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Multi-risk conditions affecturban and metropolitan settlements, characterized in their complexity by the
interaction between biophysical (urban settlements, water, soil, etc.), infrastructural, geological and
geomorphological as well as socioeconomic subsystems. Here a conditittimgefsom the simultaneous
occurrence of hazards, both climatic and -obmatic, interacting with each other with the consequent
aggravation of overall and cascading risks is identified as-madtard (IPCC, ARG, 2022).

The cepresence of multiple hazards and the simultaneous occurrence ehanatd conditions can trigger
the attainment of tipping points (breaking points), potentially responsible for undermining the balance of socio
ecological (IPCC, ARG, 2022), envitmental and urban systems.

Compound risks are defined as "risks resulting from the interaction of hazards, which may be characterized by
single extreme events or multiple coincidental or sequential events interacting with exposed systems" (IPCC,
2022, Glossary of terms, p. 303).

The identification of settlement contexts and hotspot areas, characterized by the concentration or overlap of
detected risks and impacts, makes the application of counter measures (adaptation, vulnerability and exposure
reduction, and resilience enhancetrgtrategies and actions) a priority.

Within these contexts/areas, multicriteria assessments must be developed that are the operational translation
of the objectives, such that they can be measured to implement a comparison between various alternatives.
Criterion construction requires the defion of: meaning of a specific criterion (semantics); how the criterion

is measured (metrics); how the criterion affects evaluation of alternatives (criterion response function).

The multiplicity and complexity of interactions among different elements and systems that constitute the urban
system, as well as urban functions ensuring its livability, safety, and sustainability, make the modeling of urban
settlements a challenge. Tlexdnomic description of the various systems forming urban settlements, as well

as the ontologies useful for explaining the interrelationships between the various parts, are the subject of DV
5. 2. 1-Orieriked $akonomy and Ontology of Urban Subsysterdsar unct i onal Model so.

On the other hand, the understanding of risk and #rigkiconditions in settlements depends on a series of
factors related to the systembs exposure with re
inextricably linked to the contextual cdtidns in which it occurs and is integrated with the vulnerabilities of

the assets and systems that are part of the settlement.

This deliverabicei D¥riba2met iMaustand met hodol ogy f
addresses the theme of integrated exposure assessment, proposing a series of approaches useful for identifying
critical contexts and hotspots in urbanaeravith reference to potential mulisk conditions that may occur.

The first part of the documenClapter?) is dedicated to laying the base to tdmmceptual frameworksto
approach the study of urban settlements, including introduction of the variable relevant scales that should be
accounted for in a mufscalar approach.

Multi -Hazard: This is defined as the condition resulting from the simultaneous or sequential occurrence of
hazards, including climatic ones, which interact with each other, leading to an aggravation of the overall risk
and the potential trigger of cascading effectsipound risKs

Integrated Exposure: means that>gosure is not only understood as the presence of peoasetsn risk
areas but isntegrated with the vulnerability of the exposed elements. Factors influencing vulnerability are
considered and should be accounted for in a proper exposure assessment.

11
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Assessment Approachedviulti -Criteria Decision Analysis (MCDA) allows for measuring and comparing
complex objectives. Metrics, indices, and MCDA approaches are examined for exposure to hazards.

The following chapterGhapter3) i s dedikeowledged ©b t he Brban and Metr
Besides recalling part of the taxonomic description already introduced in DV 5.2.1, some other features such
as the Settlement models, the Seetmlogical systems and the Gewmrphological systems contributirig

the context identification, as well as recurrent urban patterns, are described. Next, a proposal for clustering
urban settlements based on common characteristics is introduced.

Urban and metropolitan settlements aradigd as complex systemspmposed by subsystentie urban
physical system(e.g., building typologies anthyoui, the socicecological system(e.g., demographic
characteristics and social vulnerability), and geemorphological system

Recurrent urban patterns (building and open space) are identified and classified to characterize settlements
homogeneously and analygetential riskimpact.Moreover,a clustering methodology is proposed to group
Italian municipalities based on common characteristics, uspmgisource data such as the degree of
urbanization (Eurostat classification) and the degree of urban centrality (SNAI methodology), in addition to
the number of inhabitants and the altimetric zone. This allows for identifying contexts with similar risk profiles.

A scorebased procedurds defined to classify and compare the incidence of different hazards (seismic, flood,
tsunami, heatwave) at the municipal level, overcoming the limitations of comparing hazard maps alone.

The subsequent chapt€i{apted) presents the concept of urban critical context and hotspots. Also, literature
examples for indicatabased identification of urban critical context or &i&ed identification of urban
hotspotsare presented.

The concept o€ritical Urban Context (CUC) andUrban Hotspot aredefined as areas characterized by the
concentration or overlap of risks and impacts. Methods for their identification using indicat@tSabhdsed
approaches are presented, with examples related to heatwaves, air pollution, and flood risk.

Finally, Chapter5 presents the use ebmpositeindicators or index for multi-risk exposureassessment,
providing a stegby-step methodology for identifying Critical ContextsHwtspots

This chapter is complemented with practical step by step examples illustrating the application of the
methodology for critical urban context or hotspots identification as well as the selection of relevant indicators
needed for the assessment in the consiieontexts and in multisk conditionsThe tool of'risk storylines"

guide the selection of relevant indicators in complex nrigki scenarios, helping to understand cascading
effects.

Finally, an application example is presented for the identification of Critical Contexts (CUC) in the
municipality of Somma Vesuviana, calculating amegrated risk index for seismic and flood risk,
aggregating hazard and integrated exposure indicators. The MCDA approach is finally highlighted as a crucial
tool to support effective risk management decisions.
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Urban settlements are complex systems composed by physical, social and ecological components,
characterizedby specific functions andrganizedin hierarchical levels(de Rosnay, 1977)In urban
settlements, the human habitat (composed, among others, of residential buildings, productive activities, service
facilities, infrastructures and networks, green gretas) interacts continuously and in a nisitialeperspective

on amorpheenvironmental spaticfunctional and technicalperformance levelsvith both the biotic and

abiotic components epresent in theeferenceenvironmental system, definimgultiple spatial relationships

that include the mobility and flows of people, the supply of water and energy resources, the exchange of raw
materials and goods, the emission of pollutantsraattrialwaste.lt is also from these relationships that the
specificities of settlements are determined (Castellari et al., 2014).

Based on these consideratiotie complexity, number and heterogeneity of the phenomena involved in urban
and metropolitarsettlements require innovative systemic and multi/idteciplinary knowledge approaches
(Losasso, 2013)ln this sense, a multiand interdisciplinary, ascalar and intesectoral methodological
approach enables the optiaiion of all the aspects involved in the different areas of transformative
intervention and in the dimensions of process, project and product, which are atdoahbxinterrelated,
combining traditional and innovative methodologies.

The city is intended as an open "living biological organigagefigure 1) in a systemic perspective that
integrates input and output flows, referring to a set of complex and heterogeneous processes of production,
transformation, use and dissipation of materials and engraperial and immaterial flowsassthroughcities
enabing life, supplying urban production and growth, but at the same time exert strong pressures on the natural
environment consuming matter and energy, producing clicteiaging gas maissions and wastéRusso,
2018).
ECOSYSTEME BRUXELLES (16178 ha)
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Figurel. The urban system as an ecosyst&ource: Duvigneaud and Denaeys Smet1977).

In the new climate regime, linear models of produectionsumptioAvaste impose a transition to a carbon

neutral society as well as a green and circular econ@iy Habitat, 2011; IPCC, 2022RRegeneration

processes on "portions of the city," getdistrict asthe "size of the minimum area of intervention in order to
13
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rely on economies of scale and to support major investments," in which it is possible to "qualify or construct
not only buildings, but also community, neighborhood services and sustainable living" (AUDIS, GBC ltalia &
Legambiente, 2011 he scale of urbadistricts isthereforeoutlined as an appropriate scalar dimension for

the transition both in reference to potential environmental, natural and anthropogenic risks and to potential
actions to mitigate, adapt and increase the resilience of urban systems.

The district dimension, conceptual and spatial, is between the urban scale and the more detailed scale of
homogeneous urban components and building bldtlesdistrict scale is therefore the most suitable to address
dynamic downscaling and upscaling processes aimed at defining mutual dependencies among the different
levels and the complexity that characterize contemporary cities configuring itself astificbiasis on which

to test the feasibility of decisieomaking processes and design solutions (£83a202).

The recognition and consequent perimeter of the extended territorial areas within which to develop the
preliminary investigations, identified as maeneas, must be based on geomorphological and rofieatic
analyses. Macrareas correspond, in fact, tiee territorial areas whose settlement characters are restituted
through thematic interpretations that include administrative boundaries, the perimeter of the examined area,
degrees of urban centrality and polarities, and information on current andeskpl@oiate. Within the macro

areas (or Territorial Areas) it is possible to identify Urban Districts, referring to an intermediate scale of
settlement between the city and the neighborhood and corresponding to areas with recognizable settlement
features ad natural boundaries (Bologna et al., 2021). The perimeter of the Urban Districts, which can differ
from the administrative boundaries, is also based on the characteristics of the built environment (prevailing
building types, density of construction, builg materials, period of construction, prevailing functions etc.),
urban infrastructure (road pattern, physical limits, etc.), environmental and datdstape aspects (natural

limits, etc.); these conditions contribute, in fact, to define the expasut@ulnerability to hazards. Figure 3
shows an interesting example of extrapolation from satellite data ofupudireas that can be used to
characterize exposure in a mdtialar approach.

MESO-SCALE
Urban District

MICRO-SCALE
Homogeneous
urban areas

Macro-area

Proposal
Administrative boundaries:

- NEIGHBORHOOD [ CENSUS TRACTS J ]

Figure2. Multi-scalar approach. Accounting for the interactions among differengystbms, a proposal for
the identification of administrative boundaries to outline mamesemicro scale entities to be investigated.
The identification of urban districts is not only in administrative boundaries, but also in accounting for built up
pattern homogeneity, natural and administrative boundaries, geomorphological features, infrastructure system,
road patterns, homogeneousromic value, construction period, and teclahtonstructive features.
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Figure3. Extrapolation from satellite data of builp areas, to be defined later in their scaling (Source:
Aut hor 6 s el alCorbaag, C..dRodriduezsDe, 8aba R., Politis, P., Syrris, V. Large scale mapping
of human settlements from Earth. Observation data with[3&€h of the JRC Earth Observatory Data and
Processing Platform, EU Joint Research Centre, Disaster Risk Manadémignt

Urban Districts are structured on the basis of different information layers, including elements of urban
taxonomies, ontologies, and specific parts of the urban fabric, in a progressive scalarity approach up to building
blocks. In this sense, the Distrigipresent urban units of conforming reference size, designed as a scalar
reference for effective interventions in preventing and reducing urban risk reduction (Lesaks2021).

The scale of the Districts is intermediate between mamas and homegeous areas, the reference is to
areas of 20,0080,000 inhabitants, contextually defined by multiple aspects that include natural boundaries,
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geomorphological features, infrastructure system, administrative boundaries, homogeneous urban fabrics, road
patterns, homogeneous economic value, construction period, and teclonsilctive features.
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Figured. An exampl e of Urban Distri ctaseai(Sheae:tBoldgnac at i on
Losasso, Mussinelli, Tucc2021).

In this scenario, the research intends to adopt a demonstrator approach linked to experimental development
actions in the field of knowledge and mtdtialar projects (mactareas, urban districts, urban and building
components of more limited dimensioras)d process (proof of concepts, strategic programs, actions, tools,
pilot projects). In the knowledge phase, therefore, in addition to the traditional analytical methods of
interpreting urban contexts, interpretative readings are also required in ocdeisider typemorphological

aspects capable oapturing relevant aspects connectedxposure and vulnerabilities.

Natural hazards are natural processes or phenomena that may cause loss of life, injury or other health impacts,
property damage, social and economic disruption or environmental degradahdB8DR, 2018). The

potential negative impact on societies, human environment and natural systems following an actual occurrence
of a natural hazard is referred to as disaster risk. Disaster risk is not only associated with the occurrence of the
natural phenomemobut also with the exposure of human and economic asseisligphenomenon and their
vulnerability conditions that mafavour or facilitate disaster when such phenomenon occur. As a matter of
fact, risk can be defined as the result of the interaction of three components: hazard, exposure and vulnerability
(IPCC, 2014UNISDR, 2018).

Hazard is the phenomenon that carries the potential for adverse consequences on human and natural systems
It is characterized by its location, likelihood of occurrence, intensity or magnitude and duration. Indeed, it can
be sudden onset events (e.g.,Hlflsods, storms, mudflows, landslides, earthquakes) or creeping processes
(e.g., droughts, salinisation) (IPCC, 2014; UNDRR, 2016). Natural hazards (e.g., earthquakes, droughts,
floods) are hazardous phenomena that have natural origins, but hazarddsmblel anthropogenic in origin

(e.g., oil spills, terrorist attacks). The exposure is represented by the presence of people, infrastructure, housing,
production capacities, species or ecosystems, and other tangible human assets in places and s=itifys that

be adversely affected by one or multiple hazards (IPCC, 2014; UNDRR, 204a6)atarcbccurs inan area

with no exposure, then there is no risk (e.g., typhon hitting the Pacific Ocean, such as typhon Lekima in 2013).
Exposure may vary both in spaand time: people and economic assets become concentrated in areas exposed
to hazards through processes such as population growth, migration, urbanization and economic development.
Vulnerability expresses the propensity or predisposition of an individuw@mmunity, infrastructure, assets

or systems (including ecosystems) to be adversely affected by hazards (UNDRR, 2016). As a matter of fact,
risk not only depends on the severity of hazard or the number of people or assets exposed, but also the
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susceptibility of people and assetshe negative effects induced by hazards play a cruciallrotgether with
exposure, vulnerability can explain why some +gstreme hazards can lead to extreme impacts and disasters,
while some extreme events do not. Vulnerability encompasses a variety of concepts and elements including
the lack of capacity of therban system to cope and adapt to hazards impacts as well (Birkmann et al., 2013;
IPCC, 2014). Coping capacity refers to the ability of people, organizatiotisexposed systems, using
available skills and resources, to manage adverse
has shown that some processes or conditions, often develemfaat, may influence the level of risk in
urbanareas by increasing levels of exposure and vulnerability or reducing capacity. Risk drivers may include
poverty and inequality, climate change and variability, unplanned and rapid urbanization and the lack of
disaster risk considerations in land manageraadtenvironmental and natural resource management, as well

as compounding factors such as demographic changedisaster riskinformed policies, the lack of
regulations and incentives for private disaster risk reduction investment, complex supply tbledlinsited
availability of technology, unsustainable uses of natural resources, declining ecosystems, pandemics and
epidemics UNISDR, 2018).

Many of the effects associated with climate change exacerbate or alter existing hydrometeorological hazards,
such as droughts, floods, storms and heat waves. Clanabgéds exacerbatetly the anthropogenic emission

of greenhouse gases and leads to alterations in global climate patterns with shifts in local precipitation,
temperature and weather patterns. This causes clislated hazards to become more intense, longer and
more frequen Climate change also stresses critical ecosystems and is likely to exacerbate gradual processes
of environmental degradation. Ecological conditions affect natural barriers thatitagate the impacts of a

disaster and protect communities providing reltdefencesagainst natural hazards. For instance, wetland
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

Also atmospheric aerosols are connecteditaate change through direct and indirect effects that interact in
complex waysaultimately affectingthe climate. It is known that aerosols can directly influence the Earth's
energy balance by either scattering or absorbing sunlight, changing the radiative forcing. Some aerosols, like
sulphateparticles, tend to scatter sunlight back into space, leading to a cooling effect on the Earth's surface.
Others, like black carbon (soot), absorb sunlight and contribwterming.

The aerosols can also act as cloud condensation nuclei, providing surfaces for water vapor to condense into
cloud droplets. The presence of aerosols can affect cloud properties, including their brightness and lifespan.

Another parameter influenced by aerosols is the cloud reflectivity (Albedo effect): the changes in cloud albedo
can affect the amount of solar radiation reaching the Earth's surface. In addition, some aerosols enhance the
longevity of clouds, affecting pegpitation patterns and regional climate.

