
fuel poverty (the condition in which households cannot afford to keep adequately warm or cold at a reasonable
cost, given their income) can significantly increase vulnerability to heat waves.

On the other side, the inadequate level of maintenance of the social houses due to the low public investment can
play a role in increasing the magnitude of urban flooding, because of the low maintenance of the local drainage
network. Moreover, social vulnerability can lead to a lower level of risk awareness, leading to a higher vulnerability
to flooding for the people leaving in the basement/ ground floor of the buildings.

Risks(key risks if known)
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1 Health issues due to the amplified heatwawempacts.

1 Socieeconomic risk for thdnouseholds
1 Physical damages to the building due to the flood

Stakeholders

Households, municipality, social housing managers.
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Data Relevantavailability of data relevant for the scope of the project, along with specific type)

Other relevant notes

Impact chain
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Storyline 2

Settlement context (reference to the defined settlement archetypes, if applicahlplease refer to the SC
reported in the Miro board:https://miro.com/app/board/uXjVMalthng=)

Context | Description Settlement features Built-up features Risks

id

SC_XX | Contesto insediativo in area Insediamento storico Centro storico Rischi geofisici di tipo
metropolitana in pianura di origine RSt t QSy i NB {j caratterizzato da sismico con
tettonica/Rischi geofisici, idraulici, pianura di origine tessuto compatto; amplificazione di sito,
climatici e biologici tettonica eventuale tessuto liquefazione, di stabilita

residenziale diffuso di | del terreno, rischi
recente espansione a | idraulici con presenza d
ridosso di infrastrutture | alluvioni improvvise,

di viabilita a scala rischi climatici con
territoriale. Presenza di| ondate di calore e
attivita dei settori piogge abbondanti,
primario e secondario | rischi biologici con
(agricole e inquinamento
manifatturiere). atmosferico e dei suoli.

Description of the urban contexfurban configuration, building typologies, infrastructures, ...)

A mediumsized town with high population density located on a vast low plain, with scattered vegetation and in
the absence of rivers. The historic centre is mainly made up of 3 @tokiés buildings in a compact urban fabric,
surrounded by a residential fabric of more recent expansion close to the road infrastructure. Presence of small
manufacturing activities in the town and extended farming and agricultural activities in the surrounding lands.

Dimension / population(spatial extent in km?, resident population, other measures, if known)

~50km?= pnQannn AYKFEOAGlIYy(a

Reference hazard&nd their potential interrelationships)

Seismic events and pluvial floods.

A mediumto-high intensity earthquake strikes the city, causing relevant damage to several of the dated buildings
of the historic town, and low damage to the external road infrastructure. Subsequent pluvial flooding would affect
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primarily the urbanized area, characterized by a low permeability of the soil, preventing the efficient management

of the emergency phaggncluding the rescue and evacuation of the inhabitarssd then the recovery phase in
the town.

In the longlasting recovering phase, the evacuation of part of the population and its relocation to temporary
housing outside of the town could exacerbate the pluvial flooding risk and its impact on the agricultural sector.

Exposure typegkey exposed systems/subsystems/elements and functions, if known)

Inhabitants, built environment, manufacturing activities in the city, agricultural activities in the lands, transport
infrastructures.

Vulnerability types(key vulnerabilities if known)

Presence of a compact fabric of dated buildings vulnerable to earthquakes.

Temporary urbanization for the management of the recovery phase may potentially increases the risk of pluvial
flooding if the design of new area is not conceived in a multirisk perspective.

A significant part of the population and several productive activities are jointly exposed and vulnerable to both
risks, leading t@everesocioeconomic impacts.

Riskg(key risks if known)

Geophysical risks related to seismic hazards, hydraulic risks related to sudden floods, climatic risks related to more
frequent extreme precipitatiorevents.

Stakeholders

Civil Protection department, municipality, inhabitants, small artisans, agricultural industry.
Data Relevantavailability of data relevant for the scope of the project, along with specific type)

Data provided by Civil Protection and municipality acpgast seismic events, soil studies and seismic zonation,
past precipitations and climate data.

Other relevant notes
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The planning of the recovery phase following the seismic emergency should beiskutiriented. For
example, selecting areas for the relocation of the earthqustkieeken population should consider both
the site seismic hazard and the potential increment of pluvial flooding risk (due to further urbanization

of farmlands).
Impact chain
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Storyline 3

Settlement context (reference to the defined settlement archetypes, if applicalijeplease refer to the SC
reported in the Miro board:https://miro.com/app/board/uXjVMalthng=)

SC_04, Contesto insediativo in area metropolitana collinare/Rischi geofisici, idraulici, climatici e biologici

Description of the urban contexfurban configuration, building typologies, infrastructures, ...)

City with dense urban residential building tissue in a hilly landscape. The presence of many buildings contributed
to a high soil impermeability and covering of the small river network. Moreover, the road network is constrained
into a limited space in between of the residential buildings.

Dimension / population(spatial extent in km?, resident population, other measures, if known)

~80 knt, 200,000 inhabitants (data refer to the whole city, but scenario can also be restricted to a single
neighborhood, if needed)

Reference hazard&nd their potential interrelationships)

Compound and cascading mtltazard scenario:

Aqueduct/ pipeline leakages as predisposing factor COMPOUNDING with a relatively intense rainfall event (not
necessarily an extreme event) which are TRIGGERING a landslide that is affecting the road network with indirect
effects on mobility and reachability of critical infrastructures (e.g., an hospital).

Exposure typegkey exposed systems/subsystems/elements and functions, if known)

Inhabitants, builtup area, road network, critical infrastructures (e.g., hospital).

Vulnerability types(key vulnerabilities if known)

The high density of buiip area affects the soil permeability and water infiltration rates. The aqueduct/pipe is not
well maintained (i.e. acting as a predisposing factor in terms of soil saturation). The road network is not enough
redundant and there is only one main road that connects the hospital. Other roads exist but the time needed to
reach the hospital increases.

Risks(key risks if known)
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Direct loss of human lives due to the impact of the landslide on the road.

Undirect increase of probability for the loss of human lives due to the increase of time to reach the hospital for the
same people affected by the landslide and for all the other people affected by any other hazard.

Physical damage on the road and the buiit area, including the collapse and/or destruction of some buildings
and other infrastructure (e.g., aqueduct) due to the direct effect of the landslide.

Systemic risks due to:

1 interruption of the road network / other infrastructures (e.g., aqueducts)
1 indirect reduction of functionality for the hospital

Stakeholders

Civil Protection department, municipality, road network manager, building constructors and citizenships.
Data Relevan{availability of data relevant for the scope of the project, along with specific type)

Existence, location and functionality data of the road network, hospital, -bpiltareas, aqueduct. Physical
condition of the area in terms of slope and land cover. Soil moisture, precipitation data and climate trends.

Other relevant notes

Impact chain
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Settlement context (reference to the defined settlement archetypes, if applicalijeplease refer to the SC
reported in the Miro board:https://miro.com/app/board/uXjVMalthng=)

SC_04; Contesto insediativo in area metropolitana collinare/Rischi geofisici, idraulici, climatici e biologici
Settlement context in hilly metropolitan area/Geophysical, hydraulic, climatic and biological risks

Description of the urban contexfurban configuration, building typologies, infrastructures, ...)

Small district with medium population density displaced along a hillside with medium to high vegetation. Mainly
made up of 3(4ktory buildings with scattered independent houses around the top of the hill. Residential district is
crossed by a twéane road and secondary smaller arteries. Complex orographic context. Railway passes through
the plateau at the foothills and an oil refinery is present in the same area.

Dimension / population(spatial extent in km?, resident population, other measures, if known)

~1kmt= yQnnn AYKFEoAGlIyda

Reference hazardénd their potential interrelationships)

Convective phenomena> high intensity precipitations> floods-> landslides> biological and chemical hazards
due to exposure (0oil refinenyg socioeconomical impact due to buildings and presence of railway

Exposure typegkey exposed systems/subsystems/elements and functions, if known)

Inhabitants (mostly over 60 years old), Oil refinergotential bigger area involved due to diffusion of pollutants,
railway¢ socioeconomic impacts

Vulnerability types(key vulnerabilities if known)

Presence of railway and industry. Some buildings are dated and require maintenance. As well as roads on the hill.
Recent logging of the area increases vulnerability of the terrain for landslides.

Risks(key risks if known)
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Stakeholders

Civil Protection department, municipality, state railways, industry management.
Data Relevantavailability of data relevant for the scope of the project, along with specific type)

Data from Civil Protection and municipalifypast convective events, precipitations, terrain assessment, climate
change trends.

Other relevant notes

Impact chain
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AppendixB ¢ Dictionary of Terms (Preliminary Glossary)

Definition given, including if necessg

Term specific terminology used and reference| Disciplines| Reference (authors, article/document title, year, publisher)
other glossary terms
IPCC AR6 WG Il Annex Il (MA, 2005: Appendix D: Gliossary
The ability of systems, institution Ecosystems and Human Vbking:
humans and other organisms to adjust { Social CurrentStatusand Trends. Findings of the Condition and
Adaptive capacity | potential damage, to take advantage . Trends Working Group [Hassan, R., R. Scholes and N.
" Sciences . .
opportunites or to respond to| Ash(eds.)], Millennium Ecosystem
conseqguences Assessment (MA), Island Press, Washington DC, USA, pp.
893¢900)
Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoj
A phenomenon of natural or . G. (2023)Natural and anthropogenic risks: proposal for an
o Climate . o . . .
Adverse Event anthropogenic origin that may damage Risk interdisciplinary glossaritalian Journal of Engineering
elements at riskSee'Event". Geology and Environment, (13,18.
https://doi.org/10.4408/IJEGE.2023.001
Risk awareness is about realizing that si Renn, O. (1983) Technology, risk and public perception,
we live in a dangerous world, we therefo Appl. Systems Anal., 4,-68.
are acknowledgedf the probability of Arce, R. S. C., Onuki, M., Esteban, M., & Shibayama, T.
suffering damage or health detriments (2017). Risk awareness and intended tsunami evacuation
because ohatural or marmade hazards behaviorof international tourists in Kamakura City, Japan.
(Renn, 1983). Internationaldournalbf Disaster Risk ReductidB, 178192
oHighriskawareness, while not sufficient . Mondino, E., Scolobig, A., Borga, M., & Di Baldassarre, G.
. ) : : Social : .
Awareness to motivatebehavioralone, is typically a Sciences (2020). The role of experience and different sources of

prerequisite for improving disaster
preparedness [[22], [23], [24], [25]]-
Ignorance of potential risk can result in n
or delayed, mitigation actions and a high
Ol adz f G& NI OGS 6KSy
It is also noticed that risk awareness is n

only a (logical) prerequisite of disaster

knowledge in shaping flood risk awareness. Water, 12(8),
2130.

BoyerVillemaire, U., Bernatchez, P., Benavente, J., &
Cooper, J. A. G. (2014). Quantifying community's functional
awareness of coastal changes and hazards from citizen
perception analysis in Canada, dikd Spain. Ocean &
coastal management, 93, 1Q@0.
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preparedness since regression models
recognize it as a causal factor (statistical
predictor) of evacuation willingness,
resilienceand preparedness (target
variables) inmany papers.

GwAail el NBySaa Ol
knowledge of the presence of a risk, whi
risk perception can be defined as a
broaderWhtuitive riske dzZR 3 ¥. Sy (i Q
dFunctionabwareness. This level of
consciousness sufficient to influence
behavioris represented by a set of
indicators that reflect the perception 1) o]
dreadfulness, 2) of uncertaintgnd 3)
behavioralOK I y3S ¢ @

WikKS SEGSYdH 2F 0O2Y
disaster risks, the factors that lead to
disasters and the actions that can be tak
individually and collectively to reduce
SELI2adNB | yR @dzZ y$S
2009, pp. 2223)

We treated risk awareness as the other
concept influencing resilience and
vulnerability and we defined it #se
collectiveacknowledgmenof a risk and
potential risk prevention and mitigation

actions, fostered by risk communication.

United Nations (UN). (2009). UNISDR terminology for
disaster risk reduction.

Morsut, C., Kuran, C., Kruke, B. I., Orru, K., & Hansson, S.
(2022).Linking resilience, vulnerability, social capétati

risk awareness for crisis and disaster research. Journal of
Contingencies and Crisis Management, 30(2);1437
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Capacity (or
capability)

The combination of all the strength
attributes, and resources that are availal
within an organization community, or
society to manage and mitigate disas
risks and strengthen resilience. Capa
may involve infrastructure, institution|
and human knowledge and skills, as wel
collective attributes, such as soc
relations, leadership, and management.

Social
Sciences

Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnos
G. (2023)Natural and anthropogenic risks: proposal for an
interdisciplinary glossaritalian Journal of Engineering
Geology and Environment, (1318.
https://doi.org/10.4408/IJEGE.2023.001

Cascading Events

A sequence of consecutive events that
characterizedby a causal relationship wit
one another (e.g. an earthquake triggeri
a landslide, which causes the collapse |
building and casualties), or a tempo
interaction  between the differen
phenomena that the same triggering eve
may independently generate (e.g. a flo
may cause power failures or road traf
interruptions, which are independent
one another, but which may both affe
the function of the same hospital
Cascading events may be mapped throl
a temporal sequence consisting of a sin
chain of eventsi.e., the occurrence of ar
event that triggers a single event tree, a
a sequence of multiple and parallel cha
of events,i.e., the occurrence of an ever
that triggers multiple and parallel chains

events. In this instance, the tempol

Climate
Risk

Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoj
G. (2023)Natural and anthropogenic risks: proposal for an
interdisciplinary glossaritalian Journal of Engineering
Geology and Environment, (1§18.
https://doi.org/10.4408/IJEGE.2023.001
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sequence is made up of a sequence
events that do not necessarily have
causal relationship with one another. F
instance, cascading events triggered
volcanic eruptions can generateeveral
parallel phenomena (earthquake, ash f
pyroclastic flows, tsunamis, lahars, et
causing multiple and independent eve
trees

Cascading Impacts

Cascading impacts from extreme
weather/climate eventsoccur when a
hazardgenerates a sequence of secondi
events in natural anddbuman systemshat
result in physical, naturalsocial, or
economic  disruption, whereby th
resulting impact is significantly larger th
the initial impact. Cascading impacts ;i
complex and mukidimensional and ar¢
associated more with the magnitude
vulnerabilitythan with that of the hazarg
(modified from Pescaroli and Alexand
2015).

Climate
Risk

IPCC AR6 WG Il Annex Il

Casualties

The number of people killed and injured
a natural or anthropogenic even

Climate
Risk

Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoj
G. (2023)Natural and anthropogenic risks: proposal for an
interdisciplinary glossaritalian Journal of Engineering
Geology and Environment, (1318.
https://doi.org/10.4408/IJEGE.2023.001
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Circular Economy

A system with minimal input an
operational losses of materials and ene
through extensive reduction reuse,
recycling, and recovery activities. T
strategies for circularity include: Refus
Rethink, Reduce, Reuse, Repair, Refurl
Remanufacture, Repurpose, Recyaad
Recover.

References

- Kirchherr, J., Reike, D. and Hekkert,
(2017): Conceptualizing the circul
economy: An analysis of 114 definitiol
Resources, Conservation and Recyc
127, 221232,
https://doi.org/10.1016/j.resconrec.2017.
9.005

- Potting, J., A. Hanemaaijer, R. Delahay
Ganzevles, R. Hoekstra, and J. Lijzen, Z
Circular Economy: What We Want
Know and Can Measure. 20 pp.

- Korhonen, J., A. Honkasalo, and
Seppala, 2018: Circular Economy:
Concept and its Limitationg&col. Econ.
143, 3%46,
https://doi.org/10.1016/j.ecolecon.2017.(
6.041

- Haupt, M., C. Vadenbo, S. Hellweg, 2(
G52 ¢S KI@S (GKS

Climate
Risk

IPCC AR6 WG Il Annex Il
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indicators for the circular economy
Insight into the Swiss waste managem
system. J of Industrial Ecology, vo. 21,
3.

Cities

Cities are open systems, continug
exchanging resources, products a
services, waste, people, ideasd finances
with the hinterlands and broader worlg
Cities are complex, saifganizing
adaptive and constantly evolving. Citi
also encompass multiple actors wi
varying responsibilitiescapabilities, and
priorities, as well as processes i
transcend the institutional sectdrased
approach to city administration. Cities ¢
embedded in  broader ecologicd
economic, technical, institutional, leg;
and governance structures that enable
constrain their systemic function, whig
cannot be separated from wider pow,
relations. Urban processes of a physi
socia] and economic nature are causa
interlinked, with interactions anféedback
that result in both intended ani

unintended impacts on emissions. See 4

Climate
Risk

IPCC AR6 WG Il Annex Il
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City region, Petirban areasand Urban.

¢tKS | NBIf SEGSY
material associations and economic
political influence. The city region conce
accepts that rural livelihoods and land ug
can be incorporated within the function| Climate
activities of a city. This will inclu¢ Risk
dormitory settlements, sources for critic
inputs of water, some food, and wag
disposal. See al$egionCities Urbanand
Urban systems

City Region IPCC AR6 WG Il Annex I

The areal extent of an individual city
material associations and economic
political influence. The city region conce
accepts that rural livelihoods and land u Climate
City Region can be incorporated within the function| . IPCC AR6 WG Il Annex Il
- . . - Risk
activities of a city. This will inclug
dormitory settlements, sources for critic
inputs of water, some food, and was

disposal.
o . A changing aspect of the climate syst| ..
Cllr_natlc Dr|_ver that influences a component of a humi; C!lmate IPCC AR6 WG Il Annex I
(Climate Driver) Risk

or natural systemSeeNon-climatic driver
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Climaticimpact drivers(CIDs) are physic]
climate system conditions (e.g., mea
events, extremes) that affect an eleme
Climatic Impaet of society or ecosystems. Depending | Climate
drivers (CIDs) system tolerance, CIDs and their chan| Risk
can be detrimental, beneficial, neutral, ol
mixture of each across interacting systt
elements and regions.

IPCC AR6 WG Il Annex Il

The communitgomprises groups of actol
(e.g. individuals, organizations, busines
that share a common identity or intereg
The concept of community is dynamic g
multi-layered includinghe community as ¢
placebased concept (e.g. inhabitants o
flooded neighborhood), as a virtual a| Social
communicative community  within | sciences
spatially extended network (e.g. membg
of crisis management in a regipand/or
as an imagined community of individuj
who may never have contact with ea|
other but who share an identity ¢
interest.

Kruse S., Abeling T., Deeming H., Fordham M., Forrester J.
Jilich S., Karancy N., Kuhlicke C., Pelling M., Pedoth L.,
Schneiderbauer S. (2017): Conceptualizing community
resilience to natural hazardshe emBRACE framework.
Natural Hazards and Earth System Sciences. Volume 17, p
2321-2333,https://doi.org/10.5194/nhes4 7-2321-2017,

2017.

Community
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Community of
interest

The interestbased conception @
community broadly refers to individua
coming together around a commg
concern or sentiment with which the
identify personally and collectively (lj
2022). The degree of integration

cohesiveness among members of

interest community can vary marked
based on the mode, frequency, al
intensity of interaction; levels of person
commitment; and perceptions of relatiy
closeness. Concerning spatially focusec
communities of interest, Keller (199
discusses the mobilization of grassro
political  action in  response f{
environmental disasters She introduce
the idea of an emergent interes
community among inhabitants living with
an area of contamination. The new
defined sociespatial boundaries of such
community can be tied to the interests
goals of those defining the situation. T
relative degree of solidarity is often view
Fa Iy AYRAOFG2NI 27
suggests that the communalization of
shared interest can facilitate soc|
relationships, cohesiveness, and ager
Messer, Shriver, and Adams (2015) cor
that community identification cal

Social
sciences

Suzanne Keller, Ecology and Community, 19 B.C. Envtl. Aff
Rev. 623 (1992),
http://lawdigitalcommons.bc.edu/ealr/vol19/iss3/16.
Ecology and Community (core.ac.uk)

Messer, C. M., Shriver, T. E., Adams, A.E. 2015. Collective
Identity and Memory: A Comparative Analysis of Community
Response to Environmental Hazards. Rural Sociology
80(3):314339. Collective Identity and Memory: A
Comparative Analysis of Community Response to
Environmental Hazarddesser- 2015- Rural Sociology
Wiley Online Library

Hoggett, P. (1997). "One: Contested communities". In
ContestedCommunitiesBristol, UK: Policy Press. Retrieved
Mar 20, 2023, from
https://bristoluniversitypressdigital.com/view/book/978144
7366

Ted K. Bradshaw (2008) The FRisice Community:
Contributions to the Debate about the Definition of
Community, Community Development, 39:41& DOI:
10.1080/15575330809489738
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influence how residents respond tq
environmental threats, including varig
aspects of participation, mobilization, a|
agency (pp. 31318). Alsp of relevance
KSNB NB aAyiliSyGaAz
Hoggett (1997) defines as a sense
commonality other than (though nc
necessarily exclusive of) place,

example, shared values, beliefs, g
practlces (p 8). Bradshaw (2008) coir
0dKS GSNNE ®IS2a02YY
designate a spatially dispersed network
people who share a sense of solidarity 4
identity (p. 5). Instead of focusing on plg
or common residence, he emphasizes t
the essential facet of community is tl
presence of social relations or bonds. Tl
conceived, community can exist in t
absence of place attachment, but n
without some collective sense |

belonging.
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The interestbbased conception 0
community pertains to groups of acto
who establish a collective identity bas
on their shared concerns, purposes, ¢
goals (Briard & Carter, 2013; Henri
Pudelko, 2003). What sets a community
interest apart is that its members mj
reside in disparate locationgnd have
sporadic or even absent contact, yet ¢
maintain a shared identity rooted in
common topic of interest. A community
interest can emerge within an existil
community of place, but it is formed bas;
Community of on additional elements beyond the me
interest (as used in| sharing of physical space. For instar]
TS3, WP4, task 4.1 Keller introduces the concept of residel
in a contaminated area who strength¢
their connections due to a shared conce
(Keller, 1992)Before the disaster, these
residents only had a common identi
rooted in their shared location. Howevg
after the disaster, they developed shar|
concerns and a collective determination
mobilize and address the challenges po
by the disaster. In this scenario, rallyi
around a common issue has fostered so
relationships and agency among t
affected community members. Addition
examples of a community of interests ¢

Henri, F., & Pudelko, B. (2003). Understandingaaati/zing
activity and learning in virtual communities: Activity and
learning in virtual communitiedournal of Computer
Assisted Learning9(4), 474487.
https://doi.org/10.1046/j.02664909.2003.00051.x

Social
sciences | Briard, S., & Carter, C. (2013).

Communities_of Practice_Interest.pdf. OntaZientreof
Excellence for Child and Youth Mental Health.
https://www.niagaraknowledgeexchange.comAwvp
content/uploads/sites/2/2014/05/Communities_of Practice
_Interest.pdf
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individuals who share the same occupat
(e.g., farmers, rangers, businessmen, i
fishermen) as well as individuals who sh
common concerns, needs, or objectiy
related to a specific topic or context (e.
students, members of religious grouj

landowners, women, people  wit
disabilities, indigenous minoritie
representatives  of civil  protectio

associations, and civil society actors).

Community of placg

The placebased view ofthe community
offers an image of people livingarbyand
going about their daily affairs in ways tH
bring them into regular contact with on
another (ljaz 2022). Propinquity provid
opportunities for community members {
develop social networks through whi
they can access information, resourc
and support Sustained interactions withi
a shared space can, in turn, influen
identity formation such that resident
come to think of themselves as membg
of a community (Miller, 1992). It is all
possible to conceive of a community aj
GFdzy OG A2y f NBE3IA 2
O2yaidAaiddziSR o0& f2¢
and actions (Morgan & Moss, 1965,
349).

Social
sciences

ljaz, M. 2022. Communities of place, interest, and
Communion. Social work. Communities of place, interest,
and Communionspcial worlpk)

Byron Miller (1992) Collective Action and Rational Choice:
Place, Community, and the Limits to Individuatigtdfest,
Economic Geography, 68:1,-22, DOI: 10.2307/144039
Morgan, W. B., Moss, R. P. 1965. Geography and ecology:
the concept of the community and its relationshighe
environment. Annals of the Association of American
Geographers, 55(2):33560. DOI: 10.1111/j.1467
8306.1965.th00522.x
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A group of individuals who share
common physical or online space as |
primary basis of their connection af
interaction (Christenson & Jerry W, 198
A community of place emerges wh
individuals, due to their shared physif
presence or frequenting of a speci

Community of place space, develop a collective identity & Miller, B. (1992). Collective Action and Rational Choice:
. P perceive themselves as members of| Social Place, Community, and the Limits to IndividuaH&#dfest.
(as used in TS3, . . o ; .
WP4, task 4.1) community (Mlller_, _199_2). The transiti¢ sciences Economlc_ Geograph§g8(1), 22.

’ ’ from merely coexisting in the same spd https://doi.org/10.2307/144039

to sharing a common identity occurs
individuals in the community of place al
share social experiences, meanings, |
actions. Examples of a community of pl;
are individuals who live in the same urh
neighborhood or residents of a remo|
mountain settlement.

Members of a community of practice a
informally bound by what they do togethi
and by what they have learned throu
their mutual engagement in thes
activities Wenger 1998). A community ¢
practice is thus different from

community of interest or a geographic
community, neither of which implies
shared practice. A community of practi
defines itself along three dimensior
1. What it is about: its joint enterprise |

Wenger, E. 1998. Communities of practice: learning as a
Social social system. Systems thinker, 9(5). The Systems Thinker
sciences Communities of Practice: Learning as a Social SySteen

Systems Thinker

Community of
practice
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understood and continually renegotiate
by its members
2. How it functions: the relationships
mutual engagement that bind membe
together into a social entity
3. What capability it has produced: tl
shared repertoire of communal resourc
(routines, sensibilities, artifact
vocabulary, styles, etc.) that membe
have developed over time. Communities
practice develop around things that matt
to people. As a result, their practic|
NEFE SOG GKS YSYoS
what is important.

Community of
practice (as used in
TS3, WP4, task 4.1

Building on the definition given by tt
sociallearning theorist Etienne Wenger,
community of practice consists of
heterogeneous group of actors (e.
individuals, associations, governmen
and nongovernmental agencies and
organizations) that share a commor
interest or concern- the domain, and
collaborate to manage and address
(Etienne, 1998). The actors that compd
the community operate as a networ
fostering  regular interactions an
establishing relationships among

members. Wassermann and Faust defin
social network as a collection of actc

Social
Sciences

Wenger, E. 1998. Communities of practice: learning as a
social system. Systems thinker, 9(5). The Systems ThQinker
Communities of Practice: Learning as a Social SySieen

Systems Thinker
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(individuals, groupsor organizations) an
the relationships that exist between ther
relational ties are channels ftre transfer
of resources, skills and knowledge
(Wasserman & Faust, 1994). The activi
conducted within a community of practic
extend beyond the routine tasks at
established responsibilities of actors' dé
work or personal lives. Instead, activit|
are understood as new practice@swhich
community members gradually jointl|
learn how to perform. A community (
practice defines itself in doing, meani
that activities in which members enga
are not predefined preinstitutionalized
or formalized. Through their collaboratio
community members engage in

collective learning process to enhan
their skills and deepen their knowledge
better act within the domain. Through
process of social learning, participar]
understanding of a particular doma
evolves as they engage in interactions v
others, transcending individui
perspectives and becoming embedd
within a larger social framework (Reed
al., 2010). A community of practios
distinguished from a community of

interests or of place, neither of whi
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implies a shared practicén example of &
community of practice in the realm of DI
and CCA is a network of actd
(comprising, citizens, researchers fr(
diverse disciplines- including climate
scientists, urban planners, ar
agronomists policymakers, communit
leaders and NGOs) that organize regu
meetings, workshops, and knowled(
sharing events to enhance the resilier|
and preparedness of a certain territory
response to climateelated risks within
their specific geographical context.

Communitybased
adaptation

Local, communitgdriven  adaptation.
Communitybased adaptation focuse
attention on empowering and promotin
the adaptivecapacity of communities. It |
an approach that takes context, cultut
knowledge, agencyand preferences o
communities as strengths.

Social
Sciences

IPCC AR6 WG Il Annex |l

Communitybased
adaptation

Communitybased adaptation (CBA) is
empowermentbased  approach  tha
encouragessommunitylevel leadership in
assessing risks, planning  strateg|
prioritizing the use of investmer
resources, implementing measures, &

monitoring the results of climate chan(

Social
Sciences

Mfitumukiza, D., A. S. Roy, B. Simane, A. Hammill, M. F.
Rahman, S. Hug. 2020. Scaling local and comrvhassd
adaptation. Global Commission on Adaptation Background
Paper. Rotterdam and Washington, DC. Available online at
www.gca.org/globatommissiormon-
adaptation/report/papers
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adaptationrelated interventions.  Th
approach targets communities as a whg
people who live in a defined administrati
unit, share a common culture, values, g
norms, or are exposed to shared shoi
and stresses. CBA involves the use
participatory processes to engage a
empower community members to bui
close partnerships with local governmen
and to strengthen community leadersh
and local capacities.

Compound risks

Compound riskarise from the interactior
of hazards which may be&haracterizedy
single extreme events or multip
coincident or sequential events th|
interact with exposed systems or sectorg

Climate
Risk

IPCC AR6 WG Il Annex Il

Compound
weather/climate
events

¢KS GSN¥a wO2 YL dzy
SEGNBYYERD wO2 Y LR dzy
SPSyiaQ | NB dzaSR
literature and this report and refer to th
combination of multiple drivers and/(
hazards thatcontribute to societal and/or]
environmental risk (Zscheischler akt
2018).

Climate
Risk

IPCC AR6 WG Il Annex |l

Confidence

40082y TARSYOS RSY
expectation of receiving trustworth
information from a person or a
AyadAaddziazyé

In general terms, confidence tends to

Social
Sciences

Renn, O., & Levine, D. (1991). Credibility and trust in risk
communication (pp. 17217). Springer Netherlands.
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usedaboutthe perceived technical ability
scientific competence of risk managers ¢
risk-controlling institutions in providing
reliable assessment and solutions to ri
Confidence enhances cognitive inferer
2y 2G0KSNDA& FoAftAd
scientific/technical issues rather thar
affective ones.

Theoutcome of an everaffects
objectives.

NOTE 1 An event can lead to a range of
consequences.

.| Risk

Consequence NOTE 2 A consequence can be certain ¢\, | 1SO/FDIS 31000:2009(E)

uncertain and can have positive or ent

negative effects on objectives.

NOTE 3 Consequences can be expresse

qualitatively or quantitatively.

NOTE 4 Initial consequences can escals

through knoclon effects.

A sequence of logically chaini

propositions, having semantic cohesi( Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoz:

. compactness, and congruity, as well . G. (2023)Natural and anthropogenic risks: proposal for an

Consistent . . Social . ol . . )
reasoning logical _ _connect!on and lack | Sciences interdisciplinary g_Iossaryallan Journal of Engineering

contradiction, which are developed | Geology and Environment, (1318.

support  possible actions that https://doi.org/10.4408/1JEGE.2023.001

decisionmaker is called to take
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Decreased integrity, size, efficien
(function), or conditions considered to |
advantageous or positive by a commun Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnos
resulting from an adverse ever .. G. (2023)Natural and anthropogenic risks: proposal for an
. N Climate . o . . .
Damage Depending on applications, damage can _. interdisciplinary glossaritalian Journal of Engineering
. : .| Risk ,
measured in different ways, usif Geology and Environment, (1318.
appropriate metrics for each type of ri https://doi.org/10.4408/IJEGE.2023.001
analysis. In this sense, damage may
physical or social.
The physical damage to an expos
element ca_lused by ~a natural Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnos
anthropogenic event may be regarded a N
: : ) . : G. (2023)Natural and anthropogenic risks: proposal for an
continuous or discrete variable. A discrg¢ Climate . o . . .
Damage Level . . ) . interdisciplinary glossaritalian Journal of Engineering
variable defines various damage levels { Risk :
rogressively include all  possik Geology gnd Environment, (13,18.
P . ‘ https://doi.org/10.4408/1IJEGE.2023.001
consequences than element at risk ma
sustain.
A description, including in terms Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnos:
probability, of the overall damage caus .. G. (2023)Natural and anthropogenic risks: proposal for an
. . : | Climate . o . . .
Damage Scenario | in a given geographic area by a sin _. interdisciplinary glossaritalian Journal of Engineering
: Risk )
natural or anthropogenic event taken ag Geology and Environment, (1§18.
reference scenario. https://doi.org/10.4408/1IJEGE.2023.001
Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoz:
. G. (2023)Natural and anthropogenic risks: proposal for an
Climate . o . . .
Danger Synonynof adverse event Risk interdisciplinary glossaritalian Journal of Engineering

Geology and Environment, (1§,18.
https://doi.org/10.4408/1IJEGE.2023.001
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Disaster

I WASNRA2dza RA & NHzLI
community or a society at any scale due
hazardous events interacting Wi
conditions of exposure, vulnerabilitgnd
capacity, leading to one or more of tl
following: human, material, economic ali
SY@ANRYYSyllf f2aa
2016). See also Exposure, Hazard, &isk
Vulnerability.

Climate
Risk

IPCC AR6 WG Il Annex Il

Disaster Risk

The likelihood over a specifigubriod of
severe alterations in the norm;
functioning of a community or a socie
due to hazardous physical ever
interacting  with  vulnerable  socii
conditions, leading to widespread advel
human, material, economic or
environmental effects that requir
immediate emergency response to satil
critical human needs and that may requ
external support for recovery.