While aerosols have both warming and cooling effects, their net impact on the climate depends on various
factors, including the type of aerosols, their concentration, and the specific atmospheric conditions. It's
important to note that efforts to mitigatkmate change often focus on reducing greenhouse gas emissions, as
these gases have a more significant and lelagéing impact on global warming. However, understanding the

role of aerosols is crucial for accurately predicting and managing climateschaddts forthcoming impacts.

Risk assessment allows to estimate the severity of human, economic, environmental as well as social impacts
expected for giverscenarig (i.e., disaster event defined in terms of its magnitude and probability of
occurrence) in a region of interest based on hazard, exposure and vulnerability conditions. The assessment of
the risk enables decision makers to understand the nature and éxtisaster risk, to formulate prevention

and mitigation policies and implement consequential preparedness or reagmrse Disaster prevention
indicates the set of activities and measures to avoid existing and future risks. As certain hazards cannot be
eliminated, prevention aims at reducing vulnerability and exposure in such contexts in order to reduce the risk
of disasterMitigation measures are actions put in plaxeeducehe severity and/or the extent of the adverse
impacts of hazardousvents.They may include engineering techniques and hazmidtant construction as

well as improved environmental and socialigies and public awarenedal Also thepreparedness actions

are carried out within the context of disaster risk management and aim to build the capacities needed to
efficiently manage all types of emergencies and achieve orderly transitions from response to sustained recovery
(UNISDR, 2018. Risk analysis also allows to identify the most suitable measures to prevent or mitigate the
effect of climate change on climatelated hazards. In a climate change context, adaptation means reducing
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the vulnerability to effects of climate change, taking appropriate action to prevent or minimize the damage
they can cause, or taking advantage of opportunities that may arise. Examples of adaptation measures include
interventions adopted ftsrge scale infrastructure changes, suck@sstruction oflefenceso protect against

sealevel rise, as welas promotion obehaviaral shifts, such agducingindividualsto redue their food

waste. Climate change mitigation refers to actions aimed to make the impacts of climate change less severe
For exampleby preventing or reducing the emission of greenhouse gases (GHG) into the atmdssiuete.

case, mitigations achieved either by reducing the sources of these gases (e.g., by increashgréhof
renewable energies, or establishing a cleaner mobility system) or by enhancing the storage of these gases (e.g.
by increasing the size of forests).

Hazardous events may occur simultaneously or cumulatively over time and in this case the potential
interrelated effects may amplify the overall risk. The case of landslides triggered by an earthquake (Chang, et
al., 2007; Lee, et al., 2008) or a tsunarugered by an earthquake (Mimura, et al., 2011) are the typical
examples of one hazard that triggers another one. In other cases, one event may cause several different threat:
which are considered jointly, as in the case of a volcanic eruption with asapshdallout and lava flows

(Zuccaro, et al., 2008; Thierry, et al., 2008) or storm surge and high wind occurred during a hurricane (Gill
and Malamud 2014). The occurrence of a hatural hazard can also trigger technological accidents. Such events
are lnown a N a t (BlatunabHazards Triggering Technological Accidents) and, although they are relatively
rare, the consequencestibése phenomeraan be catastrophic. Examples of such events occurred during last
decades arg¢he Kocaeli earthquake ih99 which was adevastating disaster hitting one of the most
industrialized regions ofurkey, (Girgin, 2011), the hurricanes Rita and Katrina in 200t caused the

release of hazardous materials from offshore oil and gas faqjtiag and Krausmann, 200&nd the Great

East Japan earthquake and tsunami in 2&tausmann and Cruz, 200Natech accidents can be also
triggered by naturatvens characterized bjow-severity and higlirequency, such as extreme temperatures,

which caused a relevant number of accidents in the pasti(et al., 2021; Casson Moreno, 2D1%he
interaction between two different hazards that occur close in time may also cause changes in vulnerability
conditions. As a matter of fact, when two hazamds on the same exposed elemgnutdnerability of the

exposed elements may be altered by the first one and, in turn, their capacity to response to the second hazard
may dramatically chang&or instance, the presence of a load on a system such as the snow on a roof could
determine an increment of the vulnerability during a seismic event (Gaistizabal et al., 2013). Therefore,

to enable stakeholders to understand the relative imporméddésrent risks for a given region and implement
suitable disaster risk reduction measurasti-risk analysis becomes a&ssentiatool. The latter requires to

account for both hazards interactions, with a deep investigation of possible chaing®badahe estimation

of the related probability of occurrence (e.g., lannacone et al., 2023) and vulnerability interactions, modelling
the dynamic change in the performance of an exposed systems. Accordingly, also the exposure assessment
should consideall possible hazards the urban system is exposed to. Moreover, the evaluation of risks related
to different sourceshould account alsfor their possible interactionsith special care tavoiding potential

unwanted effects of certain risk reduction measwon other hazard typologiekfinedasé a sy nddegi e s 6
Ruiter et al., 2021).

Knowledgeof risks is the first step toward®nsciousmplementation oflisaster risk reductiom urban and
metropolitan settlementsnd to effectivelymitigate the impact of potential hazards either on the physical
system, thegopulation or the functions/services. daientific literature, the use of the term 'mtii@dzard’ is

usually closely linked to the concept of risk reduction. In fact, in recent years there has been a growing
awareness of the need to manage, and therefore to know and investigate, multiple risks imipbateg on

assets, resources and people. The analysis of potential irgbated on a spatial approach that considers a

base area and the hazards that may occur within this area (including cascading, compound, aggregate effects,
etc.).

In multi-hazard approaches, compared to siigleard approaches, it misgtconsideedthat:

- the characteristics of hazards differ according to the specificities of the hazards and thus the methods
for analyzingthem also differ;
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- hazardous events are often interrelated and influence each other, resulting in phenomena often
described as interacting, compound, cascading, etc;

- hazards give rise to different risks and impacts depending on which elements are at risk, making the
analysis of exposure and vulnerability factors fundamental, although the methods for assessing them
vary depending on the hazards.

The multthazard approadio evaluate integrated exposta&es into account not only individual hazards, such

as those related to natural events (earthquakes, floods, storms, heat waves) or anthropogenic events (industrial
accidents, terrorist attacks, pandemica$, well as their potential interactiobut also considers the
interconnections and interactions between different urban assets, such as transport, critical infrastructure,
public health, etc. Assessing mthigzard integrated exposure allows for more effective emergency
management, as it takiego acount the interrelationships between different aspects of the city and can lead

to holistic solutions in risk planning and mitigation. Integrated exposure in this context implies a systemic and
multidimensional approach to understanding and managing ughan r

According to the recent report by the insurance group AXA and the institute Ipsos (Future Risks Report 2023,
Special 10th edition), the major risks perceived by a sample of experts and the population for the next five to
ten years have been identified ® dlobally confronted. In fact, the 'Future Risks Report' includes among the
main global risks those arising from climate change, energy, depletion of natural resources and biodiversity,
together with those linked to social tensions, financial and maaroeto instability and pathogenic
conditions(AXA FUTURE RISKS REPORT, 2023)

As is well known, risk represents the potential for adverse consequences for human or ecological systems,
recognising the diversity of values and objectives associated with such syst€@sAR6 Synthesis Report

- SYR, 2023. Relevant adverse consequences include those on lives, livelihoods, health adoeingell
economic, social, and cultural assets and investments, infrastructure, services (including ecosystem services),
ecosystems and species. For example, in the coofteslimate change impacts, ki result from dynamic
interactions between climatelated 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 magnitudend likelihood of occurrence, and each may change over time and space due-to socio
economic changes and human decisimaking(IPCC, AR6 Synthesis ReporEYR, 2023.

The exposure represents: the presence of people; livelihoods; species or ecosystems; environmental functions,
services, and resources; infrastructure; or economic, social, or cultural assets in places and settings that could
be adversely affected (IPCC, ARSynthesis RepofiSYR, 2023) and, otherwise, properties, systems, or other
elements present in hazard zones that are thereby subject to potential llussegéncy Network for
Education in Emergenci@sINEE, https://inee.org/ Measures of exposucan include the number of people

or types of assets in an aréANDRR - United Nations Office for Disaster Risk Reduction, Sendai Framework
Terminology on Disaster Risk Reductjdrttps://www.undrr.org/terminology These can be combined with

the specific vulnerability of the exposed elements to any hazard to estimate the guantitative risks associated
(Inter-agency Network for Education in Emergendid8IEE, https://inee.org/

Exposure in the urban environmestconnectedot only with vulnerabilities and hazards, but also with the
typical conditions of urban settlements. According to the definitions of IPCC in AR6 (2023) the categorisation
of areas as fAurbano by government sonh adpulason isizea | d e
population density, economic base, provision of services, or some combination of the above. Urban systems
are networks and nodes of intensive interaction and exchange including capited, @rld material objects.

Urban areas exist on a continuum with rural areas and tend to exhibit higher levels of complexity, higher
populations, and populatiodensity, intensity of capital investment, and a preponderance of secondary
(processing) and tertiary (service) sector industries.

The extent and intensity of these features varies significantly within and between urbanP£€asAR6
Synthesis Repor SYR, 2023. In this complexcontet, in which hazard and vulnerability are correlated to
exposure, is thus relevant to integriteexposureof natural and physical assets with Hueial vulnerability

to hazardsn orderto gain an overview of all contributing factors, particularly to prioritise risk management
interventions
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To this end, a useful approaisttheone adopted in the INFORM risk modBIRMKC, European Commission
Disaster Risk Managemetittps://drmkc.jrc.ec.europa.eu/inforimdey). In INFORM the risk is evaluated as
a composite indexlepending on three dimensions: haz&rdexposurevulnerability and lack of coping
capacity.

Risk = Hazard & Exposure x Vulnerability x Lack of coping capacity

As shown also in Figure below, hazard & exposure are joined in a single dimension reflecting the probability
of physical exposure associated with specific hazards.

There is no risk if there is no physical exposure, no matter how severe the hazard event is. Therefore, the
hazard and exposure dimensions are merged into hazard & exposure dimension. As such it represents the load
that the community has to deal with whexposed to a hazard event. The dimension comprises two categories:
natural hazards and humarduced hazards, aggregated with the geometric mean, where both indexes carry
equal weight within the dimension (European Commission, DRMKC INFORM,
https://drmkc.jrc.ec.europa.eu/infoiimdex)). Figure6 shows a more detailed graphical representation of the
Hazard & exposure dimension along with its components and possible indicators used for the evaluation.

The contribution of the different dimensions to risk is conceptualized in a counterbalancing relationship: the
Airi sk of whato (natural and human hazard), and t hi
5.

.............................................

Figure5. INFORM Risk Model(scaling (SourceAut hor 6 s e | a IDRMKCt Huropeanb ased o
Commission Disaster Risk Management, https://drmkc.jrc.ec.europa.eufimider).
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Figure6. Graphical presentation of the Hazard & exposure dimenSioar€eINFORM Risk Model,
https://drmkc.jrc.ec.europa.eu/infosimdex/INFORMRIsk)

Exposure has many definitions, that evolved during the last deicattiedifferent scientific fieldsaccording

to United Nations International Strategy for Disaster ReductldNIEDR United Nations International
Strategy for Disaster Risk Reduction, Terminology on disaster risk reduction, Genevg,exp@dures

defined as «the people, property, systems, or other elements present in hazard zones that are thereby subject t
potential losses*JNISDR, United Nations International Strategy for Disafisk Reduction, Terminology

on disaster risk reduction, Geneve, 2008creases in vulnerability and exposane responsible fothe

overall increase in risk, and therefore require particular attention in the formulation of policies and actions to
reduce disaster risk.

Both exposure and vulnerability are dynamic, vary across temporal and spatial scales, and depend on
economic, social, geographic, demographic, cultural, institutional, governglated, and environmental

factors. Moreover, factors affecting exposure ankherability vary considerably by hazard context, disaster

stage and national setting (Rufat et @&015) High exposure and vulnerability are linked to skewed
development processes, such as those associated with environmental mismanagement, ragightemogr
changes, rapid and unplanned economic processes, urbanization in hazardous areas, poor governance, and th
scarcity of livelihood options for the peopparticularly the poor (&dona et al, 2032

Measuring vulnerability and exposure requires an integrated understanding of components and how these
factors are combineda relevant integration can be identified in vulnerability and exposure assessment
methods. The assessment of vulnerability and exposure range from global tecleaparticipatory
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approaches, which need to be integrated using appropriate platforms. The appropriateness of methods used for
these assessments depends on the purpose of the analysis, time and geographic scale involved, the resource
available, the number and type of astaand economic and governance aspects. Such differences and how
they can be overcome to promote integration of the different dimensions of vulnerability and exposure needs
be addressed and could be examined using case studies.

Exposure and vulnerability information allow to develop risk indicators and monitor risk, so vulnerability and
exposure information are often used as indicators of relative risk and the evolution of risk over time and
geographic dimension. Thus, greatephiasis needs to be placed on the collection and analysis of vulnerability
and exposure information, to inform the development of risk indicators and the process of monitoring risk over
time and space. Several indicators of physical and smgoomic vulnebility/exposure require statistically

robust information regarding the nature of the built environment (e.g., building stock, lifelines, critical
facilities), which is often not available even in developed nations. The employment of advanced models to
predict the geographical distribution, susceptibility to damage and loss, and value of the elements exposed to
the hazards will be fundamental in a sifgecific analysis.

kel 7-’-'lsopula'\.ti6n [-)ne‘ns‘it'y'
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Figure7. Maps of exposure: population densig§o(rce:Galderisi &Limongj 2021).

Exposure assessment consists in the identification and distribution of elements located within the area of
potential hazard:

- the built environment (e.g. residential houses, commercial buildings, critical infrastructure (e.g.
hospital, heliports, ports) and facilities, public services;

- people and the social system (e.g. main characteristics of exposed people and institutions);

- economic assets (e.g. agriculture, livestock, shops, productive facilities, ecc.);

- naturalenvironmenie.g. flora, fauna, conservation areas).
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Exposure analysis mostly consists in dwimation of the quality (according to vulnerability models) and
guantityof assets pertaining to these systems located in hazardousjareasilly, alsthe assessment of the
associated economic valus performed The evaluation of exposure has improved thanks to the fast
development of satellite and remote sensing technolagthe estimation of economic value should be done

for the tangibles (e.qg. infrastructure, buildings, production of goods and services) as well as for the intangibles
(e.g. populationds welfare, cultur aklLimong,202lage, en

The identification of assets exposed to hazards is a crucial step in determining disaster risk of urban systems.
ifAsset 0 g e n e revenythihglthat migh perexpssedrita hazards anccrmatindergo the negative
consequences due to the impacting hazard, determiningskhnepopulation, buildings and infrastructure,
environment, economic activities, essential facilittes e al | fi aBuikdiags and afrastructurek o .
exposed at a given hazard may be damaged or destroyed due to the occurrence of a hazard, people may b
injured or killed, essential facilities and transportation facilities as well as economic activities may be
hampered or interrupted. The more assets are exposed thettreoisk is likely to be high. On the contrary,

in areas without exposed assets, hazards cannot generate risk. It is therefore important to identify and quantify
all assets located in hazard prone areas (i.e., how many buildings are there, how many peomenort

there and what essential facilities are presant., lifelines, services and emergency response units).

However, the simple listing of exposed elements is not enough for modelling the exposure of urban system to
natural hazards. Exposure has a close relationship with vulnerability. While the exposure identifies the exposed
assets, the vulnerability defindsetsusceptibility of such assets to impacts of hazards. Theysare both

essential to evaluate the level of disaster losses and impacts experienced in urban systems. Vulnerability
reflects the intrinsic performance of an element at risk against partltattard based on its physical, social,
economic or environmental factors. Such performance could be different also for elbatenggngto the

same asset category (e.g., buildings), determining a different level of vulnerability for each element. Thus,
when assessing exposure to a particular hazard, it is necessary to assess not only the number of elements of
given asset exposed but@l® detect related features that may affect their response to hazard. For instance,
seismic vulnerability of buildigs expresses their susceptibility to sustain a certain level of damage due to
ground shaking of a given intensity. Seismic vulnerability is usually different for different building types (e.g.,
masonry and reinforced concrete buildings) due to their diffetlypological and structural features that lead

to a different performance against earthquakes. The seismic exposure is generally expressed by building
inventory, that provides the number of exposed buildings belonging to different classes of starctures
vulnerability classes (e.g., number of buildings with masonry structure) and their distribution at territorial
scale. Therefore, for a proper exposure assessment, the main factors affecting vulnerability of exposed assets
to several hazards should beperly accounted for. Addressing vulnerability together with exposure is also
crucial to ensuring effectiveness in disaster management measures, allowing to understand which elements
exposed to hazardnostaffect the level of risk and why. It is worth mieming that integrated exposure
modelling (i.e., exposure integrated with vulnerability informatioe., vulnerability factors and risk drivers)

is a different taskhanvulnerability modelling. In fact, the exposure modelling allows to know the distribution

of exposed asset at territorial level and their characteristics that mostly affect their performance against one or
more hazards, while the vulnerability modellingyide probabilistic estimates of expectaimagempacts

under a hazardous everitaogiven intensity.

Urban system is complex amticompasseseveral assets, both tangible (most of the physical elements) and
intangible ones (e.g., the cultural values, the wellbeing of communities, psychological conditions, and
sociologicalbehaviar), that may be susceptible to significant impacts from hazardliso, as mentioned

before, many urban processes or conditions are officially recognized as risk drivers that may increase the
exposure and the vulnerability and reduce the coping capacity of urban systems as well (e.g., climate change,
unplanned and rapid wrhization, unsustainable uses of natural resources). Accordingly, integrated exposure
assessment should not only consider physical aspects (i.e., physical characteristics of elements at risk that
affect teir physical vulnerability directly linked to a particular hazard) but also social, economic,
environmental and institutional ones.
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In urban and metropolitan settlements, risk exposure results from a combination of factors. This can therefore
be described as integrated exposure and, in this specific case, an investigation may be carried out into the
interpretation of certain urban mdrgogies and their corresponding influence on impacts, either exacerbating

or mitigating their effects. For example, grid layouts, characterized by high building density, often present
permeabilities that help mitigate heat waves or theoftiof water inthe event of flooding.

The definition of "urban settlements" given in the "Report on the state of scientific knowledge on impacts,
vulnerability and adaptation to climate change in ltalgagtellari et al.2014) identifies the distinctive
characteristics, universally valid, and the variable tgsease specificities of tharbansettlements. The
opportunity for a typemorphological approach is rooted in the dichotomy between universal and specific
characters as part ofesearch aimed at identifying "contextual" ways of mitigating and adapting to integrated
exposure factors.

Figure8. Paul Klee, A sheet from the city book, 1928.

This approach presupposes the sharing of the hypothesis according to whichstvwatiorof the built

heritage is to be pursued not onlypast ofthedefenceof the human and environmental system but also in its
specific consistency and organizational structure, as the outcome of a collective expression or "human thing
par excellence", in which lies the sense of belonging of a community to a site, to ayteltti city is the

locus of collective memory" (Ros<i966).

The typemorphological analysis, aided by a perceptive reading of complex territorial structures, represents an
essential orientation tool as it traces compositional rules that govern the aggregation of parts of homogeneous
cities and the relationships beten themUnderstanding the nature of material heritage exposed to risks means
identifying the identity structure of that heritage, knowing its constitutive and evolutionary rules and, through
those, evaluating the fragilitiesf the exposedassetsUntil now this kind of knowledge has been useful in
guiding conservation andhlorisationinterventions or even informing new constructions. The climate crisis
accentuatesf the needo modulak adaptation and mitigation actions towards a desired "contextuality" and
systematic nature of the interventions.

Referring to the classificatioaf risks introduced irScience for Disaster Risk Management 2Q02@sajus
Valles, A., et al., 2021) which identifies a taxonomy of risks divided into 5 categorigSeophysical,
Hydrogeological, Meteorological, Climatological, Humarade, it can be observed that the degree of exposure
of urban settlements is generically uniform as regards the geophysicalydrogeological characteristics of
the soil, therefore inherent to factors of locati@n the othehand, shap@nd size of buildings and open

24



Finanziato
dall’'Unione europea
NextGenerationEU

Ministero .
dell’'Universita l [taliadomani
237> e della Ricerca - ;

IANO NAZIONALE
DI RIFRESA E RESILIENZA

spacestogether with thie reciprocal organizatioand correlationsignificantly affect the degree of exposure
to meteorological and climatological risks and often represent the contributing cause offdaderisks.

The distinctive characteristics of universally valid urban settlements concern: the heterogeneity of the
constituent elements (residential buildings, productive activities, service equipment, infrastructures and
networks, green areas, water bodies, etae)biunivocal relationship of interdependence that exists between
the settlement and the surrounding territory, which generates what today we wouldtecadtalarity
phenomena.

These characteristics have been evident since the beginning of the urban phenomenon and represent its reaso
for existence as well as a distinctive feature. The spread of urban settlement in the various geographical regions
proceeds in parallel with the tablishment of agriculture as a productive activity for sustenance. The
agricultural surplus, the need to conserve food products in safe places, the possibility of exchanging food
products with artisanal products or with other products grown elsewherejataothe emergence of
conurbations with different degrees of salifficiency. This took shape precisely through the contextual
presence of complementary activities that took shape in the settlement: commercial, artisanal, residential,
sacred. Often suromded by defensive systems, the settlements were connected to each other by commercial
infrastructures: roads, ports, caravans that guaranteed their subsistence (B&863dlo

The settlements were characterized by the presence within the defensive enclosure of open spaces intended fol
community assemblies or more generally for meetings which acted as a counterpoint to dense areas occupied
by residential and public buildings. Tegistence of an urban design that presides over the organization and
distribution of urban parts distinguishes "foundation" urban settlements from spontaneous agglomerations. The
"free city of Greece" represents a moment of high awareness of the urtbemesgt towards its internal
structure and its relationship with the surrounding territory. Thekwelvn settlements of Miletus and Athens

show the distinctive characters in an archetypal form and therefore more perceptible. The plan of the city of
Miletus, as planned by Hippodamus in the 5th century BC, precisely identifies the size and layout of the
residential insulae and the linked system of commercial, civil and religious areas. The "geographical"
structuring of the polis of Athens which includesastvagricultural territory delimited by natural hills and the

port area of Piraeus, remains emblematic for issues concerning the relationships on a territorial scale of a city
(see Figure®).

Figure9. Map of Miletus and map of Athens in its geographical context

The geomorphological characteristics of the site represent the reason for the location of the setdbenents
fertile nature of the sail, the richness of the subsoil, the proximity to waterways or protected bays, the sweetness
of the stone- and influene its development and decline, affecting characteristics of the urban form
(morphology) and to inform the nature of its buildings (typology).
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The identity structuresf settlementsare depositedni the specific characteristicsEven though each urban
settlement is unique from the point of view of built form, it is possible to identify formal recurrences that refer
to geomorphological issues (orography and nature of the soil), underlying geometries (linear, grid, radial),
density(ratio between volume and space occupation), to building typologies. These recurrences, mostly due
to the reiteration of customs and migrations of urban ideas (Ferl2dty4) open the way to classifications
which, proceeding by induction, through the analysis of specific case statbes, deductive logical systems

which through codification of simple settlement models allow us to investigate and understand complex
settlements generated by the combination of different models.

Through the recognition of similar characteristics, urban analysis allows us to orient ourselves in the multiple
forms that urban settlements take on when specific characteristics vary.

Urban analysis as a technigglerationatool represents the result of Urban Studies which substantiated the
disciplinary refoundation of the architectural discipline after the Second World War. Starting from the radical
criticism of the functionalist reduction in architecture, the aim was to atfierautonomy of the built form

and elected the city as an instrument of explanation and comparison.

Within these studies, the literature identifies two main lines of research which have as their object the built
form described through analytical drawings.

The first, attributable to the figure of Aldo Rossi, focuses on the analysis of the city as a totality, in which all
the components participate in the construction of a fact, the "city as an architecture”, the city as a work of art
and collective expressio In the city there are two constitutive components: the residential areas and the
primary elements, which apérmanenciés participate in the evolution of the city over time and are identified

with the facts constituting the city. The recognition & tomogeneous parts (hencernbke&hbourhoodsand

for each of these the identification of primary elements and residential areas constitutes the objective and
outcome of the urbaanalysesttributable to this trend.
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Figure10. Map of the city of Aleppo before the destruction of the civil wvesrce:Davolio, 2019).

The second way, attributable to the figure of Saverio Muratori and Gianfranco Casagaigure 11)aims

to reconstruct the reasons for urban forms starting from the typological variations of building aggregates. In
this type of study, the point of view is focused on minor construction (residences) and the objective seems to
be the recognition of a getic-evolutionary code of the permanence of settlement characteristics and building
typologies. These studies reveal a sort of line of continuity that sees the evolution of settlements taking place
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through subsequent "adaptations” of the types to external agents. It is useful to netecdahe origin of

the evolutionary procesarientation criteria aimed at mitigating climatic issues have directed the arrangement
and aggregation of types. The redesign of the typological plans of the ground floors otratirparts,
complete with the indication of the stairwells, constitutes the representative work of this line of research.

—

Figurell. The historic center of Polignano a Mare in the studies of Gianfranco Caniggia.

Both approaches contain questionstér-scalaritythat are precious for the study of contemporary landscapes,
and today appear complementary.

The urbananalyseswere commissioned to substantiate recovery or reconstruction interventions of the
historical heritage but also influenced settlement patterns of new buildings with particular reference to the
public housing districts built after the Second World War.

The "explosion" of the urban phenomenon marked the end of the oppositional dialectic between city and
countryside by establishing new interrelations between city and territory (CatB8@), producing the
emerging geographies of the metropolitan suburbs, of theug®an, of widespread urbanisations, of mixed
production tertiary (Lanzan2013. Accordingly,the object of urban investigation goes beyond the boundaries

of historical and consolidated settlements to address the "new landscapes”, legitiynittesd use and
recognition by the communities. The new settlements, built very quickly compared to the slow times of the
historic city, seem to sever the links with the settlement rules, generating spaces of friction, especially in places
of interference etween heterogeneous landscapeshis Territory of architecture (Gregotti, 1986) which
becomes a palimpsest (Corboz, 1986) the geographical context as the "background" of the urban settlement
finds its structuring function in relation to the differenaterials. Knowledge of its form and consistency
becomes essential for a reading aimed at understanding the heterogeneous urban facts. Perceptive readinc
becomes a decisive key to accessing the "landscape as a structure of the territory" (Pagano dilit&ingha

the threedimensionalityof urban settlements too often studied only through plan drawing. From this point of
view, the urban studies of Lynch, De Carlo, Renna and Bisogni reveal themselves to be precursors of a
perspective that seems usefuldganore than ever.

The reading method developed by A. Renna and S. Bisogni in their degree thesis, using the perceptive approach
together with the typmnorphological one, seems to bring together the issues and allow the discovery of the
connections between the different kgttents and the contexts. The structure of the research reveals the
knowledge of arinter-scalaritywhich does not proceed as a unidirectional cascade but which indicates a
cyclical methodencopassingBreakdown of the perceptive field of the study area into simple elements,
Definition of boundary conditions, Reconstruction of partial units, Reconstitution of global unity.

As examplethedrawingsin Figure 2 highlight the preminence of the morphology of the site over the formal
nature of the settlement: the understanding of the orographic structure precedes the analysis of the typological
levels structural density, structural condition, structural form and analysis of the road structure: density of
the road network, shape of the road network.
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Figure12. Drawings from S. Bisogni, A. Renna, Il disegno della citta di Napoli, 1974 (1964).

Another method of analysis, which can be defined as complementary and integrative if related to the
consolidated urban and typological studies by Caniggia and Rossi schools and that establishes significant
synergies with the topographical reading by Reand Bisogni, isthe oneproposed, recently, by Uwe
Schrdder and his research group of RWTH Aachen University in the German context. The urban systems are
observed as artefacts and analysed in order to reveal their structure, described through -theeKigranend

plan (Rowe, Koetter, 1978) and the Hfiglde plan, in their historical and spatisolution (Schréder, 2015n

this approachthe typology is investigated in relationship to its capacity@ormatiord (Pareyson, 1954) of

the spaces of the urban systems. Therefore, the spaces within urban systems are classified into warm/red or
cold/blue spaces based on the degree of internality or externality, on the architectural or morphological nature
of the horizotal and vertical boundaries, on the urban or rural connotation, ddedeatio® [Widmung],

inclusive or exclusive that spaces assume in relationship to their predominantly grutricate use. The
analysis proposed by R&lue Plan is of strong intescalar meaning. At the territorial scale, the Spatial
History is represented by paralleling the significant phases of the evolution of the urban systems, through the
use of historical maps, in a diachronic fofgee eg. Figure B).

Figure13. Naples Spatial History. Figuigackground plan and Rddue plan from the GreeRoman city to
the contemporary city

At the intermediate and detailed scale, red and blue can assume two different gradations to identify, in the
built, respectively with dark and light red, internal/internal spaces and internal/external spaces: the former are
closed on all sides and coverdlaoe seconds closed not on all sides and not covered. Blue and light blue are
also distinguished depending on the rural and landscape or urban connotation of the spaces that are not
architecturally delimited and open. The theoretical reference derivedReaimgestaltung German theory
(Schmarsow, 1894) but also from architectural Spatialism, among others by Sigfried Giedion (Giedion, 1941),
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Bruno Zevi (Zevi, 1948) and Christian Norbe®ghulz (NorberegsSchulz, 1975). From a methodological
operational point of view, it could be interpreted as an update and a data increase of what in the La Nuova
Topografia di Roma (1748) by Giovanni BattistalNbi and i n the Mappa topogr af
suoi contorni (1775) by Giovanni Carafa, Duke of Noja, where the most important buildings of the city reveal
their typological structure through the representation of entrance halls, portidoesuatyards, bringing out

the relevant and original character of dense but,

This method of analysis could be useful because finalised to insert the third dimension in the reading of the
urban system, adding information (permeability of soil, section ratio of spaces etc.) that have potentially impact
on risk conditions.
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Figurel4. Typological and Spatial Analysis. On the left: The primary elements in the dense structure of the
city. On the right: Interior and exterior urban spaces

Following a clarification of the risks to which the built heritage is exposed, it appears useful to carry out a
classification of settlement models capable of linking the geometric settlement scheme and densities to
geomorphological characteristics and seduently proceeding with the examination of the formal and
perceptive structure of the contextat may resultomplex and evearitical depending on a combination of
endogenous and exogendastors

The urban analysis, through a correlation of perceptive andntywphological approaches, will offer the
opportunity to clarify the gradual exposure of the built heritage.

The examination of the critical contexts within the respective landscape units will facilitate an appropriate
modulation of mitigation and adaptation measures in coherence with the objectives of identity reconstruction.
With a view to valorising and increig the sense of belonging deposited in the identity structures of places,
this type of approach allows the preparation of systemic strategies faatideof contemporary landscapes.
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QF8 . Padenic romane

Figurel5. S.Muratori. Atlas (unpublished) of the territofyadania Romana (Source: Lombardini, 2017)

The approaches for assessing exposure, impacts and their potential reduction on people, assets and resource
resulting from the combination of different types of hazards include, on the one hand, the modelling of climate
hazards through projection scenarand, on the other hand, the physical and seodmomic characteristics

of urban settlements that affect exposure and vulnerability factors. The assessment of these determining
components in the evaluation of risk impacts must consider multiple dimengierphysicaénvironmental

impact of climate hazards, the ability of the system to recover after an extreme event and to adapt to changes
in the long run, and the soesconomic characteristics of the system that contribute to adaptation efforts.

Quantitative approaches are, therefore, essential to improve the understanding of environmental, social, and
economic effects for the purpose of risk mitigation. In quantitative approaches to risk analysis, deterministic
indices and indicators are essehnti@ols for assessing vulnerability and exposure to impacts in urban
settlementsThe selectionandthe development of indices and indicators used in quantitative assessments of
vulnerability, exposure and hazard factors must be supported by a review of existing literature and the
availability of data. Indicators reduce the complexity of multidimensiosaless through their proportional
guantification, allowing complex ideas, processes, and scaling to be analysed, compared, and communicated
In this way, a risk assessment based on indices and indicators can integrate data from different disciplines
(Fleminget al., 2023).