Climate
Risk

IPCC AR6 WG Il Annex Il

Disaster Risk
Management
(DRM)

Processes for designing, implementi
and evaluating strategies, policieand
measures to improve the understanding
current and future disaster risk, fost
disaster risk reduction and transfer, a
promote continuous improvement i
disaster preparedness, prevention a
protection, response and recove

practices, with the explicit purpose

Climate
Risk

IPCC AR6 WG Il Annex Il
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increasing human security, wbking,
quality of life and sustainable developme
(SD).

Disaster Risk
Reduction (DRR)

Denotes both a policy goal or objective &
the strategic and instrumental measur
employed for anticipating future disast
risk; reducing existing exposure, hazand
vulnerability; and improving resilience.

Climate
Risk

IPCC AR6 WG Il Annex Il

Disaster Risk
Reduction (DRR) (¢
used in TS3, WP2,
task 2.1)

Denotes both a policy goal or objective &
the strategic and instrumental measur
employed for preventing, preparing fd
responding toand recoveringfrom future
disaster risk; reducing existing exposu
hazard or vulnerability; and improvin|
resilience.

Climate
Risk

IPCC AR6 WG Il Annex Il

Driver

It encompasses both natural and hum:
induced factors, processes, or conditic
that result in a direct or indirect alteratio
of a system. Examples include clim|
change, uncontrolled urbanizatio
physical vulnerability of infrastructure |
natural disasters, limited emergen|
response plans, and early warning syste

Climate
Risk

IPCC AR6 WG Il Annex Il

Early Warning
Systems (EWS)

The set of technical and institution
capacities to forecast, predjct and
communicate timely and meaningf]
warning information to enable individual
communities, managed ecosystemand

organizationsthreatened by a hazard t

Climate
Risk

IPCC AR6 WG Il Annex Il
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prepare to act promptly and appropriate
to reduce the possibility of harm or log
Dependent upon context, EWS may dr
upon scientific and/or indigenoy
knowledge, and other knowledge type
EWS is also considered for ecologic
applications, for examplén conservation,
where the organization itself is not
threatened byhazardsbut the ecosystem
under conservation is (e.g., coral bleach
alerts), in agriculture (e.g., warnings
heavy rainfall, drought, ground frosind
hailstorms) and in fisheries (e.g., warnif
of storms, storm surgesand tsunamis)
(UNISDR 2009; IPCC, 2012a).

Earth System
Models

A coupled atmosphereocean general
circulation model (AOGCM) in which
representation of the carbon cycleis
included, allowing for interactiv
calculation of atmosphericarbon dioxide
(CO2)or compatible emissions. Addition
components (e.g., atmospheric chemist
ice sheets dynamic vegetation, nitroge
cycle, but also urban or crop models) n
be included.

Climate
Risk

IPCC AR6 WG Il Annex Il

Economic Loss

A measure of the expected direct
indirect economic losses of the elemel
exposed to an adverse event. A dir

economic loss is associated with phys

Climate
Risk

Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoj
G. (2023)Natural and anthropogenic risks: proposal for an
interdisciplinary glossaritalian Journal of Engineering
Geology and Environment, (1318.
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damage or with the cogif reinstating the
function of an element. An indire
economic loss is the cost deriving from 1
reduced services and/or productivity of tl
damaged element, e.g. deterioration
health care, communication, and oth
services, reduction of tourist flows ai
production volumes, loss of clients a
suppliers

https://doi.org/10.4408/IJEGE.2023.001

Ecosystem Service

Ecological processes or functiotsve
monetary or noAmonetary value tg
individuals or society at large. These
frequently classified as (1) supporti
services such as productivity or biodivers
maintenance, (2) provisioning servid
such as food orfiber, (3) regulating
services such as climate regulation
carbon sequestration, and (4) cultul
services such as tourism or spiritual &
aesthetic appreciation.

Climate
Risk

IPCC AR6 WG Il Annex Il

Element at Risk

Human or natural elements (peopl
buildings, infrastructure, activities ar
movable assets, natural environment) tH
are present in the area exposed
potentially harmful events, whose stat
conditions, and/or function may b
damaged, altered, or destroyed by
adverse event that is assumed to be
reference event

Climate
Risk

Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoj
G. (2023)Natural and anthropogenic risks: proposal for an
interdisciplinary glossaritalian Journal of Engineering
Geology and Environment, (1318.
https://doi.org/10.4408/IJEGE.2023.001
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Event occurrence or change of a particul
set of circumstances.
NOTE 1 An event can be one or more
occurrences and can have several cause .
NOTE 2 An event can consist of someth Risk
Event : Managem | ISO/FDIS 31000:2009 (E), 2.19
not happening. ent
NOTE 3 An event can sometimes be
NEFSNNBR 2 la |y
NOTE 4 An event without consequences
Oy Ffaz2 o6S NBTFTSNN
GAYOARSYGeés aySI N
The spatial and temporal pattern of tk
intensity of a specific natural ¢ Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnos:
anthropogenic event of an assign{ Risk G. (2023)Natural and anthropogenic risks: proposal for an
Event Scenario probability (taken as a reference scenar| Managem | interdisciplinary glossaritalian Journal of Engineering
Here, intensity defines a quanti ent Geology and Environment, (1318.
representing the severity of the adver https://doi.org/10.4408/1IJEGE.2023.001
eventat any pointin the area investigated
An inductive graphs used to analyzea
time series of events or subseque Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoj
consequences having a causal relationy Risk G. (2023)Natural and anthropogenic risks: proposal for an
Event Tree between them. The chances of a transitj Managem | interdisciplinary glossaritalian Journal of Engineering
from one event to the subsequent one c| ent Geology and Environment, (1318.
be evaluated by using an assigr https://doi.org/10.4408/IJEGE.2023.001
probability.
1) Exposure or risk exposure is a meas Climate
Exposure of the vulnerability of an urban system Risk IPCC AR6 WG Il Annex Il

its components to adverse even
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(negative impacts) or uncertainty. 2) T|
presence of people; livelihoods; species
ecosystems; environmental functior]
services, and resources; infrastructure;
economic, social, or cultural assets
places and settings that could be adverg
affected.

Exposure

Quantity and quality of elements at risk
a geographic area where an event
expected. Exposure may be identified
various ways, depending on the type of |
analysis adopted.

Climate
Risk

Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnos
G. (2023)Natural and anthropogenic risks: proposal for an
interdisciplinary glossaritalian Journal of Engineering
Geology and Environment, (1318.
https://doi.org/10.4408/IJEGE.2024.001

Ground Instability

Natural ground instability refers t
upward, lateral or downward strainand
angular distortions of the ground that ci
be caused by a range of natural geolog
hazardsThe magnitude of these strair
varies significantly depending onthe
intensity of triggering actions as well as
several othenatural constraints €.g.,
time-independent predisposing conditior
and timedependent preparatory factors|
Significant natural ground instability h
the potential to cause substantial dama
to some buildings and structures

Geological
Risk

https://www.thefreelibrary.com/High
Point+Rendel+qgiven+crucial+coast+add 31219552

Hazard

In a specific geographic area and a gi
timeframe  (reference  period), th
probability of occurrence of a potential

harmful natural or anthropogenic event

Climate
Risk

Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoz:
G. (2023)Natural and anthropogenic risks: proposal for an
interdisciplinary glossaritalian Journal of Engineering
Geology and Environment, (1318.
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an assigned intensity. The latter may https://doi.org/10.4408/IJEGE.2023.001
codified in various ways depending on 1
features of risk analysis.
The consequences ofealized risks on
natural and human systems, where rig
result from the interactions of climatg
related hazards (including extren
weather/climate events), exposure, al
vulnerability. Impacts generally refer Climate
Impacts effects on lives, livelihoods, health a Risk IPCC AR6 WG Il Annex Il
wellbeing, ecosystems and specil
economic, social and cultural assets
services (including ecosystem servici
and infrastructure. Impacts may K
referred to as consequences or outcon]
and can be adverse or beneficial.
e . Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoz:
The quantification of the overall potenti NN
. G. (2023)Natural and anthropogenic risks: proposal for an
damage and losses that a reference ev| Climate . Tl . . .
Impacts : ; . interdisciplinary glossaritalian Journal of Engineering
may generate in the same area and in a| Risk :
timeframe Geology and Environment, (131%8.
' https://doi.org/10.4408/IJEGE.2024.001
Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoj
Intensity of an A variable representing thg severity of Climate G (2923)!\!atural and anthropogenlc risks: prpposgl for an
adverse event at each point of the ar _. interdisciplinary glossaritalian Journal of Engineering
Adverse Event - S Risk :
being investigating Geology and Environment, (1318.
https://doi.org/10.4408/1IJEGE.2023.001
Key risks have potentially severe adve Climate
Key Risks consequences for humans and soc Risk IPCC AR6 WG Il Annex Il

ecological systems resulting from t
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interaction ofclimaterelated hazards with
vulnerabilities of societies and systel
exposed.

Chance of something happening.

NOTE 1 In risk management terminology
GKS @g2NR aGfA]1StAK?2
the chance of something happening,
whether defined, measuredr

determined objectively or subjectively,
gualitatively or quantitatively, and
described using general terms or
mathematically (such as a probability or
frequency over a giveperiod). Risk
Likelihood Managem | ISO/FDIS 31000:2009(E)
bh¢9 W ¢KS 9y3fAaK|ent
not have a direct equivalent in some
languages; instead, the equivalent of the
GSNY GLINPoOlFOAfAGRE
AYy 9y It AAKZ 4GLINROI
interpreted as a mathematical term.
Therefore, in risk management
GSNX¥Ay2ft23es afAls
intent that it should have the same broad
AYGSNLIINBGEFGAZ2Y | a
has in many languages other than Englig

Mitigation (of A human intervention to reduce emissio Climate

Climate Change) | or enhance the sinks of greenhouse gas{ Risk IPCC AR6 WG Il Annex |l
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In climate policy, mitigation measures ¢
Mitgation Contibute. 10 mitgation, for exampi Climate
Measures (of gation, for. P~ IPCC AR6 WG Il Annex Il
. renewable energy technologies, wag Risk
Climate Change) L .
minimization processes, and publi
transport commuting practices.
An assessment of the probabilities
occurrence of adverse events of a differg Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnos
. nature. These events, wheth( . G. (2023)Natural and anthropogenic risks: proposal for an
Multi-Hazard . Climate . o . . .
Assessment concatenated or not, and with n Risk interdisciplinary glossaritalian Journal of Engineering
chronological relationship, threaten th Geology and Environment, (1318.
same elements at risk in a giv https://doi.org/10.4408/1IJEGE.2023.001
geographic area.
An assessment, in the same geograj
area, of the overall risk arising from
series of possible adverse events and ti
interactions with the different specifi
vulnerabilities of the exposed elements|
mUItH'Sk. approach implies a multazard Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnos:
perspective and dynamic mulf _. N
C . . Risk G. (2023)Natural and anthropogenic risks: proposal for an
Multi-Risk vulnerability. This includes events th . o . . .
. Managem | interdisciplinary glossaritalian Journal of Engineering
Assessment occur simultaneously or follow or :
ent Geology and Environment, (1§18.

another within a short time because thi
depend on one another, because they i
caused by the same triggering event
danger (cascading events), or because {
threaten the same elements at ri
(vulnerable/exposed elements) witho

any temporaktoincide

https://doi.org/10.4408/IJEGE.2023.001
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New Urban Agende

The New Urban Agenda was adopted
the United Nations Conference on Hous
and Sustainable Urban Developme
(Habitat 1ll) in Quito, Ecuador, on
October 2016. It was endorsed by t
United Nations General Assembly at
68" plenary meeting of the P1session on
23 December 2016.

Climate
Risk

IPCC AR6 WG Il Annex Il

Non-climatic driver
(Nonclimate
driver)

An agent or process outside the clims
system that influences a human or natu
system.

Climate
Risk

IPCC AR6 WG Il Annex Il

Pathway(s)

The temporal evolution of natural and/s
human systems towards a future staj
Pathway concepts range from sets
guantitative and qualitative scenarios
narratives of potential futures to solutiol
oriented decisiormaking processes
achieve desirable societal goals. Pathy
approaches typically focus on biophysi(
techno-economi¢ and/or sociobehavioral
trajectories and involve various dynami
goals and actors across different scalg

See also Scenario.

Climate
Risk

IPCC AR6 WG Il Annex Il
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Physical Damage

A measuref the quantitative or functiona
reduction of the state of elements at rif
before an adverse event. For instang
physical damage to buildings a
infrastructure can be assessed in discr
terms by estimating the damage ley
reached, or in continuous terms by usi
an appropriate metric that associat
damage with a continuous variabl
Physical damage to people is gener
assessed,continuously or discretelyby
considering the number of people Kill¢
and injured
See "Damage”

Climate
Risk

Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnos
G. (2023)Natural and anthropogenic risks: proposal for an
interdisciplinary glossaritalian Journal of Engineering
Geology and Environment, (1318.
https://doi.org/10.4408/IJEGE.2023.001

Preparedness

The knowledge and capacities develoj
by governments, response and recovi
organizations, communities  and
individuals to effectively anticipaty
respond tq and recover from the impact
of likely, imminent or current disasters|
Preparedness actions are carried ¢
within the context of disaster rig
management/reduction, based on disas]
risk assessments, connected with eg
warning systems, andnclude activities
such as contingency planning a

associated training and field exercises.

Risk
Managem
ent

UNDRR, 2017
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Activities and measures to avoid exist
and new disaster risks, typically with| _.
longterm perspective and adopted iRISk
Prevention grerm perspectt acdop Managem | UNDRR, 2017
peacetime by implementing  both ent
structural and nosstructural measures
acting on the different risk components.
The restoring or improving livelihoods a
health, as well as economic, physiq
social, culturaland environmental asset| _.
systems and activities, of a disaste Risk
Recovery ystems Vtes,  of A5 \anagem | UNDRR, 2017
affected community or society, alignil
. - . ent
with  the principles of sustainabl
RS@St 2 LIY ®uylding & ly&R] &6
to avoid or reduce future disaster risk.
An adverse evenis taken as a referenc Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnos:
for defining a specific damage and/| -, G. (2023)Natural and anthropogenic risks: proposal for an
) .| Climate . S . . .
Reference Event | impact scenario| . interdisciplinary glossaritalian Journal of Engineering
See "Adverse event" and "Event" Geology and Environment, (131%.
https://doi.org/10.4408/IJEGE.2023.001
Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoj
Risk G. (2023)Natural and anthropogenic risks: proposal for an
Reference Period | The timeframe considered by risk analys Managem | interdisciplinary glossaritalian Journal of Engineering
ent Geology and Environment, (1318.

https://doi.org/10.4408/IJEGE.2023.001
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The risk related to climate change impa
remains  following adaptation an
mitigation efforts. Adaptation actions cd Climate
Residual Risk redistribute risk and impacts, wit Risk IPCC AR6 WG Il Annex Il
increased risk and impacts in some arj
or populations, and decreased risk a
impacts in others.
The ability of a system, community
society exposed to hazards to resist, UNISDR (https://www.undrr.org/terminology)
absorb, accommodate, adapt to, . . >
American Psychological Association (20R@ist. In APA
transform and recover from the effects o o
a hazard in a timely and efficient mannel Dictionary of Psychology.
) : : Ellis, W., Dietz, W. H., & Chen, K. D. (2022). Community
including through the preservation and N . . :
: ; . : Resilience: A Dynamic Model for Public Health 3.0. Journal
restoration of its essential basic structurg : L
) : public health management and practice: JPHMP, 28(Suppl
and functions through risk management. 1), S18526
On the psychological level, resilience https://doi.org/10.1097/PHH.0000000000001413
AYRAOIUSa GauUuKS LINR :
. g . Norris, F. H., Stevens, S. P., Pfefferbaum, B., Wyche, K. F.,
. successfully adapting to difficult or Social . .
Resilience 7 . . . Pfefferbaum, R. L. (2008). Community resilience as a
challenging life experiences, especially | Sciences

through mental, emotional, and behavior
flexibility and adjustment to external and
AYGSNYyLt RSYlFYyR&E
Association, 2023).

Several factors contribute to how
individuals adapt to adversities, with bot}
personal and social factors involved: on |
one side, a critical role is played by
AYRADARdZ £ aQ @OASH

world; on the other side, resilience is alst

metaphor, theory, set of capacities, and strategy for disaste
readiness. American journal of community psychology-41(J
2), 12°¢150. https://doi.org/10.1007/s1046807-9156:6
Pfefferbaum, R. L., Pfefferbaum, B., Van Horn, R. L., Klomp
R. W., Norris, F. H., & Reissman, D. B. (2013). The
Communities Advancing Resilience Toolkit (CART): an
intervention to build community resilience to disasters.
Journal of public health management and practice: JPHMP,
19(3), 25@258. https://doi.org/10.1097
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function of the quality and availability of
social resources.

In this respect, community resilience has
emerged as a critical construct to suppot
and foster healthy adaptation at the
individual and community levels (as
evidenced by globally high levels of men
and behavioral health and quality of life)
the aftermath of disasters (Pfefferbaum ¢
al., 2013). Community resilience emergg
from primary sets of adaptive capacities,
such as economic development, social
capital, information and communication,
and community competence, which
function in the face of unknowns and
together provide a strategy for disaster
readiness (Norris et al., 2008).