The selection and analysis of indicators for estimating the vulnerability and exposure components of urban
settlements provides parameters that can be measured and monitored over time. These tools and processe
provide a solid basis for assessing the enatuof these determinants and implementing staortl longterm

climate risk management strategies (D'Ambrosio, 2016).

The Exposureis related to the presence of people, structures, infrastructures, livelihoods or services in the
urban system that could be adversely affected and exposed to impacts and is directly associated with the
Vulnerabilitiesof "n" subsystems (physical, socioeconomic, etc.) of the urban settlement. Following the IPCC
AR5 and AR6 models (IPCC, 2014; IPCC, 2023) for assessing the impact of climate phenomena, this relation
is summarized in the following formula used to assess the tmpac
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many cases the vulnerabilities of the various subsystems are aggregated into a single indicator of vulnerability
of the entire urban settlement; then, the previous formula for the impact can be teduced

I=f(H; E; V)

where V is the vulnerability of the urban settlement.
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To assess exposure, indices are constructed to measure the value exposed to risk in specific units of
measurement (for example, measures of surfaces in hectares or square meters, measures of volumes in cubi
metres, measures of population density in nurobarhabitants per square kilometer, etc.).

Starting from these indices it is possible to build indicators, appropriately partitioning the index measurement
domain into classes and assigning a label to each class, with a specific semantic meaning.

For example, suppose that the index measures the population density in a specific area of the urban settlement
analyzed, in a range between 100 and 20,000 residents per square kilometer, and that you wish to obtain an
exposure indicator made up of threasdes: labeled, respectively, low density, medium density and high
density, specifying that the area is not very dense if the number of inhabitants is less than 500 residents per
square kilometer and very dense if it is greater than or equal to 500(htegidesquare kilometer.

The following table synthetize this exposure indicator.

Tablel. Exposure indicator sample.

Low density 100 500 Exposure < 500
Medium density = 500 5000 500 O Exposure <
High density 5000 50000 Exposure O 5000

In GIS-based models an indicator can be obtained applying a thematic classification process, where a thematic
class is a class equipped with a symbol, as well as a label. All entities belonging to the class are displayed with
the class symbol on the map.

The lower and upper ends of the index ranges are called breaks. A thematic classification method for value
ranges must be used to determine the breaks of each class in an appropriate manner. The following table lists
the main thematic classification metlsddr value ranges used in GIS environments for thematic classification.

Table2. Thematic classification methoéts value ranges used in GIS environments

Manual The breaks of each class ¢ This method is adopted when the breaks of each clas
specified by the user already known and set in scientific literature, in legal norm
by appropriate calibration processes

Equal The domain value of th This method is adopted when we want that each class r
interval indicator is partitioned ir exactly an equal width subset of the attribute domain regar
equally wide ranges. of the number of thematic elements that will belong to

class. This width is given by the extent of the domain divi
by the numbr of classes

Quantile  The breaks of each class ¢ This method is adopted if the number of elements belongi
determined so that eac each thematic class is required to be approximately the s:
class has approximately tt
same number of elements.
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Natural The breaks of each class ¢ This method is adopted when we require that the elen
breaks determined so that the su belonging to a thematic class have values as similar as po
of the standard deviatior to each other and as dissimilar as possible from the on
values calculated for all th elements belonging to other classes. This method is th
classes is as low as possit default themac classification method; it provides the bt

semantic distinction between the classes.

Standard = The amplitude of the valu Thes method is used when it is necessary to exploring wh

Deviation intervals in each class the distribution of attribute values is random (that is, freque
given by a submultiple of distribution follows a Gaussian trend) or if it is not f
the standard deviation of tt anthropic, historical, regulatory reasons. which broke
attribute values. causaliy.

The natural break method is the most used thematic classification method. It is based on the Jenks algorithm
(Jenks, 1977)n iterative algorithm that determines optimal break values by minimizing the average standard
deviations in each class. Recently a study of thematic classification methods in climatic risk analysis applied
to classify heat islands is given in (Lu et &22).

In order to build integrated exposure indices or indicators, it is necessary to prepare a normalization process
that allows the individual indices and exposure indicators to be compared. This process can follow different
approaches. A first feasibleappcoa i s t o normali ze the input indice
two types of exposure, made up of two measurement indices: extension of urban green areas in hectares, and
density of residents in number of inhabitants per square kilometer. Ifnyendi to obtain an integrated
exposure index for normalization processes, it is necessary to make the two indices dimensionless, normalizing
them to the same interval, for example [0,1]. Therefore, if the extension of urban green areas is within a range
between 0 and 10 hectares, it is possible to divide the value of the index by the width of this interval, i.e. by
10, obtaining a dimensionless value between 0 and 1.

If the index or indicator of the integrated exposure depends on the input indices n based on a known function,
it is possible to obtain this index is calculated using this function.

Another way to obtain the integrated exposure index/indicator is to uselmrgd process in which IF.. THEN
rules are defined. For example:

IF the number of residential buildings in poor condition is greater than 10 and the population density is greater
than 5000 inhabitants per square kilometétEN the integrated exposure is "Very high".

A typical functional or rulebased approach is one that allows to obtain composite indicators starting from
intermediate indicators, providing a hierarchical model of the indicators.

In recent years, the frequent occurrence of extreme weather events caused by rising temperatures has increasel
the risk of flooding and earthquake disasters, and their occurrence is increasing worladket(, 2023;
Sadhukharet al.,2022) These disasters significantly threaten human survival and affect social development
(Sen et al., 2021; Wang et al., 2020; Khosravi et al., 2019), making the interconnections between economic,
environmental, and social processes increasingly evident.

The United Nations Office for Disaster Reduction (UNDRR) and its partners launched the "Make Cities
Resilient" campaign in 2010 and defined resilience as "the ability of exposed systems, communities or societies
to withstand, absorb, adapt, transform, eewbver promptly and effectively from the effects of hazards, which
includes protecting and restoring basic structure and functions through risk management" (Dilanthi &
Pournima, 2019).
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As early as 1990, Funtowicz and Ravetz pointed out that decisions on environmental problems are particularly
characterized by uncertainty, high stakes, urgency, and controversy (Funtowicz and Ravetz 1990). In the field
of environmental decisiemaking, Multi-Criteria DecisionAid (MCDA) can address problems involving

more than one objective. Several theoretical (e.g., Munda 1995; Castells and Munda 1999) and empirical (e.g.,
Janssen 1992; Andreoli and Tellarini 2000; Mendoza and Prabhu 2000) studies dwanetheit MCDA

provides a useful tool for decision aid in this field, as it allows for multiple objectives, the use of different
types of data, and the involvement of different stakeholders. The choice of a particular method depends on the
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specific problemand user requirements. Since the number of existing methods is already quite large and
continues to increase, choosing the "right" method is not an easy task.

Several authors have compared maitieria algorithms regarding their consistency, relative accuracy, speed,

etc.

De Montis et al. (2004) proposed a comparison of seven different MCDA methods (MAUT, AHP, Evamix,
ELECTRE lll, Regime, NAIADE and programming methods) through a list of quality crit@riassessing
their usability consideng the most relevant sustainable development isgiresauthors grouped the quality

criteria according to three main aspects:

- operational components of MCDA methods (characteristics of the method derived from its theoretical

basis),
- applic

ability of MCDA methods in the useroo6s
terms of cost and time, or criteria referring to the structure of the predwénimg process, considering,

for example, the possibility of stakeholgmrticipation)

- applicability of MCDA methods considering the structure of the problem (possibility of including

c

indicators with specific characteristics needed for problem solving, the type of data to be used and
their availability).

Starting from the methodology proposed in De Montis et al. (2@04omparing different MCDA methogs
the aim is tanvestigate the existing literature about the use of different MCDASs in asséssiegposure
related to four hazard categories: flooding, coastal flood, heat wave, earthquake. In this document is presented
a first step of this research with the aim of using db&ined result tgpropose anew set of criteria for

comparing the usability dMCDA methods in thexposure assessment

ANP

AHP

Fuzzy AHP

AHPSort Il

Table3. MCDAs methods comparison regarding exposure assessment

The Analytic Network Process (ANP) method was introduced by Saaty in 1996. It is an essential
articulating the understanding of a decisimaking problem as it allows for the comparison of t
elements against a third element in the system, asgabe relative influence of one element on 1
other with respect to an underlying control criterion. PNA is used to derive relative priority scz
absolute numbers from individual judgements (or real measures normalised in relative form) tl
belong to a fundamental scale of absolute numbers and is useful for transforming intuitive in
judgements into real responses that are reflected in actual measurements in the real world (Saa
The Analytic Hierarchy Process (AHP) is one of the most used MCDA is a special case of the .
was developed by Thomas L. Saaty in 1980, to organize and analyse numerous models ar
opiniorntbased complex choices, changing them in a hierarchicaitgre. By identifying the element
of decisionmaking such as goal, criteria (indicators) and alternativesi(slitators), AHP allows tc
prioritize and relating them to each other and simplifying the analysis and demiaiong. The weight
of elemens in a certain level of decisiemaking is gained through a weighted linear summation me
based on pairwise comparison.

The Fuzzy Analytic Hierarchy Process methoedMfP) was proposed from Buckley (1985), combini
AHP and fuzzy logic theory to solve the ambiguity, uncertainty, and inaccuracy in AHP (Schwarz
due to the inclusion of subjectivity in decisiaraking aml inconsistent limits.

Ishizaka et al. (2012) presented "AHPSort," a preferased method for AHP sorting. Sorting ci
(Gujansky et al., 2014) and risk levels (Xie et al., 2019) are two uses for it. Given the Decision |
preferences for "limiting" or "central profilegf each class's benchmark, it helps the Decision M:
organise a set of alternatives into many classes. The number of pairwise comparisons requirec
increased quadratically with the number of possibilities; however, AHPSort minimises this requir
The Decision Maker must provide AHPSort with advance notice of the number and standarc
classes in which the options will be categorised and grouped. The RAKHhd "AHP-K-veto") variant,
in which items are automatically grouped based on thebeumf ordered classes, can be used in
absence of such data.
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A second version of the AHPSort, known as "AHPSort II," was introduced by Miccoli and Ist
(2017), in line with the wave of methodological advances in the literature. This version signifi
reduced the number of pairwise comparisons required bpdeesion Maker and, consequently, t
cognitive effort associated with it. It merely compares a small number of typical points acrc
performance range of the alternatives, after which the scores of the actual ones are interpole
authors desdoe how the AHPSoil variation would require just 1.54% of the pairwise comparis
that would have been required with the originally presented AHP, resulting in a significant reduc
the cognitive input of the Decision Makers in an environmentaingpapplication. This contributiot
may undoubtedly be considered significant because it allows the AHP to be realistically appli
wide range of options, as opposed to the earlier recommendation that the AHP be used to eva
alternatives usig the approach that was first introduced (Saaty et al., 2003).

Technique for Order of Preference by Similarity to the Ideal Solution is a MCDA method develoj
Hwang and Yoon in the 1981. It is used in different fields of scientific research to support de
makers between different alternatives of specific guisj. It is based on the concept that the chc
alternative should have the shortest Euclidean distance from the positive ideal solution and the
Euclidean distance from the negative ideal solution. The positive ideal solution is defined as dlfie
all the best values that can be reached for each attribute, while the negative ideal solution cons
the worst values reached for any attribute. Based on the comparison of the relative distance, an a
priority can be defined.

The weighted sum model (WSM) (Fishburn, P.C. (1967), also known as Simple Scoring Method,
Additive Weighting (SAW) (Churchman et al., 1954; Salehi and Izadikhah, 2014), Weighted |
Combination (WLC) alczewski and Rinner, 2018y Factor Rating (Sorooshian, 2018). The WS¢
was used in a number of studies to calculate a value by adding up the attribute values and mt
them by the appropriate weights. Every selection criterion in WSM has a score allocated
alternativesand each critéwn's weight is taken into account before the weighted total. For this re
the MADM technique is attacked for being the sum of disparate types of data, without a w
determining attribute weights, and having a bmiltproblem with the generationf @ependence
information that is not logically ordered among the attributes. It is clear from this that the incape
the WSM and other MADMs to interpret data from many sources is one of their main limitatior
example, these are not applicablesituations where decisiemaking groups or experts are not awi
of or familiar with specific criteria (or at least one criterion) in decisiking situations involving
multiple criteria due to incomplete or limited awareness, knowledge, expertiséhesr reasons
Therefore, there are two sets of criteria used in the deaisading process: the decision criteria deriv
from a shared information source, usually a group of experts, and the specific criteria derived
separate information source.

A common statistical quantifier for characterising intricate systems is the Shannon entropy.
identify aspects of nonlinearity in model series, which helps to provide a more trustworthy expl:
for the nonlinear dynamics of various points of gsml. This improves our understanding of {
characteristics of complex systems that are nonequilibrium and complex (Yao et al., 2020
complex systems, but not all of them, also have the property of having heterogeneous distribt
linkages in ddition to complexity and nonequilibrium (Jolliffe, 2002). Shannon entropy is the teri
the idea of entropy that he used in information theory for computer science data commur
(Shannon, 1949, 2001). The t e roffambigeity and capdgnines
(Bugata and Drotar, 2020). It won't be difficult to predict the class of new data if we assume the
the existing data belong to a single class. In this instance, entropy is 0. Entropy, which is a
between 0 and leaches its maximum value when all probabilities are equal (Galar and Kumar,
Rajaram et al., 2017). The degree to which this incidence has a low likelihood determines what
belongs in, depending on the variables (Sabatini, 2000; Conforte 2029).

ELECTRE, was developed by Roy in 1985. The

|l a REalit®0 and express the ability of thi:cs
qualitative nature, b) using very heterogeneous scajevoiding overcompensation effects through
use of the concordance index and the existence of veto thresholds, d) considering imperfect kn
of the data and arbitrariness in the construction of criteria, e) finally, considering the reasaoms
against outranking. It comes in four main revisions (ELECTRE I, II, lll, and 1V) (Roy, 1991) as w
two other versions (ELECTRE IS and TRI) (De Montis et al., 2005). The processing of a sys
pairwise comparisons of the options forms the fatioth of the ELECTRE technique. It is based o
system of preference relations (SPR) according to which if an activity is thought to be at least as
another, it will rank higher than the other (Roy, 1996).

The VIKOR (VlIseKriterijumska Optimizcija | Kaompromisno Resenje) technique (Otay & Kahra
2022), introduced by Opricovic in 1998, aims to rank and select the most suitable alternatives (\
Chang, 2005) that define the percentage of closeness ¢tptiheum optionorse al | ed fc
o p t i(Babashamsi et al., 2016).

One of the most common models of grey system theory is Grey Relational Analysis (GRA), often
as Deng's Grey Incidence Analysis model. Professor Deng Julong first suggested GRAY(JLO82).
GRA determines whether or not data sequences are cletaigd by analysing the geometric curv
degree of similarity. The sequences are more relevant the more similar the curves are, and v
(Liu et al., 2017). Different kinds of "grey relational degree" values, also known as "degree (
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incidence," are included in GRA models. A quick explanation of one of the models' variations it
below. Deng's GRA model has been widely used in numerous study disciplines because it ref
inter-influences among the elements analysed basduearotrelation coefficient of specific points (T:
and Deng, 2012).

The COPRAS is a new MCDM method used to maximize and minimize the criteria value. This r
selects the best option or a set of alternatives that helps in detialdng by considering the idei
(positive) and worst (negative) solutions and acts avaluaion ranking in terms of the meaning a
usefulness of the options (Ghased et al., n.d.; Roozbahani et al., 2020). In other words, it is an ins
based ranking approach that works with the idea of weighted arithmetic operations, taking imdb
the nature of the criteria (Ramana et al., 2022; Stefano et al., 2015).

COPRAS

Continued heat waves will undoubtedly threaten sustainable social development ani pateile especially
increased mortality (Guo et al., 2017; Yang et al., 201@t al., 202}. Therefore, in the context of global
warming, it is necessary to strengthen the knowledge of extreme environmental risks for city residents and
develop adaptation strategies for decision makers to improve urban resilience (Li et &)., 2019

In addition, in order to take mitigation measures, it is important to identify places where heat risk is strongest
based on a locdével assessment (Estoque et al., 2020) where the urban heat island effect can accelerate the
formation of extreme heat arfidrther threaten the health of urban residents (Gao, Hou, & Chen, 2019; Li &
Zhou, 2019; Patz, Campbélendrum, Holloway, & Foley, 2005).

The Intergovernmental Panel on Climate Change (IPCC) has used the Heat Wave Duration Index (HWDI) to
assess heat risk (Radinovil & Lurii, 2012), whil
response perspective (Sheridan & Dixon, 2017; &hal., 2014). But in both cases, there is no systematic
approach to understanding heat wawduced risk (Azhar, Saha, Ganguly, Mavalankar, & Madrigano, 2017).

Following IPCCreport (2018) climate change risk is determined by three aspects: hazard, vulnerability, and
exposure.

Some studies have identified indicators to assess the impact of heat waves on human health, such as
temperaturéhumidity index (WBGT) and the Universal Thermal Climate Index (UTCI) (Emmanuel, 2005;
Matthews, 2018; Wang, Tian, Kim, & Yin, 2019) but they svartroduced into the hazard field without any
reference to the framework proposed by the IPCC and especially with a specific focus on the local scale.

Moreover, the effects of heat waves on human health are closely related to factors involving aspects related to
peoplés physiological state and economic conditions, but also to aspects related to the quality of services in
urban settings (Johnson, Stanforth, Lulla, & Luber, 2012; Schmidtlein, Deutsch, Piegorsch, & Cutter, 2008;
Stillman, 2019)Dugnue assessing vulnerability requires consideratigegératomplex locatiordependent
physiological variables and other social and environmental factors (Aubrecht and Ozceylan 2013a, b).

Vulnerability is considered a function of the level of exposure to heat waves, the level of sensitivity to a heat
wave, and the level of adaptive capacity of the population (McCarthy et al. 2001, Oppenheimer et al. 2014,
Wilhelmi and Hayden 2010). Exposugeoften related to local climate and urban meteorology, as well as to

the pattern of land use in the urban area. By it is meant the nature and degree of exposure of a system to heat
waves. Population density turns out to be the most widely used indicassess it (Estoque et al., 2020).

Sensitivity is influenced by differences in so@&oconomic status or cultural aspects of the population
(Lundgren and Jonnson, 2012) and focuses on people who are more susceptible to heat waves: the elderly anc
people with diseases result with a higheelesf mortality (Chen et al, 2015; Sun et al., 2014), as well as the

very young, socially isolated people, and workers engaged in agriculture (Zhu et al., "2@jtive

capacity concerns the ability of individuals or regions to cope with extreme teagby reducing its
vulnerability. (Zhu et al. 2014) and is related to individual precaution awareness and regional economic and
medical capacity (Rinner et al., 2010). Differences in exposure, sensitivity, and adaptive capacity will create
vulnerable ppulation segments.

Both the exposure and sensitivity components are based on quantitative data from models, measurements, or
aggregate data, while adaptive capacity is assessed through both qualitative (interviews) and quantitative data
from surveys (Wilhelmi and Hayden 2Q1Thus, vulnerability is a function of events occurring in natural and

human systems, influenced by external factors (such as climate change, economic factors, etc.) and by factors
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within the system (such as a per&oar systerds adaptive capacity) (Lundgren and Jonnson, 2012). For this
reason, the impacts of heat waves vary widely across locations and at different scales (Knowlton et al. 2009;
Page et al. 2012) due to variability in localized microclimates resulting from thelexity of their physical

and built environments (Bassil et al. 2009), socioeconomic development (Rey et al. 2009), and adaptation
strategies (Huang et al. 2011).

In the study of natural hazards, census data on demographics and socioeconomic factors are the most
commonly used to find critical vulnerabiligoints (Wilhelmi and Hayden 201@®ut this approach does not

take into account the micro scale (e.g., the neighborhood or block) at which it would be useful to assess
vulnerability to identify realistically related mitigation and prevention strategies for territories (Schmidtlein,
Deutsch Piegorsch, & Cutter, 2008). Therefore, Wilhelmi and Hayden (2010) progstadyain which they

try to assess local vulnerability to extreme heat by exploring the relationship between people and place.

Oberg (2009) used a tool developed by the Swedish Land Mapping, Cadastre and Registration Authority,
Lantmateriet, to identify vulnerable groups during heat waves, based on geographic information systems (GIS).
The author identified three groups of the imnagnerable population segments (women older than 65 years,
children younger than 3 years, and people with heart or lung disease, as well as people with allergies that affect
breathing) by mapping their distribution in the Swedish city of Vaxjo, whertethavas conducted. Reid et

al. (2009) used census data to map vulnerability to extreme heat in the United States and create a cumulative
heat vulnerability index. In the study, 10 variables were mapped and analyzed fereldeat
morbidity/mortality, ncluding demographic and socioeconomic variables (age, poverty, education, living
alone, and race/ethnicity) and other variables such as land cover, prevalence of diabetes, and access to air
conditioning. Using a principal components analysis, they foondftictor loadings of the heat vulnerability
variables that explain the variance among the variabkscial/environmental vulnerability (below poverty

line, race other than white, less than a high school diploma, no access to greensspmaakeisoation (living

alone, being over 65 and living aloneprevalence of air conditioning (no central air conditioner, no air
conditioning)- proportion of elderly/diabetes (diabetes, age over 65).

As argued by EEein and Tonmoy (2015), the most common method of aggregation in the literature, which is
occasionally based on mu#ttribute utility theory (MAUT), usually creates rankings by building a global
utility function via weighted summation. Mertheless, IndicateBased Vulnerability Assessments (IBVA)
rarely, if ever, satisfies the related criteria for additive independence and full understanding of system
interactions by analyst. The authors create a comparison between the structures pfdBems and Mulki

Criteria Decision Analysis (MCDA) problems. They demonstrate how a set of methods known as Outranking
Methods, which were created in MCDA to address criteria incommensurability, data uncertainty, and
preference imprecision, provide IBMAith a viable substitute for multiplicative or additive aggregation. They
construct thresholds of difference, reformulate IBVA problems within an outranking framework, and apply an
outranking approach, ELECTRE lll, to evaluate the relative vulnerabilitisoocal government areas in
metropolitan Sydney to heat stress. The findings supported the ranking ouicolbussness and suggested

that assessments with a combination of qualitative, -gemmtitative, and quantitative indicators, threshold
effects, and ambiguities regarding the precise relationships between indicators and vulnerability are better
suited foran outranking approach.

Qureshi and Rachid (2021) provided an interesting review of academic research oecritardi DST
approaches for urban heat mitigation, highlighting tha¢¥aiuatehe Urban Heat Stress (UHS) the following
methods were applied: Analytical Hierarchy Process (SWOT) (Sangkakool et al., 2018)¢crifrith
outranking approach (MCDA and IBVA) (Hein & Tonmoy, 2015), Enhanced Fuzzy Delphi Method
(EFDM) (Mahdiyar et al 2018), Fuzzy decisiemaking trial and evaluation laboratory (FDEMATEL)
(Tabatabaeetal, 2019), Multicriteria method by linear regression(Foissard ef8ll9), The technique for

order of preference by similarity to ideal solution (TOPSIS) (Kotharkar e2@2Q), Spatial MultCriteria
Evaluation (SMCE) (Januadi Putra et al., 2019), Fuzzy Analytic Hierarchy Process, Fuzzy TOPSIS (Asghari
et al., 2017). Interestingly, some interpret heat wave evaluation from the perspective of heat wave mitigation
through he adoption of naturbased solutions (such as green roofs) (Mahdiyar et(dl§; Zangkakool et al.,

2018; Tabatabaee et al., 2019).
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It is now increasingly recognized that cities are the places most exposed to climate threats (Mabrouk and
Haoying, 2023). Decreasing their vulnerability and increasing their resilience is an increasingly urgent goal
that requires thinking systemically aoder the long term, taking a multidisciplinary approach. In this context,

it becomes crucial and necessary to address the issue of flood risk starting from the study and analysis of flood
exposure factors.

Mabrouk & Haoying (2023) point out that flood exposure and vulnerability are interrelated aspects that
influence each other (Le Cozannet et al., 2013; Kovacs et al, 2017): flood exposure negatively affects
vulnerability just as certain vulnerability facsaisocioeconomic index, financial capacity of inhabitants, living
conditions) can lead to variation in exposure based on geographic variations and social and political standards
(Barthel et al.2013). The authors propose a classification system-fuskatlistricts based on the use of fuzzy
AHP-VIKOR, WSM and TOPSIS (FAVWT as abbreviation) concepts to classifislatdistricts, reporting
accuracy as the main reason for their choice: the study ignores socioeconomic indicators but the combination
of theseconcepts succeeds in simultaneously considering methods released at different times and meeting all
previously ignored indicators. Forfgur indicators related to flood risk were identified and evaluated by one
hundred and thirteen Egyptian climate expemd then classified using fuzzy AHP. The results of this study
demonstrate the correlation between urban form and the spatial distribution of flood risk, showing that it
increases near traditional downtown patterns and decreases when moving to dispiteses in the city
periphery. So urban form is taken as an indicator that, when combined with othgpatiah indicators, is
particularly significant in analyzing flood trends.

Gudiyangada Nachappa et al. (2020) proposed a comparison of the predictive performance of three different
modeling approaches, including MCDA models (AHP and ANP), ML models (RF and SVM), and ensemble
modeling based on DST optimization %M, AHP-ANP) tomap flood susceptibility. The results showed

that ML models (SVM and RF) were better than MCDA methods (AHP and ANP) and, most importantly, the
RF model achieved the highest accuracy among all ML and MCDA models, highlighting that the weakness of
MCDAs is the uncertainty associated with criteria weighting based on expert knowledge. In addition, the
interrelational connections in the structure of the PNA made its performance more satisfactory than that of the
AHP model.

Azizi et al. (2023) used the novehsemble MCDM framework to assess flood vulnerability for 26 watersheds

in Ardabil province, starting with the calculation of exposure, sensitivity, and resilience factors (Balica &
Wright, 2010; Tingsanchali & Promping@022; White et al., 2005) to floods and identifying 19 criteria. To

this end, they developed and compared four different aggregation frameworks by integrating the Complex
Proportional Evaluation of Alternatives (COPRAS) (Zavadskas & Kaklauskas, 2002)eadil tDepartment

for International Development (DFID) approach (Balica & Wright, 2010; White et al., 2005) with the widely
used weighting methods of Shannon entropy (Entropy) and analytical hierarchy process (AHP).

In contrast to this study, Peng & Zhang (2022) argue and demonstrate that the combir@RIAKRgame

theory weighting is more reasonable than the AHP and-EHhiiFopy Weighting Method (EWM) methods for
determining the weight of indicators. Their urbarotlaisk assessment model is based on the selection of six
flood hazard and vulnerability assessment indicators, and a risk map was generated based on the GIS platform.
For the case study examined, Jinshui District, the results showed that the risk igrhigfieas with lower
elevation and higher economic development.

The recent study by Chaulagain et al. (2023) proposes the flood susceptibility mapping of Kathmandu
metropolitan city based on the identification of the most flood susceptible local administrative unit using a
multicriteria decision analysis model, incladi analytical hierarchical process (AHP) and weighted linear
combination in geographic information system (GIS). Six hazard criteria were identified: slope, elevation,
drainage density, precipitation, land use and land cover, and distance from theheivattér was the most
significant criterion, followed by precipitation and land use and land cover). The results confirmed that this
model is a robust technique for weighing flood indicators by providing valuable support to local governments

in implementng the local adaptation action plan, budgeting, policy formulation, formulation of flood
preparedness and response strategies, and implementation of programs in the affected area. It also provides ¢
valuable starting point for other cities that are prejgafor climate resilience improvement.
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Sharifi et al (2021) conducted an interesting study in which urban resilience is related to three different urban
form patterns: traditional, serpianned and planned. Nine selected neighborhoods of Shiraz, an ancient
Iranian city, were categorized basead these three patterns and their resilience to three main stressors was
evaluated: earthquakes, extreme heat events and floods. Also in this study, the method used is based on the
combination of Shannon entropy and the VIKOR method is used to rank tiencesof each neighborhood

to each of the three stressors. The results show that, overall, the physical form of planned neighborhoods is
more conducive to urban resilience. In contrast, the urban form of traditional neighborhoods was found to be
less redient. However, some variations were found depending on the type of stressor considered. The paper
concludes by emphasizing the need to consider social and economic factors in future studies on the resilience
of urban forms.

Tu et al.(2023) porpose new multicriteria decisiemaking method (MCDM) GEW-MGLA (GEM)-

AHPSort Il, combining the AHPSort Il method, the-B% method and the MGLA method, to assess flood
resilience in Hubei Province, China. The authors motivate the choice of this combiofaticethods by
analyzing the convenience of their use based on the following criteria: capability of handling multiple
alternative classification problems, adequacy in supporting group deunisikimg, agility in the decision
processand reliability in the results. Specifically, the authmeposea framework of indicators for assessing
regional flood resilience from the perspective of objective and management factors in order not only to assess
the flood resilience of each city, but also to understand the potential differences in the perfofnemcte o

city under the different assessment indicators. The study shows that although the assessment results may
attribute the same level of resilience for different cities, yet there mgsebedifferences in the performance

of different assessment indicators. This aspect becomes of great importance to local government departments,
which, by studying and analyzing assessment results and indicator data, can improve regional resilience to
flood disasters.

Zhu et al. (2021) propose a framework based on the use of the VIKOR method together \@tieythe
Relational Analysis GRA) methodclassification method assuming that VIKOR performs better than the
TOPSIS method because it not only considers the distance between each alternative and the positive and
negative ideal solutions, but also takes into account the relative importance diSbaties (Li et al., 20b).

Moreover, it is particularly suitable from a decisimraking perspective because it also considers the balance
between the whole and the individual, making the decisiaking process more reasonable. To attribute
mathematical robustness to the rankjated by VIKOR, GRA is then applied to estimate correlations between

the city under study and other cities taken as benchmarks for comparison. The indicators used in this
framework are physical, social and economic and are divided by considering thphthses of the flood

disaster cycle (before, during and after).

In the study by Li et al. (2019b) the VIKOR methodl®used but in a more extended form than the traditional
modelto improve the handling of hybrid information and to achieve a higher group consensus than traditional
VIKOR methods with equal weights. In additida,increase the flexibility of linguistic judgments of experts,

fuzzy hesitant in urban flood resilience indicators an integrated indicator system for flood resilience assessment
with hybrid information was considered. The method was testedautheastern coastal cities of P. R. China,
ranking them according to the results.

Coastal erosion vulnerability assessment is widely used to assess the degree of coastal zone loss caused b
erosion and plays an important role in coastal natural resource protection, planning, management and decision
making. Several studies have atterdpte quantify the vulnerability of coastal systems in recent decades.
combining various sets of parameters and doing single and multivariate analyses. Almost all of these studies
follow some basic steps, including scaling, weighting and combining elefeot& or more categories of

coastal vulnerability factors. However, each study used a unique method for each step.

As pointed out by Tanim et al. (2022), the damage caused by sudden catastrophic events highlights the urgency
of adopting systemic approaches for an integrated vulnerability assessment of coastal systems (Ahmed et al.,
2021), considering the coexistencabi/ulnerability factors associated with the various subsystems of coastal
regions and simultaneously analyzing seeiwvironmental and biophysical aspects. It is from this perspective

that urban planning, nature conservation and emergency manageegiestrmust be reorganized.
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Generally, the factors that are considered in the vulnerability analysis of coastal areas, in relation to their
guantitative and qualitative characteristics, can be classified into: physical characteristics, hydroclimate,
environmental factors, socgconanic perspectives, and shoreline vulnerability (Tanim et al., 2022). From
the simultaneous combination of these five groups of vulnerabilities and using theCkilgitia Decision

Making (MCDM) approach, the same authors developed two integrated indsmsaénvironmental coastal
vulnerability (CVF50 and CVI90), referring to average and extreme factor conditions, respectivedy.
Probabilistic Principal Component Analysis (PPCA) was used to obtain dakstd CVI against which the
CVI-50 and CV#90 were compared. To assign the weights of the different vulnerability groups needed to
estimate the final index, this study employs atrapic weighting technique, avoiding the risk of subjectivity

in individual judgments (present in most cases where MCBMsused). Finally, a geospatial analysis was
used to process data derived from both the MCDM and PPCA in order to assess the vulnerability to natural
hazards of six coastal counties in South Carolina. Validation of the results shows that @ 1Gsthod
underestimate biophysical vulnerability to coastal hazards while bot¥®9C@¥hd PPCA present more robust
results for vulnerability from biophysical and socioeconomic factors, confirming the greater importance placed
on decisioAmakers' opinions in usingCDM while the PPCA technique is more suitable for assessing high
dimensional vulnerability.