Thus, community resilience is relational,
it involves actual and coordinated
interactions among different actors, and
placebased, as it varies on specific
demographical, historical, jurisdictional
and economic features characterizing thi
community's residentéEllis et al., 2022).
Given the specificity of community
resilience development in different
contexts, decisiomaking skills, flexibility,
cooperation, and trusted sources of

information are central features for its
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building and restoration (Pfefferbaum et

al., 2013).

For a system, community, or socie

exposed to risks, the possibility

withstanding, coping with, adapting t Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoj

changing, and recovering from the effes . G. (2023)Natural and anthropogenic risks: proposal for an

. : . . .| Social . ol . . )

Resilience of a harmful event in a timely and efficie Sciences interdisciplinary glossaritalian Journal of Engineering

manner, including through th| Geology and Environment, (13,18.

preservation and restoration of i https://doi.org/10.4408/1IJEGE.2023.001

essential basic structures and functions

risk management

In disaster research, the resilience conc

bridges theory and practice ar

emphasizes the importance of communi

societal, and governance aspects Wyss R., Luthe T., Pedoth L., Schneiderbauer S., Adler C.,

reducing the risks and impacts Apple M., Erazo Acosta E., Fitzpatrick H., Haider J., Ikizer G
Resilience (disastel hazardous processes. With_in the contex Social Imperiale AJKaraqci N., _P_osch E., Saidmamato_v O., Thaler

- the DRR discourse, resilience does . T. (2022). Mountain Resilience: A Systematic Literature

resilience) Sciences

mean bouncing back to a pexent state.
Instead, it denotes the capacity of syste
to move forward by modifying the
internal dynamics and recombining th¢
structures and processes for positi

transformation and change towat

Review and Paths to the Future. Mountain Research and
Development. 42(2), A2336.
https://doi.org/10.1659/MREJOURNAD-21-00044.1
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enhanced DRR at all levels of soc
(Manyena 2009; Koontz et al 2015; Pell
et al 2015; Imperiale and Vanclay 2016a

Response

Actions taken directly before, duringr
immediately after a disastdo save lives
reduce health impacts, ensure pub
safety and meet the basic subsisteni
needs of the people affected. TI
institutional elements of response ofte
include the provision of emergen(
services and public assistance by pu
and private sectors and communi
sectors, as well as community a
volunteer participation.

Risk
Managem
ent

UNDRR, 2017

Return Period

A return period of x time units, also knoy
as a recurrence interval (sometimes reps
interval) is an estimate of the likelihood
an event, such as aarthquakeflood

[1], landslide[2], rainfall intensity, aver
discharge flovor any observable, to occt
(or be overcome) on average every X ti
units. It is a statistical measureme
typically based on historic data denoti
the average recurrence interval over

extendedperiodand is usually used for rig

Risk
Managem
ent

http://abouthydrology.blogspot.com/2017/10/retufn
period 25.html
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analysis (e.gto decide whether a projec
should be allowed to go forward in a zo
of a certain risk or to design structures
withstand an event with a certain retu
period). The following analysis assun
that the probability of the event occurrin
does not vary over time and
independent of past events.

Risk

The potential for adverse consequeng
for human or ecological systemn
recognizingthe diversity of values an
objectives associated with such systemsg
the context ofclimate changgerisks can
arise fromthe potentialimpactsof climate
changeand human responses to climat
change. Relevant adverse consequen
include those on livedjvelihoods health
and welktbeing economic, social and
cultural  assets  and investment
infrastructure, services (includir]
ecosystem servicgs ecosystems and
species.

In the context of climate change impac
risks result from dynamic interactiol
between climaterelated hazards with th¢
exposure and vulnerability of the affects
human or ecological system to tf
hazards. Hazards, exposure and
vulnerability may each be subject

Climate
Risk

IPCC AR6 WG Il Annex Il
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uncertainty in terms of magnitude ar
likelihood of occurrence, and each m
change over time and space due
socioeconomic changes and huma
decisionmaking (see also ris
management, adaptatigrand mitigation).
In the context of climate chang
responses, risks result from the potent
for such responses not achieving t
intended objective(s), or from potenti
trade-offs with, or negative sideffects on,
other societal objectives, such as t
Sustainable Development Goals (SO
(see also risk tradeff). Risks can arise, fi
example, from uncertainty il
implementation, effectiveness C
outcomes of climate policy, climatelated
investments, technology development
adoption, and system transitions.

Risk

Hfect of uncertainty on objectives

NOTE 1 An effect is a deviation from the
expectedt positive and/or negative.
NOTE 2 Objectives can have different
aspects (such as financial, health and
safety, and environmental goals) and cal
apply at different levels (such as strategi
organizatiorwide, project, productand

process).

Risk
Managem
ent

ISO/FDIS 31000:2009 (E), 2.1
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NOTE 3 Risk is often characterized by
reference to potential events (2.19) and
consequences (2.20), or a combination (
these.

NOTE 4 Risk is often expressed in terms
a combination of the consequences of at
event (including changes in circumstanc
and the associated likelihood (2.21) of
occurrence.

NOTE 5 Uncertainty is the state, even
partial, of deficiency of information relate
to, understandingor knowledge of an
event, its consequence, or likelihood.

Risk

A measure of the negative effects (in ter|
of damage, possibly including relat
losses) caused by adverse eventsinag
reference period and a certain geograp|
area. It may be expressed as {
probability that, in the same period,
given level of damage and consequ
losses (to/of people, building|
infrastructure, economy, etc.) is reachg
or as an expected level damage, alway;
in the same period. Risk should

understood as a cumulative assessm
considering the overall potential damaj
that maybe induced by different events ¢
the same nature (seismic, volcan

hydrogeological, etc.) in a set timeframe

Climate
Risk

Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoj
G. (2023)Natural and anthropogenic risks: proposal for an
interdisciplinary glossaritalian Journal of Engineering
Geology and Environment, (1318.
https://doi.org/10.4408/1IJEGE.2023.001
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Risk Analysis

process to comprehend the nature of ri
and to determine the level of ris|
NOTE 1 Risk analysis provides the basi
risk evaluation (2.26) and decisions ab|
risk treatment (2.27)
NOTE 2 Risk analysis includes
estimation.

Risk
Managem
ent

ISO/FDIS 31000:2009(E), 2.23

Risk Analysis

Procedure to quantify risto inform and
justify decisions aimed aiptimizing the
planning and management of emergenc
and developing political strategies for ri
prevention and/or mitigation

Risk
Managem
ent

Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnos
G. (2023)Natural and anthropogenic risks: proposal for an
interdisciplinary glossaritalian Journal of Engineering
Geology and Environment, (1318.
https://doi.org/10.4408/IJEGE.2024.001

Risk Assessment

The qualitative and/or
scientific estimation afisks

quantitativ

Climate
Risk

IPCC AR6 WG Il Annex |l

Risk Driver

Risk drivers are processes or conditi
that influence the level of disaster risk
increasing levels of exposure &
vulnerability or reducing capacity. The
include climate change, urbanizatic
environmental degradation, the changil
security paradigm, and technologiq
developments.

Climate
Change

https://civil-protectionknowledgenetwork.europa.eu/et!
overviewrisks

Risk Evaluation

risk evaluation process of comparing the
results of risk analysis with risk criteria td
determine whether the risk (2.1) and/or i
magnitude is acceptable or tolerable

NOTE Risk evaluation assists in the dec|

about risk treatment (2.27).

Risk
Managem
ent

ISO/FDIS 31000:2009(E), 2.26
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Risk governance

G¢KS O2yOSLIi 2F N
a broad picture of risk: not only does it
Ay Of dzZRS 6KI G KIF& o
Y y I 3SYS yanalyseaogit SR
looks at how riskelated decisiormaking
unfolds when a range of actors is involve
requiring ceordination and possibly
reconciliation between a profusion of
roles, perspectives, goadnd activities.
Indeed, the problensolving capacities of
individual actors, be they government, th
scientific community, business players,
NGOsor civil society as a whole, are
limited and often unequal to the major
challenges facing society today. Risks st
as those related to increasingly violent
natural disasters, food safetyr critical
infrastructures call for coordinated effort
amongst a variety of players beyond the
frontiers of countries, sectors, hierarchic;
levels, disciplinegand risk fields. Finally,
NAa] 3I20SNYIFyOS I f
context by taking account of such factorg
as the historical and legal background,
guiding principles, value systems and
perceptions as well agganizational
AYLISNI GAQBSadé 0LIOM
GwAal D2OSNYyIyoOoSy

actors, rules, conventions, processes, ar

Social
Sciences

IRGC (2005) white paper on RISK GOVERNANCE TOWAR
AN INTEGRATIVE APPROACH (p. 11)

Aven, T., Renn, O., (2010) Risk Management and
Governance: Concepts, Guidelines and Applications,
Springer Heidelberg Dordrecht London New York
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mechanisms concerned with how releval
risk information is collectednalyzedand
communicated and management decisio
are taken. Encompassing the combined
riskrelevant decisions and actions of bot]
governmental and private actors, risk
governance is of particular importance in
but not restricted to, situations where
there is no single authority to take a
binding risk management decision but
where instead the nature of the risk
requires the collaboration and
coordinationbetween a range of different
stakeholders. Risk governance however
not only includes a multifaceted,
multifactorrisk process but also calls for
the consideration of contextual factors
such as institutional arrangements (e.g.
the regulatory and legal framework that
determines the relationship, roleand
responsibilities of the actors and
coordinationmechanisms such as market
incentivespr selfimposednorms) and
political culture including different
LISNOSLIiA2ya 2F NRA
GOweAal F2OSNYEFyOS
actors, rules, conventions, processes, ar
mechanisms concerned with how releval

risk information is collecte@nalyzedand
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communicated and management decisio
are taken. Encompassing the combined
riskrelevant decisions and actions of bot]
governmental and private actors, risk
governance is of particular importance in
but not restricted to, situations where
there is no single authority to take a
binding risk management decision but
where, instead, the nature of the risk
requires the collaboration of and-co
ordination between a range of different
stakeholders. Risk governance however
not only includes a multifaceted, muilti
actor risk process but also calls for the
consideration of contextual factors such
institutional arrangements (e,dhe
regulatory and legal framework that
determines the relationship, roleand
responsibilities of the actors and-co
ordination mechanisms such as markets
incentives or selimposed norms) and
political culture, including different
LISNOSLIiA2ya 2F NRA
50)

G¢KS GSNXY NRA|l 320
only the governmental actions taken
towards the mitigation or prevention of
risk consequences but the whole interplg

of all relevant actorg and all actions that
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are undertaken to handle risks. The
integration of so many different views
interests, valugsand norms creates a ver!
complex structure, which is difficult to
comprehend for the public and large part
of the affected groups as welloensure
the functioning of such a complex and
interdependent formation, where direct
links between the different parties and
tasks are often absent or too weak due t
international

or global dimensions of the risk problem;
some general principles have to be set u
to support a governance process with
outcomes that are accepted or at least
G2t SN 6 SRpe 0! @Sy

Process of finding, recognizirand
describing risks.

NOTE 1 Risk identification involves the
identification of risk sources (2.18), even

. : . Risk
Risk identification g)rfgq L“f;i‘;i‘éeé’}?)d their potential |\ nagem | ISO/FDIS 31000:2009(E), 2.17
NOTE 2 Risk identification can involve ent
historical data, theoretical analysis,
informed and expert opinions, and
stakeholder(2.15) needs.
. . .| Risk
Risk Owner person or entity with the accountabilt \\ o | 1SO/FDIS 31000:2009 (E), 2.9

and authority to manage the risk

ent
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Risk perception

G¢KS GSNY NRail LIS
tradition.1 The term denotes the proce
of collecting, selecting, and interpreti
signals about uncertain impacts of ever
FOGAGAGASAT 2N 4GSO

Social
Sciences

Wachinger, G., Renn, O., Begg, C., & Kuhlicke, C. [@d3).
risk perception paradaximplications for governance and
communication of natural hazards. Risk analysis, 33(6),
10491065.

Scenario

A plausible description of how the futu
may develop based on a coherent a
internally consistent set of assumptio
about key driving forces (e.g., rate
technological change (TC), prices) i
relationships. Note that scenarios &
neither predictions nofforecasts butare
used to provide a view of the implicatio
of developments and actions. See a
Pathways.

Climate
Risk

IPCC AR6 WG Il Annex |l

Scenario (Socio
economic)

A scenario that describes a possible fut
in terms of population, gross domes]
product (GDP), and other soe&conomic
factors relevant to understanding th
implications of climate change.

Climate
Risk

IPCC AR6 WG Il Annex |l

Social Damage

A measure of social disruption, in terms |
deterioration of social relations and
functions, that a natural or anthropogenif
event causes to a community in the shor
to medium term (i.e.homelessness).
See "Damage”

Social
Sciences

Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoj
G. (2023)Natural and anthropogenic risks: proposal for an
interdisciplinary glossaritalian Journal of Engineering
Geology and Environment, (1318.
https://doi.org/10.4408/1JEGE.2023.001
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stakeholder person or organization th
can affect, be affected by or percei ..
themselves to be affected by a decision Risk
Stakeholder activity Managem | ISO/FDIS 31000:2009 (E), 2.15
NOTE A decision maker can be ent
stakeholder.
Shepherd, Theodore G., Emily Boyd, Raphael A. Calel, San
C. Chapman, Suraje Dessai, loana M. ¥est, Hayley J.
physically selonsistent unfoldings of pas C26tSNE SiG Itd unmy® a{ G2 NF
events, or of plausible future events, th Representing Uncertainty in Physical Aspects of Climate
have been proposed as a way | KFy3aSodé [ AYkdhB55R71 KFHy3S wmy
. articulating the risk in such cases where| Climate https://doi.org/10.1007/s105849©18-2317-9.
Storyline il g
need to go beyond a purely probabilis| Risk
climate change perspective, with i Sillmann, Jana, Theodore G. Shepherd, Bart Van Den Hurk
emphasis on plausibility rather thé Wilco Hazeleger, Olivia Martius, Julia Slingo, and Jakob
probability. %aOKSAAO0OKE SN HAHM® da9OSyirT
/I TAYFGS wAialodé 9 NIKQa Cdzig
https://doi.org/10.1029/2020EF001783.
If, due to lack of adequate information, t
probability of occurrence of a given eve Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnos:
in a specific geographic area in t : G. (2023)Natural and anthropogenic risks: proposal for an
. : : Social . o . . )
Susceptibility reference period cannot be estimate] Sciences interdisciplinary glossaritalian Journal of Engineering

then the susceptibility of such area (i.e.
tendency to suffer a harmful event of &
assigned intensity) is assessed

Geology and Environment, (1§18.
https://doi.org/10.4408/1IJEGE.2023.001
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Renn, O., & Levine, D. (199%)edibility and trust in risk
GTrust is one major objective in ris communicatior{pp. 175217). Springer Netherlands.
communication and also a prerequisite 1 Siegrist, M. (2021). Trust and risk perception: A critical

Trust many other objectives, we need a bett ggi(gﬁlces review of the literature. Risk analysis, 41(3),-480.
understanding of the meaning ar Siegrist et al. (2005) Perception of risk: the influence of
AYLXE AOFGA2Yya 2F (K general trust, and general confidence, Journal of Risk

Research, 8:2, 14566.

Ge¢NXHza G Ay O2YYdzy A
generalized expectancy that a messq
received is true and reliable and that tl
communicatordemonstratescompetence
and honesty by conveying accura
202S8S0GA0ST YR 02Y
a better understanding of the function ¢
trust, it is a significant fact that trust ar
complexity  influence  each  othe
Trust (in (Luhmann, 1989). Trust is a mechanism| Social
communication) the reduction of complexity; therefore, | Sciences
enables people to maintain their capac
to act in a complex environment. At tk
same time, trust is needed to construci
more complex technical and soc
SYGANRYYSylGd 4!t F
consensus on its importance, there is
agreement among social scientists on h
to conceptualize trust (Cvetkovich a
Lofstedt, 1999).
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communication and also a prerequisite f(
YIye 20KSNI 26285004
Ly LlaeoOKz2f23&3% { NIz
or confidence in the dependability of American Psychological Association (2023). Trust. In APA
a2YS2yS 2NJ a2YSGKA Dictionary of Psychology.
Psychological Association, 2023). It Gillespie, N. (2012). Measuring trust in organizational
Ay @2t @Sa al LA OK2 context: an overview of survésased measures. In Lyon, F.,
the intention to accept vulnerability base| Mollering, G., & Saunders M. N. K (eds.) Handbook of
upon positive expectations of the Research Methods on Trust (pp. ¢¥88 ). Seattle, WA:
AyGSyaArz2zya 2N oSKI Edward Elgar.
(Rousseau et al., 1998, p. 395). McAllister, D. J. (1995). Affdzased and cognitichased
Trust is not a unitary concept, as it trust as foundations for interpersonal cooperation in
Trust (in necessarily involves a relationship betwe Social organizations. Acad. Manag. J. 38,581 10.2307/256727
a trustor and a trustee, independently . Renn, O., & Levine, D. (1991). Credibility and trust in risk
psychology Sciences

from the fact that the trustor and the
trustee are single individuals, a commun
of individuals, organizationar public
entities. The general models of trust in
psychology consider this relationship to
operationalize the concept of trust. Two
main models of trust might serve to
explain how this relationship operates.
DAff SALIASQa Y2RSf
trust includes two distinct yet
complementary components, that is,
reliance and disclosure. Reliance is defir]
as the willingness of the trusting party to

depend on drustee ands expressed

communication (pp. 17217).Springer Netherlands.
Rousseau, D. M., Sitkin, S. B., Burt, R. S., & Camerer, C.
(1998).Not so different after all: a crosbscipline view of
trust. Acad. Manag. Rev. 23, 8864.
10.5465/AMR.1998.926617

Siegrist, M. (2021). Trust and risk perception: A critical
review of the literature. Risk analysis, 41(3),-480.

Siegrist et al. (2005) Perception of risk: the influence of
general trust, and general confidence, Journal of Risk
Research, 8:2, 14566.
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Definition given, including if necess:
specific terminology used and reference
other glossary terms

Disciplines

Reference (authors, article/document title, year, publisher)

throughthe acceptance othe (i NHza 9
influence (e.g., by dependiog the

0 NHza G S S Qudgnien)disdosure ks
RSTAYSR |a G4KS { NXHz
disclose relevant information to the
trustee ands expressed through open
communication and sharing of ideas with
the trustee.

aO!lfftAadSNDRa Y2RSt
contrast, the cognitive and affective
dynamics involved in trust: according to
this model, trust is grounded upon the
GNYzZAGAY 3 LI NGASAQ
the trustee's skills and competence and
upon the emotional ties linking individual
in a given community.

To increase trust, it is thus imperative to
operate on bothi NXzal(y2 RNAIONIZ3
dynamics, communication, and reciprocg
relationships

Uncertainty

Scientificconceptsused in risk assessme
to describe all types of limitations

available knowledge at the time 4
assessment is conducted, with the agre
resources, that affect the probability f

possible outcomes to the assessment

EFSA
https://www.efsa.europa.eu/en/topics/topic/uncertainty
scientificassessments



https://www.efsa.europa.eu/en/topics/topic/uncertainty-scientific-assessments
https://www.efsa.europa.eu/en/topics/topic/uncertainty-scientific-assessments
https://www.efsa.europa.eu/en/topics/topic/uncertainty-scientific-assessments
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Term

Definition given, including if necess:
specific terminology used and reference
other glossary terms

Disciplines

Reference (authors, article/document title, year, publisher)

Urban

The categorizationof areas as 'urban’ b
government statistical departments
generally based either on population si
population density, economic bas
provision of services, or some combinati
of the above. Urban systems are netwo
and nodes of intensive interaction al
exchange including capital, culture, a
material objects. Urban areas exist or]
continuum with rural areas and tend |
exhibit higher levels of complexity, high
populations population density, intensit
of  capital investment, and
preponderance of secondary (processi
and tertiary (service) sector industries. T
extent and intensity of these featureary
significantly within and between urbg
areas. Urban places and systems are o
with  much movement and exchan
between more rural areas as well as otl
urban regions. Urban areas can be glob
interconnected facilitating rapid flow
between themc of capital investment, o
ideas and culture, human migration, a

disease.

Climate
Risk

IPCC AR6 WG Il Annex Il



https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Annex-II.pdf
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Term

Definition given, including if necess:
specific terminology used and reference
other glossary terms

Disciplines

Reference (authors, article/document title, year, publisher)

Urban Systems

Urban systems refer to two interconnecty
systems the comprehensive collections
city elements with multiple dimensior
and characteristics: a) encompass physi
built, socioeconomitechnical, political
and ecological subsystems; b) integri
social agent/constituency/processes w|
physical structure and processes; and
exist within broader spatial and tempot
scales and governance and institutiol
contexts; and second, the global systen
cities and towns.

Climate
Risk

IPCC AR6 WG Il Annex Il

Urbanization

Urbanizatioris a multidimensional
process that involves at least three
simultaneous changes: (i) land use chan
transformation of formerly rural
settlements or natural land into urban
settlements; (ii) demographic change: a
shift in the spatial distribution of a
population from rural to urban areas; anc
(iii) infrastructure change: an increase in
provision of infrastructure services
including electricity, sanitation, etc.
Urbanizatioroften includes changes in
lifestyle, culture, antbehavior and thus
alters the demographic, economic, and
social structure of both urban and rural
areas. (Stokes and Seto 2019; Seto et a
2014; UNDESA 2018)

Climate
Risk

IPCC AR6 WG Il Annex Il



https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Annex-II.pdf
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Annex-II.pdf
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References

- Stokes, E. C. and K. Seto. 2019:
Characterizing and measuring urban
landscapes for sustainability. in:
Environmental Research Letters 14.4:
045002. DOI: 10.1088/1748B26/aafab8
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Inaba, A. Kansal, S. Lwasa, J. E. McMal
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Settlements, Infrastructure and Spatial
Planning. In: Climate Change 2014:
Mitigation of Climate Change. Contributi
of Working Group Il to the Fifth
Assessment Report of the
Intergovernmental Panel on Climate
Change [Edenhofer, O., R. Pibtadruga,
Y. Sokona, E. Farahani, S. Kadner, K.
Seyboth, A. Adler, I. Baum, S. Brunner, |
Eickemeier, B. Kriemann, J. Savolainen,
Schlémer, C. von Stechow, T. Zwickel ai
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Press, Cambridge, United Kingdom and
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Definition given, including if necess:
Term specific terminology used and reference| Disciplines| Reference (authors, article/document title, year, publisher)
other glossary terms

Value or Value at Risk refers to the leve
significance of an object as perceived by
individual, quantified by its monetary vall
or other established measure.

Value

The propensity or predisposition to |
adversely affected. Vulnerabili
encompasses a variety of concepts ¢ Climate
elements, including  sensitivity  ( Risk
susceptibility to harm and lack of capag
to cope and adapt.

Vulnerability IPCC AR6 WG Il Annex |l

Vulnerability expresses the relationst
between the intensity of an adverse eve
the features of the elements at risk (asse
community, system, environment) thi
affect their behavior and the measure @
the damage resulting from the eve
(response). Uncertainty in assess
vulnerability is due to insufficier Versace, P., Zuccaro, G., Albarello, D., & Scarascia Mugnoj
knowledge of the features affecting th : G. (2023)Natural and anthropogenic risks: proposal for an
. . Social . o . . .
Vulnerability response and the possible effects on f{ Sciences interdisciplinary glossaritalian Journal of Engineering
elements exposed to an ever Geology and Environment, (1§18.

Vulnerability is defined in different wa) https://doi.org/10.4408/1IJEGE.2023.001

depending on the types of risk beil
assessed. In seismic risks, vulnerabilit
the probability that an element at ris|
belonging to a specifibehavioral class
(vulnerability class), experiences
exceeds a damage threshold (according
a predetermined scale of damage) up



https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_Annex-II.pdf
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specific terminology used and reference
other glossary terms
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Reference (authors, article/document title, year, publisher)

the occurrence of an event of an assigr
intensity. In flood risks, vulnerabili
expresses the expected damage to
elements at risk, the extent of damal
ranging from 0 (no damage) to
(destruction).
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AppendixC¢ Basic Notions obFOand OntoUMI2®

A diagram is composeaf concepts (represented by rectangular bgxaso calledclasses in some
modeling languagégsand relationships (represented by lines). Both concepts and relationships are
labeled. Both concepts and relationships are categorized using stereotypes (classes of OntoUML, for
example, Kind, Subkind, Ro#nd relationships (e.ggeneralization, material, characterization, formal,
component_of,sulcollectbn_of). Attributes are includedn classes, for instance, Population has two
attributesd y' I YS @ LI2 LIgzRI G ¥ 227 SN L2 Lddzf F GA 2y ¢ @

Relationship Notation/Description Example
Type
Association It is represented by a line with a lah
<<collective>>
(e.g., suffers, leads_to) and a stereoty Population 1o sufers . | <<siaion> | 0.0
. . - i Impact
(e.g., brings_about). Also, an associal | mser sepuaten :’a
can have a direction (called navigabili \M

leads_to

represented by an open arrow as se
in the selfassociation leads_to.

Sulollection_of | It is represented by a line with a wi
diamond at one end of the associatig Pﬁ':g:::’ . <<catogory>>
It has an optional label and th [name popuation |o>———oColectonOP? | Agent |

- - 1 -name_agent
OntoUML stereotype subCollectionOf| ~ [2eEpordaton] -

Material «Materiab> relations have materig
structure on their own and includ
examples such as employments, kisg
enrolments, flighd, connections and
commitments. Therelataof a material

relation are mediated by individua | -imisins> <<material>> e
that are called relators. Object atRisk | ~, . causes 1.+ | RiskObject
1. 10
Mediation We define a relation of Mediation» <<mediation>> <<relator>> | <<mediation>>
between a Relatop and the entitieg 1 ] -

it connectsMediation is a type
of existential dependenceslation (a
form of nonfunctionainherence)lt can
be derived from the relation betwee
therelataand thequa individiualghat
compose the relator and that inhere
the relata. A Relato» must mediate af
least two distinct individuals.

26 Someexcerpts were taken frorttps://ontouml.readthedocs.io/en/latest/intro/index.html


https://ontouml.readthedocs.io/en/latest/relationships/material/index.html#material
https://ontouml.readthedocs.io/en/latest/relationships/mediation/index.html#mediation
https://ontouml.readthedocs.io/en/latest/classes/sortals/relator/index.html#relator
https://ontouml.readthedocs.io/en/latest/classes/sortals/relator/index.html#relator
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Component_of | «ComponentOf» is a parthood relatig
between two complexes. Transitivi
holds for certain cases but not f A —ef B
others, it depends on context. TH
«ComponentOf» relation obeys th
weak supplementation principle (4
least 2 parts are required, may be
different types).Constraint: The classq
connected to both association ends
this relation must represent universg
whose instances are function
complexesExamplesthe car engine ig
part of a car.

Composition: B consists of one or more A's

Generalization | itis the process of extracting sharg
characteristics from two or moigasses| A — B
and combining them into a generalizg
superclass. Shared characteristics
be attributes, associations, or methoqg
In the example, Class B is a superc
and Class A B specialization dElass B
(orClass A is a kind of Class B).

Generalization: A“isakind of” B

Characterization| «Characterizatiom is a relation
between abearer typeand itsfeature

Feature is intrinsic (inherent) mome <<collective>>
of its bearer type, and thusxistentiall Foptlation <scharadterization>> <smode>>
Ype, y -name_population <1 “inheres, in T+ | Vulnerability

dependenbn the bearer. Feature ma  |-number_population
be stereotyped as@uality> or <Mode».
Featurecharacterizea bearer type (iff
every instance of bearer exemplifies t
feature.

Anotherimportant definition in conceptual modeling, is cardinaligrd@ality is a mathematical
term that refers to the number of elements in a set. In a model, cardinality defines how many instances of
one entity are related to instances of another entityis possible to set a minimum and maximum
cardinalityin an associatiofor each entity associated with.

Cardinalities Description Example

0 Zero instancesof an entity related toan
. . <<collective>> — .
instance of another entity e R T N

-number_population -
" <<bringsAbout>>

leads_to
One or more populations suffer one 1
more impacts. One or more impact lei
to none or many impacts.



https://ontouml.readthedocs.io/en/latest/relationships/characterization/index.html#characterization
https://ontouml.readthedocs.io/en/latest/classes/aspects/quality/index.html#quality
https://ontouml.readthedocs.io/en/latest/classes/aspects/mode/index.html#mode
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1 One instance of an entity related to 3 S—
instance of another entity [peusten | . coeconors | g
I B iaien| 1.- 1 |-name_agent
N or * Many instances of an entity related to ¢ Minimum 1, maximum many instances
instance of another entity agent associated to a one (and only ol

instance of populationln other words, a
population is a collective of 1 or ma
agents and one agent is an element
only one population.

1. Category and Kind

A Categoryis a rigidmix that requires no dependency specification. It is used to aggregate
essential properties into individuals that follow different identity principles.

IR A Kindis a rigid concept that provides a

Natural Asset principle of identity to its instances and

( ?gs snral asset T : does not require relational dependency to
i 1 oames 1 omes 1 s 1 mes | S E A Ariimaportant postulate of UFO is:
Water Wetiand Forest . Sos Every object must instantiate exactly one

kinc€ (Guizzardi 2005) he figureshows an
example of categories of natural asséfkis fragment is composed of a category (cdllatiral Asset
five kinds (calle@vater, Wetland, Forest, Paind Soi) and a type of relationship callggneralization
(or generalizatiorspecializatiopsymbolled by a line with arrow on the end. This fragment is read as
follows: Natural Asset is a category (supertype) of the kinds Water, Wetland, Forest, Park, and Soil
(subtypes). These kinds compose a generalization set called gs_natural_asset. In other words, the
supertypeNatural Asseis specialized in five subtypes: Water, Wetland, Forest, Park, and Soil.

2. Subkind

A Subkinds arigid sortalthat inherits its principle of identity from an identity provider, such E@éd,a
SubkindaCollectivea Category. Examples, Woman and Man atdkindf Person.

3. Role

Roles are amiigid sortals, whose instances are always specializations of a rigid sortal. They differ from
Phases (Phase) due to the specialization condition, which in the

<<kind=>>

Human Being case of Rolesrefers to a relational (extrinsic) condition of
/\ gs_human_being dependency (Relational dependence), that is, relationships in a

' || certain context, mediated by Relatoror participants in arevent
Res:;er:ItE;:rson Non R::ir;::pe,son Example: a person playstadentrolein anenrolimentrelationship
in a university and playshaisband rolén amarriagerelationship.
T‘ Another example is a person who plélgs role of residentin an

erolos urban system.

Tourist




4. Phase
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Phases are antigid sortals whose instances are always specializations of a rigid construct. They differ

<<kind>>
Person

43 gs_phases_of_existence

|

<<phase>>

Deceased Person

< <pha se>>
Living Person

t S NHGujgZardi 2005)

from RolesbecausePhasesefer to an intrinsic condition, that is, a

Phase is a type that an object instantiates in a certain period due

G2 AGA 26y AYOUNRYaAO OKIFNI OGSNAaAI
stages in the history ofnalndividual Examples: (a) Alive and
Deceased: as possible stages of a PersonCé@rpillar and

Butterfly, phasesof a Lepidopteran; (c) Town and Metropplis

phasesof a city; (d) Boy, Teenageand Adultas phasef a
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AppendixD ¢ Methodological Activities

1. METHODOLOGICAL ACTIVITIES

1.1 Choosing of Foundational Ontology

Unified Foundational Ontology (UFO)

1.2 Choosing a method for building ontologies

' 3Af SQa a LINA ySABIO\gprodchR SyktEniatic Apprpact2fadr Building Ontolagies

2. DEVELOPMENT ACTIVITIES

2.1 Eliciting Requirements Phase

RESULT

A Document containing the project identification, list of requirements, competency questions, and
ontologies identified.

A Package Diagram in UML with the modularization of the@utiologies (file. vpp).

1 Project Identification and Purpose

1 Functional requisites
Identify the set of functionalities that are related to the knowledge to be represented in an ontology.
Functional requisites are those represented by ontology and extracted from the competency
questions. The built ontology must answer these questions.

1 Non-functional requisites
Identify the set of nodunctional requisites that are related to quality, theories, business level,
mandatory standards, and integration or interoperability.

1 Competency questions
Identify and individualize with a unique number the competency questions.
1 Identification of subontologies and modularization

Build package diagrams in UML to identify the existingantblogies, and how they are connected
in terms of dependence. Also, from the list of competency questions, distributed into the modules of
ontologies.

2.2 Research on domain and elicited requirements

RESULT
A Technical report (deliverable document) containing the state of art, and theoretical application
(in some cases).

2.3 Ontology Modeling and Formalization

Based on eliciting requirements and using a modeling tool, model the version of the ontologies.
Rules and restrictions must be defined and formalized using derivation axioms and consolidation axioms.
| 2yaz2t ARFGA2Y FEA2Y& NS SEAalGAY3I NBAGNAROGAZ2YyE | YR
2F (KS 2yd2f a3 ya IKGA RANKISNG Kyf ey Rz RSNRGF A2y +FEA2YA
G2 0SS RSNAOSR FTNRBY (KS LINBOAZ2dzaf & S.EAsE élabyrate al y26f SR
dictionary of terms.
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2.4 Ontology Design

From the (sprint of) ontologies built in the 2.3 step, identify the set of technicalfaoctional requisites,
define the implementation platform, develop the architectural design (modularization tuning), and elaborate the
detailed design for the ontologies.

The definition of an implementation platform is, among others, the choice of an operational ontology
language to migrate from the axioms defined in the reference ontologies (ontaldggn conceptual models) to a

language to be used by the operational ontology.