The study by Cao et a2022 proposes a coastal erosion vulnerability assessment system for the Great Bay
area of the Pearl River Estuary based oniritegrateduse of 12 indices anithe analytic hierarchy process

(AHP) method, Technique for Order Preference by Similarity to an Ideal Solution (TOPSIS) method,
independent weight method, Jenks natural breaks method (Jenks), exqersitigity-adaptation (ESA)

model and obstacle degrd@ée 12 indices are divided into 5 categories: coastal charactehstitedynamic

forces, economy, population and coastal reconstruction. The results show that coastal characteristics, coastal
shallows and protective capacity are key elements in controlling erosion.

Fu et al. (2022) assessed coastal erosion vulnerability through the coastal erosion vulnerability (CVI) method
and identified 8 assessment indicators. The weight of the overall index was calculated using the Delphi method
and the entropy weight method. Gioantitatively assess the temporal and spatial distribution of coastal erosion
vulnerability, the global index was combined with the CVI and geographic information system (GIS)
technology. The eastern coast of Qiongdong was studied, identifying 5 defgvefrsecability and allowing

an assessment of the overall performance of the area with respect to erosion vulnerability. A number of factors
were identified as major controlling factors influencing coastal erosion vulnerability in the study area (such as
that the interannual downward erosion rate of the beach, and the rate of change of the isobath and the coastal
dynamic factor), providing an important methodological reference for the development and management of
the coastal zone in the study area.

Also, in the research of Hossain et al. (2022), the coastal vulnerability index (CVI) was calculated using
Gornitz's CVI model and the Analytical Hierarchy Process (AHP) method were used to understand the spatial
distribution of physical vulnerability along theoastal stretch between the Indian Subarnarekha estuary
(Balasore district, Odisha) and the mouth of the Haldi River (Purba Medinipur, West Bengal). Six geological
parameters, such as elevation, slope, bathymetry, coastal geomorphology, shonetjee aridh coastal land

use, and four physical process variables, such as mean sea level (MSL), mean tidal range, significant wave
height, and storm surge height were taken as input data for the ArcGIS ver. 10.5 tool through which coastal
vulnerability mappng with respect to coastal hazards was developed. The results of the study showed that both
models simulated similar results of probable inundation extent of two different storm surge scenarios of wave
heights O 3 m and O 5 nhyuseluhfe coastal plamers, desistod makess apda r t
administrators to identify and implement risk reduction policies.

The study by Ghosh and Mistri (2022) aimed to assess the-mazkird coastal vulnerability of the Matla

Bidya interest area of the Indian Sundarbans Delta, considering exposure, sensitivity, and adaptability. Again,
the analytical hierarchy process (AHFKas used to calculate coastal vulnerability from 26 indicators using in
combination with remote sensing data and geospatial techniques.

Ahmed et al(2021) proposed an integrated approach for coastal erosion vulnerability assessment in the eastern
coastal region of Bangladesh. Thirteen spatial criteria were identified with respect to two components of
vulnerability, namely physical and socioeconomic vulnditgbThe analytical hierarchy process (AHP) was

used to weight the criteria, which were then combined to generate individual vulnerability indices. Finally,
integration of these indices with the physical and social vulnerability indices allowed thik avleexability
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map to be developed. Geospatial techniques were used to examine the pattern of vulnerability to the effects of
coastal erosion. Receiver operating characteristics (ROC) technique was used to validate the results.

Finally, Serafim et al(2019 developed a coastal vulnerability index (CVI) to assess the vulnerability of the
coast of Santa Catarina State (southern Brazil) to incident wave climate from the integration of the adaptive
capacity index (ACI), composed of socioeconomic and local Vegaland the susceptibility index (Sl),
composed of physical variables. Coastal dynamics resulting from nearshore wave processes were analyzed
through numerical models and integrated with other variables in a geographicatidorsystem (GIS). The
analytical hierarchy process (AHP) was used to obtain the hierarchy of variables for the index, considering
five classes of vulnerability. The results of the AHP showed greater relevance of physical variables than
socioeconomic antbcational variables, highlighting the importance of including such variables, such as
waves, in the definition of coastal zone management measures.

In the last decade, a growing number of researchers have become increasingly interested in the use of Multi
Criteria Decision Making methods in earthquake studies (Jachdin et al., 2023; Flores et al. 2021; Walker
et al. 2021), integrating qualitatiaad quantitative indicators to manage the complexity of decision making.

In the past, some studies, such aszbkardast'®ne(2013) focused on assessing social vulnerabilisyng

factor analysis to identifjts subdimensions, with their primary variables, to be includedhimAnalytic

Network Process (ANP). The results of the factor analysie used irthe ANP to assign weights to the
different social vulnerability variables in order to calculate both factor scores for eadserision and the
composite social vulnerability index (SOVI). This approach has been applied and validated in Iran's counties
and resultedrobust for constructing a composite SOMere the SOVI was considerad a factor capable of

guiding and directing natural disaster management strategies by local authorities and the national government.

Rezaie and Panahi's (2015) resedrighlightedthe importance of considering qualitative and quantitative
indicators to study the seismic vulnerability of an amdP and GIS spatial modelingre identified as
preferred methodsAHP to categorize and weight the indicatasnsidering them simultaneously and
evaluatinghe importance of eadh relation to the others. Gi® manage, integrate, and analyze data derived
from the ndicators The proposd methodwas usedor developing a seismic vulnerability map from the
simultaneous analysis of four factors of geotechnical, structural, social and physical difteneeithor
suggested thatguiring data through field studies and integrating these four different categories of information
makes the map closer to reality.

Also Ar mak et emghasizedl thé ddaplion of interdisciplinary approatbegeveloping a global

seismic hazard vulnerability index. Tke&perimerdtion was done through spatial approach in Bucharest,
Romania, the most earthquagone capital city in the European Union, by developing a global seismic hazard
vulnerability index based on a multicriteria analysis, to process spatial socioeconomic data, and analytical
metlods (the improved displacement coefficient method and cudesmed vulnerabity functions) to
estimate damage patterns, incorporated in a GIS environment. The results show that mitigation efforts can be
improved through interdisciplinary approaches that compensate for uncertainty in model inputs due to less
detailed data sets. Ihis way, useful and robust seismic vulnerability indices can be obtained to spatially
identify building vulnerability models.

Xu et al. (2016) used an iterative method based on the application of the multicriteria model and the
corresponding GIS solution method to solve the multicriteria problem of locating urban earthquake evacuation
shelters, demonstrating the effectivenestheir approach from an urban planning perspective.

Nyimbili et al. (2018) integrated the Hierarchical Analytical Process (AHP), the Technique of Sorting
Preference by Similarity to the Ideal Solution (TOPSIS), and GIS to produce seismic hazard and risk maps in
the Kiclukcekmece region of Istanbul, Turkeypdgraphy, distance to the epicenter, soil classification,
liquefaction and fault/focal mechanism were identified as the main factors that most influence the impact of
earthquakes. Seismic hazard maps prepared by this method showed high correlatiorpatidilitym

Jena and Pradhan (2020) also pioneered and tested a method for assessing seismic risk in Aceh, Indonesia
from the combination of crosslidation artificial neural network (fourfold ANICV) with a hybrid method
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of hierarchical process analiechnique of order of preference by similarity to ideal solution (AHP
TOPSIS). The authors motivate the choice of neural networks based on the fact that they are recognized in the
literature for their ability to improve gitscale probability mapping. In addition, special emphasis was placed
on predictive accuracy in probability mapping through the identification of specific indicators. This mapping
was then used for hazard assessment. Second, social and structural famordewtified to develop a
vulnerability map. Finally, a risk assessment was obtained by multiplying the hazard and vulnerability indices
by these factors and calculating the population and areas at risk. The results show excellent levels of accuracy
andconsistency.

Manyaga et al. (2020), through a review of 36 academic papers about the use of MCDM planning and
management of natural disasters, highlighted that there is a lack in this field particularly in pre and post disaster
phases. In this context, MCDM are inteafad as tools able to support the effective planning, to forecast
imminent disasters and to prepare accordingly, thus mitigating the loss to human life. The study reveals that,
especially when it comes to earthquakes, the availability and accessihiétiabfe and ugo-date geospatial

data supports decision making and facilitates disaster management.

Roy et al. (2021) selected 19 variables, including physical, environmental, and socioeconomic geography, and
utilised the analytical hierarchy process (AHP) to assess the hazard, vulnerability, and exposure indices in the
Bangladeshi Mekhna River estuamga. They used the area under the curve (AUC) to confirm the accuracy

of assessing the level of erosion risk.

Jamaitud-din et al.(2023) used the Analytical Hierarchal Process (AHP) and Weighted Linear Combination
(WLC) methods to assess seismic vulnerability, relying on 24 indicators separated into four vulnerability
components (systematic, structural, sembmnomic and geological)

Aghataher et al. (2023) pioneered a hybrid method in Tehran based on modifying a rainfall optimization
algorithm (ROA) into a gradient descdrdsed algorithm (GROA) and integrating the latter with a fuzzy
analytical hierarchical process (FAHP). Finallygeographic information system (GIS) was used to identify
areas where a discontinuity in emergency response occurs after a destructive earthquake. The results of this
study confirm that the use of GROA can improve the existing approach, avoiding localsoptand
optimizing the process of identifying key locations for emergency response.

Table4. MCDAs methods used for differeptincipalhazards

Multi-criteria outranking approach (The authors compared the structures «

IndicatorBased Vulnerability Assessments problems and MCDA problems El-Zein and Tonmoy (2015)
ELECTRE IlI

AHP based on SWOT (Strength, Weakness, Opportunities, Threats) anal: Sangkakool et al. (2018)

The authors developed an Enhanced Fuzzy Delphi Method (EFDM) for
identifying criteria.
Multi-criteria linear regression method was used to build a model of the U

Mahdiyar et al. (2018)

Foissard et al. (2019)

Heat Island.

Heat wave
TOPSIS Kotharkar et al. (2020)
AHP to analyze the parameters involved in the UHI phenomenon. Sangiorgio et al. (2020)
Delphi methods used to identify the most important criteria.
Fuzzy AHP to weigh the selected criteria. Asghari et al. (2017)
Fuzzy TOPSIS technique for choosing the most suitable heat stress inde»
Spatial MultiCriteria Evaluation (SMCE) Januadi Putra et al. (2019)

The enhanced fuzzy Delphi method (EFDM) and fuzzy decisiaking trial
and evaluation laboratory (FDEMATEL) approaches.

Flooding A combination of fuzzy AHPVIKOR, WSM, and TOPSIS concepts (FAVW*
as an abbreviation) in ranking risky districts
Dempster Shafer Theory (DST), Support vector machine (SVM), Analyticc Gudiyangada Nachappa et a
Hierarchical Process (AHP), Analytical Network Process (ANP) (2020)

Tabatabaee et al. (2019)

Mabrouk & Haoying, (2023)
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Novelensemble MCDM frameworks: the complex proportional assessmel
alternatives (COPRAS) and the UK Department for International Developi
(DFID) approach was integrated with widely used weighting methods of

Shannonds entropy Hi&ardhy Rrgeesy(AHRPN d /£

GIS, Game theory, Combination weighting
GIS based MCDA using AHP
AHP, TOPSIS

G1-EW-MGLA (GEM)-AHPSort II method is proposed by combining
AHPSort II method, GEW method, and MGLA method.

VIKOR, GRA

Hesitant fuzzy VIKOR, Information aggregation

MCDM approach, to develop two integrated indices of secieronmental
coastal vulnerability (CVb0 and CV190).

Probabilistic Principal Component Analysis (PPCA) to obtain abasad
CVI.

Entropic weighting technique to assign the weights of the different
vulnerability groups.

Geospatial analysis to process data derived from both the MCDM and PP
The analytic hierarchy process (AHP) method, Technique

for Order Preference by Similarity to an Ideal Solution (TOPSIS) method,
independent weight method, Jenks natural breaks method (Jenks), expos
sensitivityadaptation (ESA) model and obstacle degree method are used
conjunction with 12 evaluation indis to construct a coastal erosion
vulnerability evaluation system.

Coastal Erosion Vulnerability method and 8 assessment indicators to asst
coastal erosion vulnerability.

Delphi method and the entropy weight method to weight the overall index
Geographic Information System (GIS) technology in combination with the
global index and the CVI to quantitatively assess the temporal and spatial
distribution of coastal erosion vulnerability.

Gornitz's CVI model to calculate the Coastal Vulnerability Index (CVI).
The Analytical Hierarchy Process (AHP) method to understand the spatia
distribution of physical vulnerability.

ArcGIS ver. 10.5 tool to develop the coastal vulnerability mapping with
respect to coastal hazards.

The analytical hierarchy process (AHP) to calculate coastal vulnerability fi
26 indicators using in combination with remote sensing data and geospati
techniques.

AHP to weight the criteria.

Geospatial techniques to examine the pattern of vulnerability to the effect:
coastal erosion.

Receiver Operating Characteristics (ROC) technique to validate the resul
AHP to obtain the hierarchy of socioeconomic, local and physical variable
the Coastal Vulnerability Index (CVI).

GIS to analyze coastal dynamics resulting from nearshore wave processe
other variables.

AHP to weigh five main criteria that have the strongest influence on the in
of earthquakes, which were also used as input into the TOPSIS method.
GIS (ESRIArcGIS) to produce earthquake hazard maps.

GIS-supported iterative method

AHP and Weighted Linear Combination (WLC) methods are used to ident
earthquake vulnerability.

AHPi TOPSIS
AHP and PROMETHEE
Fuzzy multicriteria model (FUMCO)
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Azizi et al. (2023)

Peng & Zhang (2022)
Chaulagain et al. (2023)
Sharifi et al. (2021)

Tu et al. (2023)

Zhu et al. (2021)
Li et al. (2019b)

Tanim et al. (2022)

Cao et al. (2022)

Fu et al. (2022)

Hossain et al. (2022)

Ghosh and Mistri (2022)

Ahmed et al. (2021)

Serafim et al. (2019)

Nyimbili et al. (2018)

Xu et al. (2016)
Jamalud-din et al.(2023)

Jena and Pradhan (2020)
Nassereddin et al. (2019)
Opricovic & Tzeng (2003)
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GlS-based earthquakeiggered hybrid framework for suitability analysis

using a Fuzzy Analytical Hierarchical Process (FAHP) and Gradient Rain ' Aghataher et al (2023)
OptimizationAlgorithm (GROA).

AHP and GIS Rezaie and Panahi (2015)
Hybrid Factor Analysis and Anal yt Zebardast(2013)

Improved Displacement Coefficient Method and custtafined vulnerability

functions) incorporated in GIS method Armak et al.

Here is an example of how different criteria should be considered for the assessment of each phenomenon:
Heat Wave

- Land Use and Vegetation cover to assess the presence of heat islands.

- Urban Geometry to consider specific parameters such as building height, street distribution and the
presence of solar glare.

- Human Activities that contribute to heat islands, such as vehicular traffic and industrialisation.

Floods

- Topography and Hydrography to assess the areas most susceptible to flooding.
- Land Use/Land Cover can be included to understand how human activities influence flood risk.
- Critical Infrastructure as their location can be an important criterion for assessing flood risk

Coastal Erosion

- Coastal Topography to assess areas most vulnerable to erosion.
- Climate and Tides informations can be crucial in understanding the extent of coastal erosion.
- Presence of Infrastructure can be included to assess the impact on erosion.

Earthquakes

- Economic losses associated to the cost of buildings repair/reconstruction.
Impact on population (injured/deaths)

Business interruption

Time to recover

However, the key to using multriteria methods is the careful definition of relevant criteria and appropriate
weighting according to the specific situation and priorities of the stakeholders involved in the assessment.