RESULT

A Implementation platform defined.

A Document containing the set of technical rimctional requisites.
A Architectural design

A Ontology design specification

2.5 Ontology Implementation (Development team)

Based on the ontologies built on the last activities, the architectural and the detailed designs, we

implement an operational ontology. An operational ontology is an ontclmgged on an operational ontology
language (e.g. RDF/OWL), which is-findzy SR F2NJ | aLISOATAO o6dzAAySaa LidzZN1Ll2&aSo

RESULT
A Operational ontology in Web Ontology Language (OWL)

2.6 Ontology Evaluation

To evaluate the ontology developed in each sprint, we will use two approaches:
1. First approach Manual Reference Ontology Verification: analyze which
concepts, relationships, and axioms are necessary (and sufficient) to answer each of
the CQs.
2. Second approachValidation through Instantiation: instantiate the ontologies
using realworld data and storylines to assess whether the ontologies are
semantically correct. Also, in some cases, use Alloy to instantiate the ontologies.

RESULT
A Technical report containing the tests (verification and validation) applied to evaluate the ontology built.
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3. DEVELOPMENT ACTIVITIEBRINT N.1

3.01 Partial eliciting requirements: competency requirements

3.02 Literature review
3.02.01 Systematic literature review
3.02.02 Writing of a deliverable document

3.03 ONTOLOGYopulation
3.03.01 Partial eliciting requirements
3.03.01 Building ontology including the taxonomy of population provided.
3.03.02 Glossary of the built ontology

3.04 ONTOLOGYnfrastructure
3.04.01 Partial eliciting requirements
3.04.01 Building ontology including the taxonomy of infrastructure provided.
3.04.02 Glossary of the built ontology

3.05 ONTOLO&YRiskdriven Urban Systems
3.05.01 Partial eliciting requirements
3.05.01 Building ontology including the taxonomy of-dsiken urban systems provided.
3.05.02 Glossary of the built ontology
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AppendixE¢ Taxonomy of Hazards (UNSDR)

In this appendix the individual hazards type according to UNSDR are reported. For each hazard, the page
of the related report is alstisted.

Page

Number

(UNDR
Hazard Cluster Specific Hazard Report)
CBRNE (Chemical, Biological,
Radiological, Nuclear and Explosive) Chemical Warfare Agents 408
CBRNE (Chemical, Biological,
Radiological, Nuclear and Explosive) Biological Agents 450
CBRNE (Chemical, Biological,
Radiological, Nuclear and Explosive) Radiation Agents 654
CBRNE (Chemical, Biological,
Radiological, Nuclear and Explosive) Nuclear Agents 657
CBRNE (Chemical, Biological,
Radiological, Nuclear and Explosive) Explosive agents 791
Construction/ Structural Failure Building Collapse 659
Construction/ Structural Failure Building, highrise, cladding 662
Construction/ Structural Failure Structural Failure 665
Construction/ Structural Failure Bridge Failure 668
Construction/ Structural Failure Dam Failure 670
Construction/ Structural Failure Supply Chain Failure 673
Construction/ Structural Failure Critical Infrastructure Failure 676
ConvectiveRelated Downburst 29
ConvectiveRelated Lightning (Electrical Storm) 31
ConvectiveRelated Thunderstorm 33
Cyber Hazard Misconfiguration of Software and Hardware 693
Cyber Hazard Non-Conformity and Interoperability 695
Cyber Hazard Malware 698
Cyber Hazard Data Breach 700
Cyber Hazard Data SecuritRelated Hazards 703
Cyber Hazard Disrupt 705
Cyber Hazard Outage 707
Cyber Hazard Personally Identifiable Information (PIl) Breac 709
Cyber Hazard Internet of Things (IOIRelated Hazards 712

Cyber Hazard Cyberbullying 715
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Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Environmental Degradation
Extraterrestrial

Extraterrestrial
Extraterrestrial
Extraterrestrial
Extraterrestrial
Extraterrestrial
Extraterrestrial
Extraterrestrial
Extraterrestrial
Fisheries
Fisheries
Flood

#> e della Ricerca

Household Air Pollution

Air Pollution (Point Source)
Ambient (Outdoor) Air Pollution
Land Degradation

Soil Degradation

Runoff / Nonpoint Source Pollution
Salinity

Biodiversity Loss

(Forestry) Deforestation

Forest Declines and Diebacks
Forest Disturbances

(Forestry) Forest Invasive Species
(Forestry) Wildfires

Desertification

Loss of Mangroves

Wetland Loss/Degradation

Coral Bleaching

Compressive Soils

Soil Erosion

Coastal Erosion and Shoreline Change

Permafrost Loss
Sand Mining
Sea Level Rise
Eutrophication
Airburst

Geomagnetic Storm (including energetic
particles related to space weather, and solar

flare radio blackout [R Scale])
UV Radiation

Meteorite Impact

lonospheric Storms

Radio Blackout

Solar Storm (Solar Radiation Storm) (S Scale

Space Hazard / Accident
NearEarth Object
and Aquaculture Marine Toxins

and Aquaculture Harmful Algal Blooms

Coastal Flood
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280
283
286
289
293
295
297
301
304
306
309
312
315
318
321
326
330
332
335
338
340
345
348
352
159

162
164
167
169
171
174
177
179
423
427
35



Flood
Flood
Flood
Flood
Flood
Flood
Flood
Flood
Flood
Flood
Flood

Food
Food

Food

Gases
Gases
Gases
Gases
Heavy
Heavy
Heavy
Heavy

HumanAnimal Interaction
HumanrAnimal Interaction

Hydrocarbons

Hydrocarbons

Industrial Failure
Industrial Failure
Industrial Failure
Industrial Failure
Industrial Failure
Industrial Failure
Industrial Failure

Industrial Failure

Infectious Disease (Aquaculture)

dall’'Unione europea
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Estuarine (Coastal) Flood

Flash Flood
Fluvial (Riverine) Flood
Groundwater Flood

Ice-Jam Flood Including Debris
Ponding (Drainage) Flood

Snowmelt Flood
Surface Water Flooding

Glacial Lake Outburst Flood
Drain and Sewer Flooding

Reservoir Flooding

Safety Levels of Contaminants in Food and

Feed

Safety Antimicrobial Resistance
Safety Foodborne Microbial Hazards (includit
human enteric virus and foodborne parasite)

Ammonia

Carbon Monoxide
Phosphine

Chlorine

Metals Arsenic
Metals Cadmium
Metals Lead

Metals Mercury
Snake Envenomation
HumanWildlife Conflict
Oil Pollution
Benzene

Natech

Pollution

Explosion

Leaks and Spills

Soil Pollution

Fire

Mining Hazards

Safety Hazards Associated with Oil and Gas

Extraction Activities

Shrimp disease (bacterialpcute Hepatic

pancreatic necrosis

Italiadomani

38
40
43
45
47
49

53
55
772
775

372
455

459
355
358
398
400
360
363
366
369
444
447
402
405
717
719
723
727
731
734
738

741

643
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Infectious Diseases (Animal)
Infectious Diseases (Animal)
Infectious Diseases (Animal)

Infectious Diseases (Aquaculture)
Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and

dall’'Unione europea
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African Swine Fever (Animal)
Classical Swine Fever (Animal)
Rinderpest (Animal)

Oyster Disease Aquaculture

Anthrax

Airborne Diseases

Blood Borne Viruses

Waterborne Diseases

Foodborne Diseases

Sexually Transmitted Diseases (Human)
Neglected Tropical Diseases (Human)
VaccinePreventable Diseases (Human)
Vector Borne Diseases (VBD) (Human)
ViralHemorrhagid=evers (Human)
Antimicrobial Resistant Microorganisms
(Human)

Animal Diseases (Not Zoonoses)
Zoonotic Diseases

Diarrhoeal Diseases (Human)

Prion Diseases

Hepatitis B (Human)

Hepatitis C (human)

HIV and AIDS (Human)

COVIEL9 (SARE0V2) (Human)
Cholera (Human)

. . Italiadomani
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598
606
637
645

472

474

476

479

481

483

485

487

490

494

497

500

502

504

506

508

510

512

514
516
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Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
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dell'Universita
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Cryptosporidium (Human)
Paratyphoid fever (Human)
Typhoid Fever (Human)

Hepatitis A (Human)

Escherichia Coli (STEC) (Human)
Listeriosis (Human)

Shigellosis (Human)

Avian Influenza (Human and Animal)

Pandemic Influenza (Human)
Seasonal Influenza (Human)
Cysticercosis

Leptospirosis (Human)
Plague (Human)

Leprosy

Chikungunya

Zika Virus (human)
Diphtheria (Human)

Measles (Human)
Meningococcal Meningitis (Human)
Pertussis (Human)

Polio (Human)
Smallpox (Human)

. . Italiadomani
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519

521

523

525

527

530

532

534

537

539

541

543

546

548

550

552

554

556

558

561

563
565
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Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and

dall’'Unione europea
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Varicella and herpes zoster (Human) 567
Yellow Fever (Human) 569
Dengue (Human) 571
Malaria (Human) 573

CrimeanCongoHemorrhagid-ever (Human) 576

Ebola (Human) 578
Lassa Fever (Human) 581
Tuberculosis (Human and Animal) 584
Middle East Respiratory Syndrome (MERS)
(Human) 587
Monkeypox (Human) 589
Rabies (Animal and Human) 591
Severe Acute Respiratory Syndrome (SARS)
(Human) 594
Rotavirus (Human) 596
Vectorborne diseases (VBD) (Animals) 601
Brucellosis (Animal) 603
Contagious Bovine Pleuropneumonia (CBPP
(Animal) 609
Contagious Caprine Pleuropneumonia (CCPI
(Animal) 612
Foot and Mouth Disease Virus (Animal) 614
Lumpy Skin Disease (Animal) 617

New World Screwworm (NWS) (Animal) 619

Newcastle Disease Virus (Animal) 622
Peste Des Petits Ruminants (Animal) 624
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Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)
Infectious Diseases (Human and
Animal)

Infectious Diseases (Human and
Animal)

Infectious Diseases (Plant)
Infectious Diseases (Plant)

Infectious Diseases (Plant)
Infrastructure Failure
Infrastructure Failure
Infrastructure Failure
Infrastructure Failure
Infrastructure Failure
Insect Infestation
Insect Infestation
Invasive Species
Invasive Species
Lithometeors
Lithometeors
Lithometeors
Lithometeors
Lithometeors
Lithometeors
Lithometeors

Marine

Marine

Marine

Marine

Marine

Marine

Marine

Marine

dall’'Unione europea

Q Fever

Rift Valley Fever (Animal)
TrypanosomiasiéAnimal)
West Nile Fever (Human)

Trypanosomiasis (Human)
Bacterial Plant Disease

Fungal Plant Disease

Viral, Mycoplasma and Viroid Plant Disease

Epidemics
Nuclear Plant Failure

Power Outage/ or Blackout
Emergency Telecommunications Failure

Water Supply Failure

Radio and Other Telecommunication Failures
Insect Pest Infestations

Locust
Invasive Weeds
Invasive Species

Black Carbon (Brown Clouds)
Dust storm or Sandstorm

Fog

Haze

Polluted Air

Sand haze

Smoke

Ocean Acidification
Rogue Wave

Sea Water Intrusion
Sea Ice (Ice Bergs)
Ice Flow

Seiche

Storm Surge
Storm Tides

Italiadomani

627

629

632

634

640
463
466

469
679
682
685
687
690
430
433
436
440
57
60
62
64
66
69
71
73
75
76
78
80
82
84
86



Marine
Marine
Mental
Other
Other

Other
Other

Other

Other Geohazard
Other Geohazard
Other Geohazard

Other Geohazard
Other Geohazard
Other Geohazard
Other Geohazard
Other Geohazard
Other Geohazard
Other Geohazard
Other Geohazard
Other Geohazard
Other Geohazard
Other Geohazard
Other Geohazard

Persistent

Persistent
Persistent
Pesticides
Pesticides
Pesticides
Pesticides

PrecipitationRelated
PrecipitationRelated

dall’'Unione europea
NextGenerationEU

Ministero

Tsunami
Marine Debris

Health Suicide Cluster

Chemical Hazards and Toxins Asbestos
Chemical Hazards and Toxins Aflatoxins
Chemical Hazards and Toxins Fluorii®&cess
or inadequate intake

Chemical Hazards and Toxins Methanol
Chemical Hazards and Toxins Substandard ¢
Falsified Medical Products

Ground Shaking (induced earthquake, reserv
fill, dams, cavity collapse, underground
explosion, impact, hydrocarbon fields, shale

exploration, etc.)

Liquefaction (Groundwater Trigger)

Ground Fissuring

Subsidence and Uplift Including Shoreline

Change

ShrinkSwell Subsidence

Sinkhole

Ground Gases (CH4, Rn, etc.)

Riverbank Erosion

Sand Encroachment
Aquifer Recharge (Systems Failure/ Outages
Submarine Landslide

Rockfall
Landscape Creep

Sediment Rock Avalanche

Tsunami (Submarine Landslide Trigger)

Organic Pollutants (POPs) Hazardous Pestic
Contamination in Soils

Organic Pollutants (POPs) Dioxins and Dioxil

like Substances

Organic Pollutants (POPs) Microplastics
Pesticides; Highly Hazardous
Residue of Pesticides

Insecticides
Fungicides
Acid Rain
Blizzard

dell'Universita
> @ della Ricerca
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88

757
452
410
412

414
417

420

240
243
245

247
250
252
255
258
260
262
265
268
270
272
274

381

393
395
376
379
385
389
98

100



PrecipitationRelated
PrecipitationRelated
PrecipitationRelated
PrecipitationRelated
PrecipitationRelated
PressureRelated
PressureRelated
PressureRelated

Radiation

Radiation

Seismogenic (Earthquakes)
Seismogenic (Earthquakes)
Seismogenic (Earthquakes)

Seismogenic (Earthquakes)

Seismogenic (Earthquakes)
Seismogenic (Earthquakes)
Seismogenic (Earthquakes)
Seismogenic (Earthquakes)
TemperatureRelated
TemperatureRelated
TemperatureRelated
TemperatureRelated
TemperatureRelated
TemperatureRelated
TemperatureRelated
Temperaturerelated
TemperatureRelated
TemperatureRelated
Terrestrial

Terrestrial

Terrestrial

Transportation
Transportation
Transportation
Transportation
Transportation

Finanziato
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Drought
Hail

Ice Storm
Snow

Snow Storm

Depression or Cyclone (Low Pressure Area)

Extratropical Cyclone
SubTropical Cyclone
Radioactive Waste
Radioactive Material
Earthquake

Ground Shaking (Earthquake)

Liquefaction (Earthquake Trigger)
Earthquake Surface Rupture, Fissures, and

Tectonic Uplift/Subsidence

Subsidence and Uplift, Including Shoreline
Change (Earthquake Trigger)

Tsunami (Earthquake Trigger)
Landslide or Debris Flow (Earthquake Trigge
Ground Gases (Seismogenic)

Cold Wave

Dzud

Freeze

Frost (Hoar Frost)

Freezing Rain (Supercooled Rain)

Glaze

Ground Frost
Heatwave

Icing (Including Ice)
Thaw

Avalanche

Mud Flow

Rock slide

Air Transportation Accident
Inland Water Ways
Marine Accident

Rail Accident

Road Traffic Accident

Ministero .
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102
106
108
110
112

94

96

649
651
182
184
187

189

191
193
197
200
114
116
118
120
122
124
126
128
131
133
135
137
139
777
779
781
784
787
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Volcanogenic

Volcanogenic (volcanoes and
geothermal)

Volcanogenic (Volcanoes and
Geothermal)

Volcanogenic (Volcanoes and
Geothermal)

Volcanogenic (Volcanoes and
Geothermal)

Volcanogenic (Volcanoes and
Geothermal)
Volcanogenic (Volcanoes and
Geothermal)
Volcanogenic (Volcanoes and
Geothermal)
Volcanogenic (Volcanoes and
Geothermal)

Volcanogenic (Volcanoes and
Geothermal)

Volcanogenic (Volcanoes and
Geothermal)

Volcanogenic (Volcanoes and
Geothermal)

Waste
Waste
Waste
Waste
Waste
Waste
Waste
Waste
Waste
Waste
Wind-Related
Wind-Related
Wind-Related
Wind-Related

Wind-Related
Wind-Related

dall’'Unione europea
NextGenerationEU

> @ della Ricerca

Subsidence and Uplift, Including Shoreline
Change (Magmatic/Volcanic Trigger)

Lava Flows (Lava Domes)

Ash/Tephra Fall (Physical and Chemical)

Ballistics (Volcanic)
Pyroclastic Density Current
Debris Flow/Lahars/Floods

Landslide (Volcanic Trigger)

Ground Shaking (Volcanic Earthquake)

Volcanic Gases and Aerosols
Tsunami (Volcanic Trigger)

Lightning (Volcanic Trigger)

Urban Fire (During/Following Volcanic

Eruption)

Disaster Waste

Solid Waste

Wastewater

Hazardous Waste

Plastic Waste

Electronic Waste (i#/aste)
Healthcare Risk Waste
Landfilling

Tailings

Waste Treatment Lagoons
Derecho

Gale (Strong Gale)
Squall

Subtropical Storm

Tropical Cyclone (Cyclonic Wind, Rain [Storn

Surge)
Tropical Storm

Ministero . .
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237

203

207

210

213

216

218

221

223

226

230

233
745
747
749
751
753
759
762
764
767
770
141
143
145
147

149
152
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Wind-Related Tornado 154
Wind-Related Wind 156
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Appendix¢ TaxonomyReturn forBuildings
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PIANO NAZIONALE

Sub ; HAZARD
Attribute group | # | Attribute attribute - SUSEUT it . _ _ _ ] Heat
-Level 2 Seismic | Flood | Landslide| Fire | Wind | Pollution
Level 1 wave
original
occupancy
occupancy of
the ground
floor
Occupancy 1 | Occupancy daily/nightly
number of use
occupants
seasonal use
Cultural _
. artistic assets
heritage asset
retrofit age retrofit level
maintenance
2 | Age of construction Decay of affected
materials / components
existing d
Building damage amage cause
features height of
structure (m)
3 | Number of stories number of
stories below
ground
4 | Average plan surface
5 | Material type material matenql
technology properties
Vertical 6 | Gravity load system material GLS
structural dreaten
system . . X .
7 | Lateral load resisting system material LLS Infills material

ductility/quality
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columnwall
density

seismic code
level

lateral load
coefficient

Partitions walls

connection
efficiency

Building
configuration
and regularity

Building position in the block

aggregate
shape

10

Plan regularity

plan shape

plan ratio

specific
vulnerability
factors

11

Elevation regularity

specific
vulnerability
factors

Building
horizontal
diaphragms

12

13

Floor system material

floor type

floor
connection

Ceilings

connection
efficiency

14

Roof shape

roof covering
material

roof system
material

roof
connections

thermal /
acoustic
insulation,
water
protection,
covering
positions

standingout

elements

slenderness,
size and
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material

Hydrological
aspects

15

Ground floor hydrodynamics

height of
ground floor
above ground

protection
measures

Foundation and
soil conditions

16

Foundation system

geotechnical
conditions

17

Soil class

18

Topography of the area

Fire building
performance

19

Fire safety

safety measure
type

performance
fire level

design

Building
envelope

20

Exterior walls

thermal /
acoustic
insulation and
position

decorations
and moldings

finishings

21

Openings / Windows

windows
protection

Building
exterior
technical
elements

22

Cornice construction
technique

intrados shape

finishing

extrados
inclination

finishing

face height

finishing

parapet height
and thickness

material and
type

shape factor

23

Balcony construction
technique

intrados shape

finishing

extrados
inclination

finishing

face height

finishing
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parapet height | material and
and thickness | type
shape factor
anchoring material
24 Housghold drain system junction .
material =
position

shape factor
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Table 1: Group (a):
Occupancy Occupancy
ID Attribute 1 ID Level 1 (L1) ID Level 2 (L2)
macro. T2 ] @EEEENE7 Definition 4 Subattributes 3 Subattributes
classification class
- occupancy unknown
Residential RES Residential, unknown 1.1 Original Definition
type occupancy
This includes
various -
dwelling original
RES1 Single dwelling . - occupancy
sizes, from a
unknown
small home
to a castle
RES? Multi-unit, unknown 00= same as at
type present
occupancy class
RES2A | 2 Units (duplex) (ID) (use the IDin if different
column B)
RES2B | 3-4 Units
1.2 Occupancy
RES2C | 5-9 Units of the ground Definition
floor
ground floor
RES2D | 10-19 Units -- occupancy
unknown
RES2E | 20-49 Units Go= | Sameasthe
other storeys
occupancy class| .
RES2F | 50+ Units (D) | (usethe Din | FMIXor
hybrid
column B)
RES3 Temporary lodging
RES4 Institutional housing L U2l Definition 1.3.1 Daily/nightly use | Definition
occupants
number of
RES5 Mobile home - occupants -- D/N use unknown
unknown
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average
Commer_(:lal COM Commercial and public, oC:# number of number D:# Daily presence (in
and public unknown type occupants along the percentage)
year
COM1 | Retail trade N:# Nightly presence (in
percentage)
COM2 Wholesale trade and 1.3.2 Seasonal use Definition
storage (warehouse)
Offices,
COM3 | professional/technical -- seasonal use unknown
services
COM4 | Hospital/medical clinic Ho# | Holiday presence (in | may be greater
percentage) than 100%, being
COM5 | Entertainment Restaurants, WE-# Week end presence (in | referred to the
bars, cafes percentage) average
COM6 | Public building
. 1.4 Cultural - _
COM7 | Covered parking garage . 1.4.1 Artistic assets Definition
heritage asset
COM8 | Bus station - unknown - unknown
. . Immovable AA
COM9 | Railway station CHNO | no CH IAA
(frescoes, stuccoes, ...)
. Unesco World | if different Movable AA (paintings,
COMIO | Airport WHS Heritage Site or MIX MAA 01 GdzSas X0
Smaller sport
COM11 | Recreation and leisure faFJI|ItIeS, CHN LISt.ed at AAN | No artistic assets
leisure national level
centres
Mixed use MIX Mixed, unknown type CHL Cultural
relevance (local)
MIX1 Mostly re_S|dent|aI and
commercial
MIX2 Mo_stly c_ommerual and
residential
MIX3 Mostly_commermal and
industrial
MIX4 Mostly_re5|dentlal and
industrial
MIX5 Mostly industrial and
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commercial
MIX6 Mo§tly |pdustr|al and
residential
Industrial IND Industrial, unknown
type
IND1 Heavy industrial
IND2 Light industrial
Agriculture AGR Agriculture, unknown
type
It includes
grain storage,
AGR1 Produce storage a.n d also hay,
silage, fruit,
vegetables,
etc.
Example:
shelter for
cows during
the winter,
AGR2 Animal shelter but it may
not
necessarily
have to do
with the
rearing.
. . This includes
AGR3 Agricultural processing abatoirs
Assembly ASS Assembly, unknown
type
ASS1 Religious gathering
ASS2 Arena
ASS3 Cinema or concert hall
Clubs,
societies,
ASS4 Other gatherings political
parties,
function
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centres, etc.

Government, unknown

Government | GOV
type
GOV Govgrnment, general
services
GOV2 Government,
emergency response
Education EDU Education, unknown
type
EDU1 Pre-school facility
EDU2 School
College/university,
EDU3 offices and/or
classrooms
College/university,
EDU4 research facilities
and/or labs
Other
occupancy OCO Other occupancy type

type

Italiadomani
[e]

PIANO NAZIONALE
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ID Attribute 2 ID Level 1 (L1) ID | Level 2 (L2)
Age of construction Definition 3 subattributes 3 Subattributes
-- Year unknown
Y Y:n, Exact date of constructio 2.1 Retrofit age Definition IZe\}eT ST Definition
YBET YBET:4, date of construction B retrofit unknown B retrofitting level
upper/lower bound unknown
YAPP YAPP:n, Approxmate date of NOR | No retrofit LO !_ocal strgngthenmg
construction interventions
YPRE YPREn,.Latest possible date ST Qlobal st'rengthenlng
of retrofit interventions
Global retrofitting
RE | interventions
2.2 Maintenance Definition
-- Maintenance unknown
Poor overall physical
MP i )
condition/maintenance
Moderate overallphysical
MM o .
condition/maintenance
Good overall physical
MG . .
condition/maintenance
2.3_ Qecay of materials / Definition 2.3.1 Affected Definition
existing damage components
-- Decay/damage unknown -- unknown
DD Decay and damage VE Vertical structural
elements
DE Decay of materials HO Horizontal

diaphragms
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DA Existing damage RO | Roof
NODD| Nor decay either damage PW | Partition walls
CE | Cellings

TC | Technical component{t £ I & G S NI

2.3.2 Damage cause | Definition

- unknown

SE | Soil settlements

EQ | Earthquake

Erosion due to wind
ER | and weathering

Moisture (rising
MO | humidity, flood)

PO | Pollution

Fi Fire
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ID Attribute 3 ID Level 1 (L1)
Number of stories Definition 2 subattributes
B Number of stories
unknown
H H:n,' exact number of 3.1 Height of structure (m) Definition
stories above ground
HLR | Low rise 1-2 stories -- Height unknown
HHT:n, total height of the structure,
HMR | Mid rise 35 stories HHT measured from the ground floor. Float
specifying the height of the structures in
meters. (HHT>= 1)
HHI:n, interstorey height (average). Float
HHR | High rise >5 stories HHI specifying the average floor height in
meters. (HHI>= 1)
HHI:n, interstorey height (average). Float
HHI specifying the average floor height in
meters. (HHI>= 1)
3.2 Number of stories below ground Definition
-- Number of stories below ground unknown|
HB:n, exact number of stories below grou
HBEX
(same as number of basements)
HBAPP HBAPP:n, approximate number of stories
below ground
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Group (b):Building features

ID Attribute 4
Average plan surface Definition
-- Plan surface unknown
A A:n, exact plan surface (in square meters)
ABET | ABET:&, Upper and lower bound for the plan surfag
AAPP | AAPP:n, Approximate plan surface
A(<50m2), B(500), C(761L00), D(10a130), E(13.70), F(17€30),
AEDEY AEDES:id, classification AeDES form, from Ato R | G(230300), H(30&100), 1(408500), L(508650), M(656900), N(900

1200), O(120€1600), P(160@2200), Q(220€8000), R(>3000m2)
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ID Attribute 5 ID Level 1 (L1) ID Level 1.1 (L1.1)
Material type Definition 1 subattribute 1 subattribute
-- Unknown material
5.1 Material technology Definition S Mat_erlal Definition
properties
Concrete, unknown Unknown concrete
C : -- Unknown concrete technology --
reinforcement class
Cu Concrete, unreinforced CIP Castin-place concrete CFCK Concrete compressive
strength (Mpa)
CR Concrete, reinforced PC Precast concrete
SRC C_oncrete, composne CIPPS Castin-place prestressed
with steel section concrete
PCPS | Precast prestressed concrete
S Steel -- Steel, unknown -- Steel connections,
unknown
SL Coldformed steel members WEL | Welded connections
SR Hot-rolled steel members RIV Riveted connections
SO Steel, other BOL | Bolted connections
ME ‘ Metal (except steel) -- Metal, unknown
MEIR Iron
MEO Metal, other
M 'V"."‘SO”W’ unknown -- Masonry unit, unknown -- Mortar type unknown
reinforcement
MUR | Masonry, unreinforced ADO Adobe blocks MON | No mortar
MCF | Masonry, confined ST Stone, unknown technology MOM | Mud mortar
MR Masonry, reinforced STRUB Rubble (field stone) or semi MOL | Lime mortar
dressed stone
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STDRE | Dressed stone MOC | Cement mortar
CL Fired clay unit, unknown type MOCL| Cement:lime mortar
CLBRS | Fired clay solid bricks -- Stone, unknown type
CLBRH | Fired clay hollow bricks SPLI | Limestone
CLBLH | Fired clay hollow blocks or tiles SPSA | Sandstone
CB Concrete blocks, unknown type SPTU | Tuff
CBS Concrete blocks, solid SPSL | Slate
CBH Concrete blocks, hollow SPGR| Granite
MO Masonry unit, other SPBA | Basalt
SPO | Stone, other type
Only for Masonry, reinforced
(MR)
-- Masonry reinforcement unknown
RS Steelreinforced
RW Woodreinforced
RB Bgmboo, cane or rope-
reinforced
RCM Fibre reinforcing mesh
RCB Reinforced concrete bands
E i?r:tfg’r:;::;%\;m - Unknown earth technology
EU Earth, unreinforced ETR Rammed earth
ER Earth, reinforced ETC Cob or wet construction
ETO Earth technology, other
W Wood -- Wood, unknown
WHE Heavy wood
WLI Light wood members
ws Solid wood
WWD Wattle and daub
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WBB Bamboo
WO Wood, other
Hybrid or composite HYB(material_materiaI_b), two main -
HYB (mixed) materials mater!als-of. the LLRS from the following
material list:
CR Concrete, reinforced
CuU Concrete, unreinforced
S Steel
M Masonry, unknown reinforcemen
MUR Masonry, unreinforced
MCF Masonry, confined
MR Masonry, reinforced
MURST| Stone masonry, unreinforced
ER Earth, reinforced
EU Earth, unreinforced (or mud)
W Wood
INF Informal materials
MATO | Other material

Comment:
* For level 1, only CIP or PC options available

** |n case of MR add information on reinforcement
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Group (c)Vertical structural system

ID Attribute 6 ID Level 1 (L1)
Type of gravity load system Definition 1 subattribute
- Unknown gravity load system
GFM Moment frame 6.1 Material GLS Definition
GFINF | Infilled frame - structural material unknown
GFBR | Braced frame (ID) structural material (C/S/M/E/W) use generic code from attribute
GPB Post and beam
GWAL | Wall
GWP Wall with posts inside
GDUAL | Dual framewall system
GFLS Flat slab/plate or waffle slab
GFLSINI Infilled flat slab/plate or infilled waffle slab
GO Other lateral loaeresisting system
GHV* LHV(s_ys_ays_b), hybrid LLRS in height
(a= primary system and secondary system)
GHP LHV(sys_ays_b), hybrid LLRS in plan

(a= primary system and secondary system)

** Options for hybrid systems are the same as above
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ID Attribute 7 ID Level 1 (L1) ID Level 2 (L2)
Type of lateral loaeresisting system | Definition 5 subattributes 2 subattributes
-- Unknown lateral loadesisting systen
LN No lateral loagresisting system 7.1 Direction Definition
no or unknown
LGLS | Same as gravity load system -- distinction for the 2
directions
Longitudinal
LFM Moment frame LDIR| . %,
direction (street)
LFINF | Infilled frame TDIR | TTansversal direction
(street)
LFBR | Braced frame
LPB Post and beam 7.2 Material LLS Definition 6.1.1 Infills material Definition
structural material To be filled
LWAL | Wall -- unknown -- Infill material unknown | only in case
att.7 is LFINF
structural material
LWP Wall with posts inside USE generic code IM Unreinforced masonry
from attribute 5
(C/SIM/E/W)
LDUAL | Dual framewall system IM- | Unreinforced masonry,
4 CL | fired clay bricks
IM- Unreinforced masonry,
LFLS Flat slab/plate or waffle slab CLB fired clay hollow blocks
or tiles
' - Unreinforced masonty,
LELSINI Infilled flat slab/plate or infilled wafflg IM- AAC blocks (aerated
slab AAC
autoclaved blocks)
- IM- | Unreinforced masonry,
LO Other lateral loadresisting system FAB | fiyash bricks
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LHV(sys -ays_b), hybrid LLRS in
height

LH\* .
(a= primary system and secondary
system)
LHV(sys -ays_b), hybrid LLRS in pla|
LHP* | (a= primary system and secondary

system)

** Options for hybrid systems are the same as

above

IM- | Unreinforced masonry,
CBH | hollow concrete blocks
IM- | Unreinforced masonry,
CBS | solid concrete blocks
IM- | Unreinforced stone

ST masonry

IMR | Reinforced masonry
IMR- | Reinforced masonry,
CL | clay brick

IMR- | Reinforced masonry,
CB concrete block

7.3 System d'UCtI|I'[y Definiition
/ quality details

-- Ductility unknown

DNO | Nonductile

DUL | Low ductility

DUM | Moderate ductility

DUH | High Ductility
Equipped with base

DBD isolation _and/or_
energy dissipation
devices

NOC Masonry walls
poorly connected

TR Presence of tie rods

RB Presence of ring
beams
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Definition

columnswall density
unknown

DCW

DCW:n Percentage
specifying the
density or ratio
between the area of
columns and/or
walls and the area of
the building plan (%)

7.5 Seismic code
level

Definition

7.5.1 Lateral load
coefficient

Definition

Code level unknown

Unknown coefficient

CDN

No code design

LFC

LFC:n, n lateral force

coefficient in percentage

(%0)

CDL

Low earthquake
resistance design

CDM

Medium earthquake
resistance design

CDH

High earthquake
resistance design
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ID | Attribute 8 ID Level 1 (L1)
Type of partition walls Definition 1 subattribute
-- Unknown type of partition wall
PB | Brick partition wall 8.1 Connection efficiency | Definition
PBR| Reinforced brick partition wall -- connection efficiency
unknown
PHC| Hollow clay brick partition wall PCP | Poor connection
PCB| Concrete blocks partition wall PCGW, Wellconnected but weak
PG | Glass partition wall PCG | Well connected
PSB| Straw board partition
PM | Metal lath partition wall
PW | Wooden partition wall