There are several muitriteria methods used for the assessment of earthquakes, floods, heat islands and coastal
erosion. Some of them are most commonly used considering specific hazard:

Heat Wave

- Topsis (Technigue for Order of Preference by Similarity to Ideal Solution) is used to assess the severity
of heat waves as it helps to rank alternatives according to their distance from the ideal solution.

- MCDM (Multi-Criteria Decision Making) as generic approach that can be customised to assess various
aspects of heat islands, such as temperature, land use, etc.

Flooding

-  MCDA (Multi-Criteria Decision Analysis) as generic approach that can be adapted to flood
assessment, allowing simultaneous assessment of multiple criteria.

- GIS (Geographic Information System), together with reriteria techniques, can provide a spatial
assessment of flood risk by integrating geographical data andaritdtia decisions.

Coastal Erosion

- AHP is successfully applied to evaluate and rank the various criteria associated with coastal erosion.
- Geographic Information System (GIS) technology in combination with the global index and the CVI
to quantitatively assess the temporal and spatial distribution of coastal erosion exposure.
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Earthquakes

- PROMETHEE (Preference Ranking Organisation Method for Enrichment Evaluation) helps to
compare alternatives based on multiple criteria, considering stakeholder preferences and facilitating
the evaluation of emergency response systems.

- AHP (Analytic Hierarchy Process) allows criteria to be structured and prioritised according to relative
importance, facilitating the assessment of earthquake complexity.

- Fuzzy Logic can be used to address the uncertainty and lack of accurate data associated with
earthquakes, offering a more flexible assessment.

In many cases, it is also possible to combine several methods to achieve a more complete and accurate
assessment.

DI RIFRESA E RESILIENZA
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Starting from the development of the observation component of the urban systeata@ndihg to national
regulatory guidelines, Nation&limate ChangeAdaptation Strategy (SNAC, 2015) and Climate Change
Adaptation Plan (PNACC2022, an exposur®riented taxonomic reading of urban settlements should be
identified, consistent with potential actions for adaptation and risk mitigation.

In the framework of the cited documents, actions have been divided into two main types: type A or soft actions
and type B or nowsoft or green and grey actions.

Soft actions are those that do not require direct structural and material interventions, but are still instrumental
in their implementation, contributing to the building of adaptive capacity through increased knowledge or the
development of a favourablegamisational, institutional and legislative context.

The macro categories of information actions, development of organisational and participatory processes, and
governance belong to the soft types.

Grey and green actions, on the other hand, both have a component of materiality and structural intervention.
However, the latter differ clearly from the former by proposing 'ndtaseed’ solutions,e., the sustainable

use or management of natural 'services', including ecosystem services, in order to reduce the impacts of climate
change. Finally, grey actions are those related to improving and adapting facilities and infrastructures to
climate change, wbh can in turn be subdivided into actions on féieli, materials and technologies, or on
infrastructures or networK®NACC, 2022, [¥3).

According to these guidelines, 3 ssistems can be identified for the sectoral subdivision of urban settlements:

the green sulsystem and the grey siglystem which refer to the physical characteristics of the urban system,

the soft suksystem which refergo the functions and services and processes provitleel. subsystem
constituted by the population must be added to these to understand the vulnerability and exposure relationships
established between this and the soft, grey and green subsystems.

For a further understanding of the Agkiented taxonomy of urban settlements, DV 5.2.1 should be referred
to. In the paragraph below, we provide a description aimed at understanding the relationship between exposure
factors and the subsystems and comptmeonstituting the urban system.

This reading distinguishes the physical component on the one hand and the functional/service component on
the otherin accordance with the cognitive approaches of urban science and architeicitgever, this
differentiation allows the elaboration of a knowledge model of the urban system based on the integration of
the three identified mactsystems (soft, hard and populatiém}ystematically represent urban conditions and

the interconnections between natural elements and those influenced by the anthropic component.

Thephysical parbf the urban settlemenis made up of two sectorsilibsystemsGreen and Grey, composed

of subareas identified on the basis of typ@rphological, environmental and spatial characteristics. The Grey
domain is composed of the physical systems that structure the urban settlement, i-ap huaéas,
technological systems and netwark$ie Green domain is composed of the physical systems of Green and
Blue systemgdesigned to provide natural services, including ecosystem services)\degethted areas and
Non-vegetated areawhich include elements such as parks, beaches, dune systems, river banks, uncultivated
areas, etc.).

The soft system does not refer to physical structuring and material aspects but to service supply and process
development (including the development of organisational, institutional, legislative, information,
participatory, governance contex¢gonony etc.).
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Figure1.Subsystems and components parts of urban settlement system (elaboration based on PNACC, 2022).

The identified suksystems allow for a harmonisation of knowledge bases to establish the use of shared
approaches and to use common types of data and analysis models to represent the impact of hazards of differen
nature (seismic, volcanic, climatic, etcThis phase constitutes an important aspect to be considered in the
process of prevention, mitigation, preparedness and response to catastrophesiskraskessment models
(environmental, natural and anthropogenic hazards).

The knowledge of the urban system in relation to specific hazards aims to identify specific characteristics and
performanceof the built environment, enabling the elaboration of databases useful to define strategies,
framing quantitative and qualitative data and informatibime am of the analyses is to identify relations
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between settlememtesignprinciplesand processes ofonstructionand formation of the built space in the
functional, socieproductive and urban identity responsensideringhe need to acquire multiple quantitative
data of the physicadystemtogether withqualitative dataof a synthetic nature and other roweasurable
aspects (Losassd al, 2021).

In terms of design, in order to develop effectigk-orientedsolutions, it will be essential to address the factors

that influence the behavior of urban areas in relation to the presence and contribution of natural components
such as the rate of soil artificialization, the overall density of tree masses andahanek summer wind
patterns, and the phenomena of polluting and cliralieging emissions that alter atmospheric behavior
(MATTM, 2014, pp. 649%650). This contributes to the protection and restoration of active ecosystems capable
of providing effectivesolutions for reducing the risks arising from climate change, such as contributing to the
storage, infiltration, retention, and runoff of rainwater during flooding events and cooling during heat waves
through evapotranspiration and shading provided bytatige surfaces, thereby increasing resilience (WEC,
2024).

Taxonomy therefore supports the identification of physical elements, soft components, and social systems
potentially impacted by climate risks, in order to reduce vulnerabilities and exposure fHuedraplemented
knowledge modelgoherent with the taxonommust considerthe identity and characterization factors of
places, the interpretation of their environmental, cultural, functional, and critical characteristics. Thus
developed, the knowledge models are configured as complex processes, due to the multiplicity atfonform

and data that, at different scales (buildoen spaceneighbourhoodslistrict), relate typanorphological,
physical, functional and performance aspe@tsese analyses are functional to accurately understand the
integrated exposure of the builp areas. Urban settlements are thus organized based on different levels of
information, in a progressive scaling from urban districts to building blocks.

Table5. An example of environmental, technological, and functi@paltial analysis used to assess the
integrated exposure of buillp areas.

SECTORAL SYSTEM SUBSISTEM Environmental Technological Functional-spatial
AREA analysis analysis analysis
Settlement analysis
. i i fl
Construction (orientation of layouts,

Energy demand . features of urban
techniques
elements)

Urban structure
Thermal beaviour (schwartzplan,

. Buildin e ) .
o in summer 9typ private/public space)
Building
DS Thermal behaviour . Land use
S Age of construction
in winter
Grey sectoral Built-up CO; emissions Form factors
area areas Solar radiation Facade ratio
Flows (energy,
Natural ventilation = Number of stories  materials, waste)
Atmospheric :
. .p . Height
precipitation
Direct solar
radiation Soi bilit
oil permeabili i
CO, emission of p y Settlement analysis
Outdoor open spaces
spaces . .
Sky View Factor Materials and
I i techniques for Urban structure
Natural ventilation paving
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Relative humidity

Air temperature

Land use
Surface Materials and
temperature techniques for
Mean radiant shading elements
temperature
Albedo Flows

Thermal comfort

Urban areasre characterized byomplex and dynamic interactions between society and ecosystems. They are
ideal to study the links between people and nature to better understand thecetmmgecal dynamics and
responses to environmental changes (Caft®82). Studies on such areas, however, have partially captured
the coupled sociecological nature of urban environments (Frank et28l17). Biologists focused on the
structures of ecosystems in cities while social scientists examined cities based on theiossiciaiton and
complex and variable definitions (Sass2008).

Social science research has started to investigate the impact of the natural environment on urban life with the
inclusion of principles of human ecology, developed by the sociologists of the Chicago School between the
20s and 50s of the last century (HawylE950). These urban studies have significantly influenced the definition

of humanrecological interactions in cities. For example, the positive effects of urban green spaces on the human
population (i.e., health, physical activity, psychological ¥eling) and social cohesion have been explored
(Barbosa et al. 2007).

The assumption that urban areas are dynamic hubs where changes are the result of economic, political, social,
and ecological interactions, has pushed researchers to focus more on the connections between biological
characteristics and the complex seemmbgical relationships of citie@Breuste et al.2013; EImqvist et aJ.

2013; Grove et al2013. This has allowed, of course, the overcoming of sectoral thinking and approaches
and the opening of new lines of discussion and research on urban areas.

Research on urban metabolism is a domain in which the natural and social sciences find obvious points of
convergence. Urban metabolisitine process of production, flow and consumption of materials and energy in
cities- is a topic used in urban studiesinwestigate infrastructure, energy efficiency, recycling of materials

and waste management in urban ecosystéhis.approach has allowed scholars to more clearly represent the
interconnectedness between urban ecosystems, the-nedaral processes thahape them and the
relationships of power, becoming effective in showing "how urban environmental and social change are
mutually determined and how these metabolic processes provide cues for creative pathways towards more
democratic urban environmental jpi¢s" (Hayen 2014). Studies on urban metabolism have centered, for
example, on the lifestyle of urban residents and their ability to adapt to stressful urban co(ditzrgs

2013. Additionally, they have examined indicators to assess the liveabilitpamrmade environments
(Kennedy et a).2011) and on issues related to urban water, pollution, gentrification, food safety, and the
environmeni{Heynen 2014; Loftus 2012; Gabriel2014).

The approaches aimed at uniting the ecological and social dimensions of cities find synthesis in the description
of them as 'complex SociBconomicSystemé( SES) . Redman et al . (2004) de
of biophysical and social factors that regularly interact in a resilient, sustained manner; a system that is defined
at several spatial, temporal, and organizational scales, which may behoalgrdinked; a set of critical
resources (natural, socioeconomic, and cultural) whose flow amdsueegulated by a combination of
ecol ogi cal and soci al syst ems; and a perpetually
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Socialecological systems are linked systems of people and nature, emphasizing that humans must be seen as
a part of, not apart from, nature (Berkes and Folke, 1998). The social component refers to all human activities
that include economy, technology, ek and culture. On the other hand, the ecological component refers to

the biosphere, that is, to the part of the planet on which life develops.

More specifically, thesocial system is the patterned network of relationships constituting a coherent whole
that exist between individuals, groups, and institutions. Interactions take place through behaviors, actions, and
specific activities (economic, political, educational, etwijhin the framework of regulatory rules and other

types of constraints that limit the variety of acts allowed to each subject with respect to others (Gallino, 1988).

Parsons (1951) organized social systems in terms of action units, where one action executed by an individual
is one unit. Social systems rely on a system of language;udtinde must exist in a society in order for it to

gualify as a social systenh.uhmann(1984) based his definition of a "social system" on the mass network of
communication between people and defined society itself as an "autopoietic" system, meaniefeaessifal

and sefreliant system that is distinct from its environment. Luhmammsiclered social systems as belonging

to three categories: societal systems (such as religion, law, art, education, science, etc.), orgéhéfisahs

as a network of decisions which reproduce themselves) and interaction systems (systems that reproduce
themselves on the basis ofpresence rather than decision making).

Examples of social systems includaclear familyunits, communities cities, nations college campuses
religions corporationsandindustries The organization and definition of groups within a social system depend

on various shared properties such as location, socioeconomic status, race, religion, societal function, or other
distinguishable features.

Among the main properties of a soggktemwe find:

- the constituent units of a social system are not individuals themselves, but rather the actions and
behaviors that they engage in due to their specific social position that binds them to their particular
role;

- asocial system is always "open": its "boundaries" are stable and penetrable by exchanges of resources
and information with the external, physical, social environment of other social systems;

- allliving systems, including social systems, have the ability to develop by reacting to changes in inputs
from outside;

- to survive, any social system must overcome functional problems such as obtaining external resources,
keeping their members above the minimum required to achieve their goals, adapting to varying
changes in the physical and social environment around tmehavaiding internal conflicts;

- social systems are endowed with morphogenetic capabilities, that is, they include processes that tend
to continuously modify the structure and state of the system, to differentiate and complicate its form,
etc.

The balance of a Social System can be disturbed by changes in any of its components (ecological, economic,
political, social, etc.), which often involve/generate conflicts: wars between peoples; conflicts between social
groups; between the political systend civil society; between the human system and the natural environment,
ecological problems, etc; technical conflicts (digital divide, etc.). Thealed "climatic migrations", which

push thousands of people away from their territories to defend ¢hasagrom the effects of global warming,

are a clear indicator of the deep conflict between the human and environmental systems.

The ecological system (or ecosystem) is a biological community consisting of all the living organisms
(including humans) in a particular area and the nonliving components, such as air, water, and mineral soil,
with which the organisms interact. Exampleseoblogical systems include forests, grasslands, agricultural
systems, lakes, streams, wetlands, estuaries, and coral reefs (Likens, G. 1992). Ecosystem processes cycle
water and nutrients, build soils, produce the oxygen we breathe, remove carbonatidxidieer greenhouse

gases from the atmosphere, and perform many other functions that are important for the health of people and
the planetThe ecological system is usually described in terms of:

- Extent and distribution

Diversity and biological balance
Ecological processes

Physical and chemical attributes
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- Ecological exposure contaminants

The extent and distribution of ecological systems influence the types of animals and plants that are present;
the physical, chemical, and biological processes in the system; and the resiliency of the systems to
perturbations (Wilson, 1992). The extent refto the physical area covered by an ecological system. It can be
reflected as an area or as a percentage of a baseline or of the total area. Extent indicators typically are based
on physical and biological characteristics that are observable by remetegsédbut some ecosystems have
indistinct boundaries. Distribution includes the pattern or arrangement of ecological systems and depends on
the scale of analysis (e.g., local or national). Extent and distribution of ecological systems can be assessed
through the analysis of the following parametéydand cover (the actual or physical presence of vegetation

on the land surface) and land use (the purpose of human activity on the land, generally designated through
zoning or regulation); ii) forest type, &t and fragmentation, that involves both the extent of forest and its
spatial pattern, and the degree to which forested areas are being broken into smaller patches and pierced or
interspersed with noeforest cover; iii) urbanization and population chanae increasing population often

means increased urbanization, including conversion of forest, farm, and other lands for housing, transportation,
and commercial purposes; iv) wetlands acreage, that support a variety of fish and wildlife species and
contribute to the aesthetic and environmental quality.

The health of an ecological system can often be judged by its biological diversity and balance. Diversity can
be viewed in terms of both the number of species present in an ecological system and the extent to which some
species are threatened and endamgéBmlogical balance refers to the interrelationships among organisms,
including the structure of food webs and the ability of ecological systems to sustain themselves over time.
Balance is a dynamic characteristic rather than a fixed state. Diversibjidogical balance may influence

the functioning and stability of ecological systems. Scientists generally agree that as the number of species in
any particular type of ecological system declines, that system can potentially lose its resiliencealiilgy its

to rebound after it has been stressed (McCann, 2000). In addition, biological diversity may contribute to quality
of life, as the diversity of some species contributes to the diversity of important human commodities (e.g.,
different tree specie®f different woods, such as pine, walnut, or hickory, or different fish species for food,
such as tuna, red snapper, or catfish). Trends in the types and numbers of species that live within ecological
systems and how they interact with each other canuesiigated though the analysis, for example, of bird
populations, freshwater benthic macroinvertebrate communities, intactness of the native freshwater fish fauna
and norindigenous species.