Brick Partitions Wall

Reinforced Brick Wall

Hollow & Clay Brick Partition Wall
Concrete Partitions Wall

Glass Partitions Wall

Straw Board Partitions

Plaster Slab Partition Wall

Metal lath Partition Wall

A.C. sheet or G.I. Sheet Partitions W
Wooden Partition Wall

Lumber Partitions

Asbestos Cement Patrtitions
Double Glazed Window



https://civiltoday.com/construction/wall/339-partition-wall#brick
https://civiltoday.com/construction/wall/339-partition-wall#Reinforced
https://civiltoday.com/construction/wall/339-partition-wall#hollow
https://civiltoday.com/construction/wall/339-partition-wall#Concrete
https://civiltoday.com/construction/wall/339-partition-wall#Glass
https://civiltoday.com/construction/wall/339-partition-wall#Straw
https://civiltoday.com/construction/wall/339-partition-wall#Plaster
https://civiltoday.com/construction/wall/339-partition-wall#Metal
https://civiltoday.com/construction/wall/339-partition-wall#sheet
https://civiltoday.com/construction/wall/339-partition-wall#Wooden
https://civiltoday.com/construction/wall/339-partition-wall#Lumber
https://civiltoday.com/construction/wall/339-partition-wall#Asbestos
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Group (d):Building configuration and regularity

ID Attribute 9 ID Level 1 (L1)
BP Building Position in the Block Definition 1 subattribute
-- Building Position unknown
Not attached to any other building (spaced
BPD | Detached building apart a distance equal to or more than 4% o 9.1 Aggregate shape Definition
the height of the lower building)
BP1 | Head building (adjoining building on one side Qne adjacent _bundmg (serdetached building No information
in North America), e.gend of a row
BP2 Corner bglldpg (adjoining buildings on two Corner bwldlng with two adjacent buildings AL Adgregate in line
consecutive sides) (on adjacent sides)
Intercluded building (adjoining buildings on | Intercluded building in a row with two
BP3 two opposite sides) adjacent buildings (on opposite sides) ALS | Aggregate ishaped
Inner building (adjoining buildings on three ' .
BP4 sides) More connected configuration ACS Aggregate &haped
AWC| Aggregate with internal court
AIRR| Aggregate with irregular shape
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Table 10Plan regularity Group (d):Building configuration and regularity
ID | Attribute 10 ID Level 1 (L1) ID Level 2 (L2)
Plan regularity Definition 2 subattributes 1 subattribute

Unknown plan

regularity
PR | Regular in plan 10.1 Specific vulnerability | Definition
PIR| Irregular in plan -- No information

TOR Torsion eccentricity

REC Reentrant corner

LP Protuberance in plan
Eccentric Mass

EM concentration

FD Flexible diaphragms

IRHO Other horizontal irregularity

10.2 Plan shape Definition 10.2.1 Plan ratio Definition
-- Unknown plan shape - Unknown plan ratio
PLFSQ | Square, solid pR:# | Hian ratio, float
number

Ratio between the
length and the
width of the slee

Square, with an interior PBSR4 Plan building sleeve

PLFSQC opening (e.g. a "donut”) ratio

PLFR | Rectangular, solid

PLFRO | Rectangular, with an openin
PLFL L-shape
PLFA | A-shape
PLFB B-shape
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Curved, solid (e.g. circular,
elliptical, ovoid)

PLFC

PLFCO | Circular, with an opening

PLFD | Triangular shape, solid

Triangular shape, with an

PLFDO ;
opening

PLFE Eshape

PLFF Fshape

PLFH H-shape

PLFS Sshape

PLFT T-shape

PLFU | U-shape

PLFX | Xshape

PLFY | Y-shape

PLFI Irregular plan shape
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Table 11Elevation regularity Group (d):Building configuration and regularity
ID Attribute 11 ID Level 1 (L1)
Elevation regularity Definition 1 subattribute
-- Unknown elevation regularity
VR Regular in elevation 11.1 Specific vulnerability Definition
VIR Irregular in elevation -- No information
SOS | Soft story
CRW | Cripple wall
SHC | Short column
POP | Pounding potential
SET | Setback
CHV | Change in vertical structure (includes large overhangs
IRVO | Other vertical irregularity
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ID

Attribute 12

ID

Level 1 (L1)

Level 2 (L2)

Floor system material

Definition

1 subattribute

1 subattribute

Floor material, unknown

FN

No elevated or suspende
floor material

single
storey
building

12.1 Floor system type

Definition

12.1.1 Floor connections

Definition

FM

Masonry

Masonry, unknown

FM1

Vaulted masonry

FM2

Shallowarched masonry

diaphragm connection
unknown

FWCN

Floorwall diaphragm
connection not provided

FWCP

Floorwall diaphragm
connection effective

FM3

Composite casin-place
reinforced concrete joists
and masonry floor system

In case of
absence of a
continuous
RC slab

FE

Earthen

Earthen, unknown

FC

Concrete

Concrete, unknown

FC1

Castin-place beamless
reinforced concrete floor

FC2

Castin-place beam
supported reinforced
concrete floor

FC3

Precast concrete floor with
reinforced concrete topping

FC4

Precast concrete floor
without reinforced
concrete topping

FC5

Composite casin-place

reinforced concrete joists,

If the
continuous
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slab and masonry floor RC slab is
system present
FME| Metal - Metal, unknown

Metal beams, trusses, or
FMEL1| joists supporting light
flooring

Metal beams supporting
precast concrete slabs

Composite steel deck and
concrete slab

Steel profiles and small
brick vaults

FME2

FME3

FME4

FW | Wood -- Wood, unknown

Wooden beams or trusses
FW1 | and joists supporting light
flooring

Wooden beams or trusses
FW2 | and joists supporting heavy|
flooring

Woodbased sheets on
joists or beams

Plywood panels or other
light-weight panels for floor

FW3

FW4

FO | Floor material, other
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ID Attribute 13 ID Level 1 (L1)
Type of ceilings Definition 1 subattribute
-- Unknown type of ceilings
CEA Ex_posed or tightly attached 13_.1. Connection Definition
ceiling efficiency
connection
CW | Wattle false ceiling -- efficiency
unknown
CG Gypsum false ceiling CCP Poor connection
cT Wooden false ceiling CCGW Well-connected e.g, RC floors with brittle hollow
but weak bricks
CM Mgt_al or mineral fibre false CCG Well connected
ceiling
CPVC| PVC false ceiling

Brick Partitions
Wall

Reinforced Brick
Wall


https://civiltoday.com/construction/wall/339-partition-wall#brick
https://civiltoday.com/construction/wall/339-partition-wall#brick
https://civiltoday.com/construction/wall/339-partition-wall#Reinforced
https://civiltoday.com/construction/wall/339-partition-wall#Reinforced
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ID Attribute 11 ID Level 1 (L1) ID Level 2 (L2)
Roof shape Definition 5 subattributes 1 subattribute
_ Unknown roof
shape
RSH1| Flat 14.1 Roof covering material Definition
RSH2 Pitched with -- Unknown roof covering
gable ends
RSH3 P_ltched and RMN Concr_ete roof without additional
hipped covering
RSH4 Pitched with RMT1 | Clay or concrete tile
dormers
RSH5| Monopitch RMT2 | Fibre cement or metal tile
RSH6| Sawtooth RMT3 | Membrane roofing
RSH7| Curved RMT4 | Slate
RsHg| Complex RMTS | Stone slab
regular
RSH9 _Complex RMT6 | Metal or asbestos sheets
irregular
RSHO (Ijtizfrshape, RMT7 | Wooden and asphalt shingles
RMT8 | Vegetative
RMT9 | Earthen
RMT10| Solar panelled roofs
RMT11| Tensile membrane or fabric roof
RMTO | Roof covering, other
‘ 14.2 Roof system material Definition
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-- Unknown roof system and materig

RM Masonry, unknown

RM1 Vaulted masonry

RM2 Shallowarched masonry

Composite masonry and concrete
roof system

RE Earthen, unknown
RE1 Vaulted earthen roof

RM3

RC Concrete, unknown

Castin-place beamless reinforced
concrete roof

Castin-place beansupported

RC1

RC2 reinforced concrete roof
Precast concrete roof with

RC3 . .
reinforced concrete topping

RC4 Precast concrete roof without

reinforced concrete topping
RME Metal or steel, unknown
Metal or steel beams or trusses

RME1 L )
supporting light roofing

RME2 Metal or steel beams supporting
precast concrete slabs

RME3 Composite steel deck and concret

slab

RWO | Wood, unknown

Wooden structurewith light roof
covering

Wooden beams or trusses with
heavy roof covering
Wood-based sheets on rafters or
purlins

Plywood panels or other light
weight panels for roof

RwO1

RwWO2

RwWQO3

RwWO4
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RWOS5 | Bamboo, straw or thatch roof
RFA Fabric, unknown

RFA1 | Inflatable or tensile membrane roa
RFAO | Fabric, other
RO Roof material, other

14.3 Roof connections

-- Roof connection unknown

Roofwall diaphragm connection

RWCN not provided

Roofwall diaphragm connection
present (the connection transfers
RWCP | in-plane forces from floor to wall
and restrains wall outward
displacements)

RTDN | Roof tiedown not provided

Roof tiedown present (a
connection that provides vertical
RTDP | attachment of roof to wall in order
to restrain roof from upward
displacement, liftoff due to wind)

14.4 Thermal / acoustic insulation
water protection, coating Definition
positions

the different layers are listed

- Unknown from bottom to top

water protection + insulation + ventilated roofs are referred
WICV . . )

covering (ventilated) to pitched roofs only

water protection + insulation + non-ventilated roofs are
WICNV P referred to both flat (where

covering (nonventilated)

ventilated roofs do not exist)
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and pitched roofs

insulation + water protection +

IWCV covering (ventilated)
IWCNV msulquon + water.protecuon +
covering (norventilated)
W insulation + water protection (no
covering)
w water protection only (no covering| possible only if 14.1 is RMT3
N no msula_uon, no water protection, possible only if 14.1 is RMN
no covering
WCV water_ protection + covering
(ventilated)
WCNV wate_r protection + covering (nen
ventilated)
Ccv only covering (ventilated)
CNV only covering (nosventilated)
14.5.1
14.5 Standingput elements Definition Slenderness, size Definition
and material
-- Unknown -- Unknown
SN No standingout elements MSIS Masonry Slender
and small
SC Presence of chimneys MStS Masonry Stocky
but small
sCo Pres.ence of chimneys and other MSIB Maso_nry Slender
soaring elements but big
SON Presence of other soaring elemen MSIB Masonry Stocky
only and big
csls Concrete Slendel
and small
CStS Concrete Stocky

but small
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Concrete Slender

CSIB | but big

Concrete Stocky

CStB and big

Fibrecement
FCSIS Slender and
small

Fibrecement

FCSIS Stocky but small

Fibrecement

FCSIB Slender but big

Fibrecement

FCStB Stocky and big

Steel Slender ang

SSIS
small

SStS Steel Stocky but
small

SSIB S_teel Slender but
big

SSiB S_teel Stocky and
big

WSIS Wood Slender
and small

WSLS Wood Stocky but
small
Wood Slender

WSIB | it big

WSIB Wood Stocky ang

big
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Table 15Ground floor hydrodynamics Group (f):Hydrological aspects
ID | Attribute 15 ID Level 1 (L1)
Ground floor hydrodynamics Definition 2 subattributes

-- Ground floor hydrodynamics unknown

Openings of facades 15.1 Height of ground floor above) Definition
GFO| Ground floor plan fully open (no walls) that are potentially ground (m)
GFH| Ground floor plan partially open (i.e. with at least 50% of wg exposed to flows - Height unknown
HGE HGF:n, height of the ground floor
GFN| Not open in meters

HGFA:n, average height of the

HGFA ground floor in meters

15.2 Protection measures Definition

-- unknown

PMN | no protection measure

Floodboards fixed to doors and

PMB .
windows
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Table 16:Foundation System

Group (g):Foundation and soil conditions

ID Attribute 16 ID Level 1 (L1)

Foundation System Definition 1 subattribute
-- Unknown foundation system
FOSSL| Shallow foundation, with lateral capacit Lateral capacity denotes some form 16.1 Geotechnical conditions Definition
FOSN | Shallow foundation, no lateral capacity| °f SPecific lateral support, e.g. tie [ geotechnical conditions unknown

- - - beams, foundation walls, inclined - -

FOSDL| Deep foundation, with lateral capacity piles, piles or piers on wide spread FLS | land subject to subsidence
FOSDN Deep foundation, no lateral capacity | footings, etc. FLL | land subject to slow landslide
FOSO | Foundation, other FLW | land with shallow water table
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Table 17:Soil class Group (g):Foundation and soil condition
ID Attribute 17
Soil class Definition

-- Unknown soil class

SCA Soil class A
SCB Soil class B
SCC Soil class C
SCD Soil class D
SCE Soil class E
VS30:# Average Shear wave velocity in the first 30 m

VSEQ:# Equivalent Shear wave velocity
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Group (g):Foundation and soll
conditions

ID Attribute 18
Topography of the area Definition
-- Slope of the ground unknown
TD HD:n, slope of the ground (n=float in degrees).
T1 Topography class Filat area or average inclination <15°
T2 Topography class F3lope with average inclination >15°
T3 Topography class F3idge with average inclination between 15° and 30°
T4 Topography class F4idge with average inclination greater than 30°
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Group (h):Fire building performance

ID Attribute 19 ID Level 1 (L1) ID Level 2 (L2)
Fire safety Definition 1 subattribute 2 subattributes
-- Fire safety unknown
structural resistance/passive 19.1.1
FR/PFF ) P 19.1 Safety measure type Definition Performance fire| Definition
structural fire protections level
AFP Active fire protection -- Safety measure unknown -- Performance fire
level unknown
FC Compartmentalization FR no passive fire protection PLI
EVAC | Evacuation FRPB| plaster boards PLII
applicable not applicable to
FRPS| sprays to FR/PEP| PLII EVAC
. . not applicable to
FRPIQ intumescent coatings PLIV AFP/ESH. FC, EVA
i not applicable to
FC fire control applicable PLV AFP/FSH, FC, EVA
FDA | detection and alarm to AFP
FSH | smoke and heat 19.1.2 Design Definition
FS stability _ -- Design unknown
TS thermal sealing ;plglclé:able ND no design
TI thermal insulation PRED prescriptive code
WS | width of the stairs . PERD performan_ce
applicable based design
EVPL Slr:r?ence of an evacuation to EVAC
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ID Attribute 20 ID Level 1 (L1)
Exterior walls Definition 3 subattributes
-- Unknown material
EWSLM | Singlelayer masonry Various type of masonry units (clay bricks, ?0.1 T_hermal / aco_qs'uc Definition
stone, blocks) insulation and position
EWSLC Slng!e layer concrete Cast inplace concrete - unknown
castin-place
EWSLCP s:ngelf layer concrete Precast concrete panels NI No insulation
EWSLG | Single layer glass Glass curtain walls, storefront glass systems | PU | Insulation position unknown Insqlgtlon present but
position unknown
EWSLW | Singlelayer Wood X-Lam panel or similar El External insulation
EWSLE | Singlelayer Earth Adobe, cob, rammed earth, bajareque, quinch Sl Sandwich insulation
sod, banco, etc.
EWSLCB Singlelayer Cement Fibre cement or asbestos boards, e@RC, FR( Il Internal insulation
based boards
EWMLM | Multi-layer masonry Various type of masonry gmts (clay bricks,
stone, blocks) separeted in several layers
Multi-laver masonr Cavity walls ("muro a cassetta"), eventually wi
EWMLMC| . . yerr y different type of masonry units (clay bricks, 20.2 Decoration and moldings | Definition
with air cavity
stone, blocks)
EWMLCP Fl;/l;r:telilayer concrete Precast concrete panels -- unknown
EWMLG | Multi-layer glass Double skin glass with air cavity in the form of ND | No decoration and moldings
small solar green house
0,
EWMLV | Vegetative Matting, palm, thatch, straw, etc. LD | Large decoration and moldings More than 15% of the
facade surface
EWMLM | Mixed panel Prefabricated mixed material panels on metal MD Mode_rate decoration and 5.15%
structure moldings
EWMLO | Other - SD | small decoration and moldings| Less than 5%
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20.3 Finishings Definition

-- unknown

BF | Brut finishings

PF | Plaster finishings

SBF | Stone board finischings

Ventilated facade with stone

VFS board

Ventilated facade with clay

VFC board

Ventilated facade with metal

VFM sheet

TF | Tile

WF | Wood planks, wood shingles

MS | Metal sheet

(@] Other
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ID Attribute 21 ID Level 1 (L1)
Openings / Windows Description 1 subattribute
-- Openings unknown
, - 5
WOL Large openings (|.ﬁnqre than .50/0 of the wall 21.1 Window protection Definition
surface area is occupied by windows and/or doors)
i i 0, 0,
WOM Moderate openings (|._efrom 29/() to 50% of the wal B Protection unknown
surface area is occupied by windows and/or doors)
- - 5 '
WOS Smal! openings (|.eles§ than 20% of the wall surfac PRO | Protected windows
area is occupied by windows and/or doors)
WON | No openings PNO | Non protected windows