Ecological systems are sustained by a number of biological, physical, and chemical processes, including
primary production (conversion of the sun's energy into organic matter through photosynthesis), and the
associated cycling of carbon, nutrients (nitmegehosphorus), hydrogen/oxygen, and other elements from the
physical environment (air, water, land) through biological organisms and back into the physical environment.
Collectively, ecological processes produce organic matter, transfer carbon ands)utriea soil formation,

and enable organisms to reproduce. They also play an important role in providing ecologicalésémvices
example, providing natural resources, such as food, fiber, and timber, and regulating air and water quality. An
indicator ofquality of ecological processes is, for example, the carbon storage in forest biomass (biological
material) is an essential attribute of stable forest ecosystems and a key link in the global carbon cycle.

Physical and chemical attributes influence and sustain ecological systems. They have driven the evolutionary
history of species, and they continue to drive ecological processes, shape the conditions in which species live,
and govern the very nature of emgical systems. Physical attributes can include temperature, hydrology, and
physical habitat, as well as major physical events that reshape ecological systems, such as fires, floods, and
windstorms. Chemical attributes can include pH, dissolved oxygeegwations, and nutrients (e.g., nitrogen

and phosphorus). The percentages of acid deposition (e.g., nitrate and sulfate) resulting from air pollution (that
can have serious effects on both terrestrial and aquatic ecosystems), nitrogen and phosphandarigads

rivers (critical nutrients for plants and animals, and terrestrial ecosystems and headwater streams), sea level,
sea surface temperature, global mean temperature and precipitation, can be all considered as physical or
chemical attributes.

Environmental contaminants, such as chemicals introduced into the environment intentionally (as with
fertilizers, pesticides, and herbicides) or unintentionally (through accidental spills or leaks of chemicals used
in home and commercial applications), temm plant and animal communities. At sufficient exposure levels,

environmental contaminants can begin to have toxic effects on individuals within animal or plant populations.
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When a sufficient number of individuals are affected, contaminant exposure can change the structure and
function of ecological systems. Ecological exposure to contaminants is tracked using biomarkers of
contaminant exposure. Biomarkers measure eitheetladsl of a contaminant (or its byproducts) in plant or
animal tissue or the organism's biological response to the contaminant. Examples include: tissue levels of
pesticides, PCBs, and mercury, which have been used for many years to evaluate exposute®wnth
pelican, bald eagle, lake trout, and a host of other fish and wildlife species; pathological anomalies in plant or
animal tissue, such as damage to plant tissue from gileuatlozone; tumors in fish exposed to sediment
contaminated with polycydiaromatic hydrocarbons.

Human societies, economies and cultures are constitutive parts of the biosphere which transform it both locally
and globally. People, economies, societies and cultures depend on the biosphere which shapes them, therefore
they both ceevolve. Socieecologi@l systems emerge from this interaction in which its components interact

and are conditioned in a dynamic and constant way. A central aspect of these interactions involves ecosystem
services, that is, the benefits that society obtains from ecosystemsy edmistitutes the basis of their
development and sustainability. The interaction between actors of both subsystems further complicates the
matter and increases the vulnerability of the system. In fact, stressors (i.e., factors that perturb the ecosystem)
can be both natural (e.g., hurricanes, floods) or huimadmnced (e.g., toxic chemicals, nutrients, or introduced
invasive species). Extent and distribution can be impacted by both natural forces and human activities
happening over different time and spasiehles. For example, extent and/or distribution of ecological systems

can change over long time periods, such as those associated with climate and geological forces (like the
formation of glaciers), or more quickly as a result of human activities sudirest shifts in land use (for
example, filling wetlands or developing a subdivision where a forest used to be); altering hydrological cycles
(for example, constructing a dam); exposure to pollutants, such as acid rain, which can acidify lakes and
streamsand kill certain trees in high elevations; building highways through a forest; developing waterfronts in

a manner that splits bordering marshlands apart. Similarly, decreases and increases in biological balance can
be results of changing in land use, watanagement, environmental pollution, and intentional or unintentional
introduction of new species into ecosystems. Ecological processes suffer impacts of human dactivities
including pesticide use, chemical use, waste generation, land use changes, amgaliftenanagement,

among othe® that affect the rates, types, and timing of ecological processes. For instance, many pesticides,
chemicals used in industry, pollutants, and waste products can interfere with species reproduction, one of the
most importahecological processes. Changes in land use that alter the extent and distribution of ecological
systems can directly affect ecological processes in particular areas, often causing associated changes in primary
production, nutrient cycling, and erosion asdiiment transport. For example, changing forested land to urban

or agricultural lands influence the amounts and types of primary producers, the infiltration of water into soils,
and the storage and cycling of carbon and nutrients. Factors that altititted chemical and physical
characteristics of ecological systems include temperature, pH electrochemical (redox) potential, and the
transparency of air and water. Activities and events that can alter physical and chemical characteristics include
climate change, water contamination, and changes in water runoff, snowpack, ground water, and light regimes.

Environmental degradation (i.e., the deterioration of the environment through depletion of resources such as
air, water and soil; the destruction of ecosystems and the extinction of wildlife) may affect frequency and
intensity of extreme climate eventschuas forest fires, hurricanes, heat waves, floods, droughts, and storms.
Also, ecosystems disfunctions and degradation affects the-asowiagical resilience, i.e., the capacity of

linked social ecological systems to absorb recurrent disturbances i twdeetain essential structures,
processes and relationships. Deforestation and desertification have demonstrable effects on local rainfall
patterns and are complicit with the occurrence of drought. Also, ecological conditions affect natural barriers
thatcan moderate the impacts of a disaster and protect communities providing natural defenses against hazards.
For instance, wetland ecosystems function as natural sponges that trap and slowly release surface water, rain,
snowmelt, groundwater and floodwateBines and reefs create physical barriers between communities and
coastal hazards.

The geemorphological system of urban areas is relevant given the increasing vulnerability of these areas to
various natural hazards, exacerbated by factors such as climate change and urbanization.
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The geological makeup of an afieancompassing aspects like soil compaosition, rock types, and the presence
of fault linesi directly influences its susceptibility to hazards. For instance, areas built on soft or loosely
packed soils are more vulnerablesgismic activities due to soil liquefaction. Similarly, the presence of certain
rock types might predispose a region to higher risks of landslides or erosion.

Cities built in areas with complex geological histories may face unique challenges. For example, urban areas
situated near active volcanoes, such as Naples, are not only at higher risk of eruption, but also of landslides or
earthquakes. The geological natwf an area can alsbctatethe availability and quality of groundwater,
impacting urban water supply, and influencing land subsidence, which can further exacerbate hazard
vulnerability.

In coastal cities, geological factors such as land subsidence and the type of coastal rock or sediment can
significantly influence susceptibility to séevel rise and storm surges. For instance, cities like Venice are
sinking due to a combination of facsosuch as excessive groundwater extraction, exacerbating the risk of
flooding, sea level rise, sediment segregation and anthropic wave production.

Geomorphological features like river systems, coastal lines, mountains, and valleys play a significant role in
determining aityé vulnerability to natural hazards.

Urban areas in floodplains, for instance, are more susceptible to flooding. The topography of a region, studied
under geomorphology, can influence how water accumulates or disperses during heavy rainfall events, which
is critical for urban flood manageme®&imilarly, cities located in mountainous or hilly areas need to consider

the risk of landslides, especially when lamgk changes, such as deforestation or construction, alter the natural
landscape.

The coastal geomorphology is vital for understanding and managing risks related to coastal hazards like
tsunamis, hurricanes, and coastal erosion. Coastal cities must consider their geomorphological setting to
develop effective coastal defense and adaptatirategies.

Integrating geological and geomorphological considerations into urban planning is critical for sustainable and
safe urban development. This integration can inform the deaiséding process regarding land use,
infrastructure development, and disaster gaiion strategies.

For example, geological and geomorphological assessments can guide building codes and construction
practices in earthquakmone areas or inform the design of flood defense systems in areas vulnerable to
flooding. They can also aid in identifying safe Itbeas for critical infrastructure like hospitals, power plants,

and evacuation routes.

Advancements in technology and data collection have significantly enhanced our ability to understand and
apply geological and geomorphological information in urban planning. Geographic Information Systems
(GIS), remote sensing, and computer modeling pewdluable tools for mapping hazgstbne areas,
simulating hazard impacts, and developing risk reduction strategies. These technologies enable urban planners
and decisiommakers to make informed decisions based on a comprehensive understanding obthyeagebl
geomorphology of their urban settings.

As climate change alters weather patterns and increases the frequency and severity of certain natural hazards,
the importance of understanding urban geology and geomorphology becomes even more pronounced. Rising
sea levels, increased rainfall intensitydamore frequent extreme weather events will continue to challenge
urban areas. Incorporating geological and geomorphological knowledge into climate change adaptation
strategies will be vital for reducing future hazard exposure and enhancing urban eesilienc

In the first instance the urban areas can be described through a general scenario that reports the first order geo
morphological characteristics as defined in the taxonomy.

Exemplification
Here below the five scenarios proposed in the frame of the tasks are reported:

Scenario 1_climatic, hydraulic, and biological risksSettlement characteristics: Widespread flat settlement
located along a dune coast with the presence of a beach and pine forest intersected by canals and a river. Built
fabric: Historic center characterized by compact fabric; dense residential fabreznt expansion adjacent
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to transportation infrastructure on a territorial scale. Risks: Climatic risks with phenomena of drought and
coastal erosion, hydraulic risks with flood and river flooding events, and biological risks with marine pollution.

Scenario 2_geophysical, hydraulic, climatic, and biological riskSettlement characteristics: Flat inland
settlement in a volcamiarigin basin surrounded by hilly reliefs with the presence of cavities used for
extraction. Built fabric: Historic center characterized by compact fabric; widespread residential falmeénbf re
expansion adjacent to transportation infrastructure on a territorial scale. Risks: Geophysical risks of volcanic,
seismic, and landslide types, hydraulic risks with the presence ofrstidoes, climatic risks with heatwaves

and heavy rains, biological risks with atmospheric and soil pollution.

Scenario 3_climatic, biological, and naech risks Settlement characteristics: Coastal plain settlement with

a beach characterized by an industrial area served by rail infrastructure. Built fabric: Fragmented fabric of
recent construction, articulated along urban roads predominantly orthogonal to tlirecdRisks: Climatic

risks from coastal erosion, biological risks from marine pollution, antbetarisks due to the presence of
numerous industrial structures in the coastal area.

Scenario 4_geophysical, hydraulic, climatic, and biological risksSettlement characteristics: Historic
settlement between a hilly relief with a monumental forest and a densely built false plain. Complex topographic
layout with the presence of valleys and underground cavities. Built fabric: Historic center locatelisaea h

and characterized by compact fabric. Risks: Geophysical risks from landslides, hydraulic risks from sudden
floods, climatic risks with heatwaves and heavy rains, biological risksatvitbspheric and soil pollution.

Scenario 5_geophysical, hydraulic, climatic, and biological risk§ettlement characteristics: Flat inland
settlement in a tectoniarigin basin surrounded by mountainous reliefs with the presence of a river. Built
fabric: Historic center characterized by compact fabric; widespread residential fabric of recent expansion
adjacent to transportation infrastructure on a territorial scale. Risks: Geophysical risks of seismic type with site
amplification, liquefaction, soil stability, hydraulic risks with the jprese of sudden floods, climatic risks with
heatwaves and heavy rains, biological risks with atmospheric and soil pollution.

Taking as example the fifth scenario, we can exemplify thosergephological features that expose urban
settlements to hazard. In the following paragraph we propose a description of-tb&atist factors associated

with such setting. The scenario Wil with several urban settlements of the Italian peninsula e.qg., particularly
with the city of Florence. We therefore adopt this urban settlement as a reference for this exemplification. The
city of Florence is strongly interdigitated with the citié$Poato and Pistoia and is located in a tectonic basin
(called, using a geological term;semigrabefi; Neuendorf, 2005) bordered on the northern side by tectonic
(normal) faults. Furthermore, the basin, and so the city of Florence, is cut thnptigh Arno river and its
tributaries. Additionally, the Florence basin is a large productive district, hosting key infrastructures and
cultural tourism. All these above mentioned aspects bear a strong link with theogatwological sphere. The
geology of he Horence urbarsettlement Figure $a) is in fact characterized by the presence of Quaternary
tectonic boundary faults (associated with secondary transversal faults) potentially capable of rising seismic
hazard. The exposure to such risk is therefore high. The presence of the Arno rigesdkpocity to high

flood risk (as testified by historical record, e.g., the 1966 flood; e.g., Coli et al., 2013). Despite the city being
located in the basin, the presence of boundary scarps associated with thafdwttss possibility of landslide

risk (Morelli et al., 2021). Due to its morphology and conformation, the basin is subject to climatic risk
(primarily associated with heataves; Morabito et al., 2012). Furthermore, being Florence a large productive
district, this makes the urban settlement exposed to biological risk associated with contaminants and air
pollution (Palli et al., 2008). As testified by this example, the correct characterization of the urban area in the
frame of its geamorphological settlenrd is key for the correct quantification of multsk exposure. In this

frame, a further tool enhancing this characterization that can constitute the first step to build a digital twin is a
3D digital model of the subsurface (Figutéb). Such model may not only provide a clear picture of the
subsurface but may also help to highlight the relationships with the surface elements exposedigik.multi
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Figurel6. a) The Florence urban settlement as depicted in the 1:10.000 Tuscany geological map (CARG
1:10.000 section n. 275040). The city of Florence well fits with the hypothetical urban settlement proposed in
the Scenario n. 5. b) An example of 3D gaodel produed for a portion of the Florence urban area. The 3D

model highlights the subsurface stratigraphy and structural setting.

In the process of morphological reading, the representation of the physical and functional layout of urban and
rural settlements can be entrusted to settlement systems, constituted as a set of urban areas, territorial
endowments, living and production spacapable of ensuring urban and ecological quality to the inhabited
areas. Leaning on structuring factors sucliedements of dydro geomorphologicdl..] or infrastructural

nature, which areecognizedas having a fundamental morphogenetic role tlaast influenced settlement
morphologies, settlement systems are defined in their consistency, uses, functionality, methods of
implementation of interventions and governance policies by territorial and urban planning.

For the identification of settlement contexts, ttigaracterizingconditions (urban fabrics, road layouts,
geomorphologic conditions, natural limits, critical infrastructures, green systemghataay be relevant for

the assessment thfe impacts of possible hazards should be considered, since they present different conditions
of response to them according to their characteristics and, therefore, exposure. In relationtazamdlti
conditions varying from time to timeurban hotspis can be identified in which the consequences (the effects)

of the combination of vulnerability, exposure and hazard are condensed as transition factors from risk
conditions to impacts.

The study of the layout plan of a settlement is the first aspéatéstigatein this type of approach. In this

regard, three categories of ancient layouts can be distinguished, deriving from construction canons and models
that have inspired city constructions, guiding urban planners in development and rémegadt, the radial

plan, andthe linear structure.

The grid or checkerboard pattern (Figure I7a) involves the creation of road axes (main and secondary)
intersecting at right angles to form blocks that take the shape of squares or rectangles. In Europe, the
systematization of this type is attributed to the Greek architect and urban planner Hippotisiitetss, who
recommended its application in the construction of newly founded colonies. Additionally, its frequent
implementation is also attributed to the typical model of the Roman castrum, the encarmpiRentan

legions, ideally of a quadrangular shape cut by two main axesattig, in the northsouth direction, and the
decumanusn the eastvest direction. The two axes divided the castrum into four quarters, further subdivided
into smaller lots. In the United States, the grid pattern is the basic rule for urban planning, and in ltaly, it is
found in the historic centers of margreceRomanfounded cities, such as Naples, Turin, Aosta, and
Castelfranco Veneto.
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Theradial plan (Figure I7b), with diverging roads radiating from a central nucleus, is the result of a typical
urban evolution in medieval Europe. In Dutch cities like Amsterdam and Haarlem, the radial pattern is still
clearly visible, characterized by a central square surroundediniagntric canals, where each expansion of the

city implies a new circle of walls and canals. Milan is also an example of a city wathaecentricplan. In

this case, the settlement system is characterized by a series of main roads branchingious idireations

from a central inhabited core. This core tends to expand progressively along the axes and concentric circles,
often accompanied by walls or canals in the past and now marked by large ring roads.

Thelinear plan city model (Figure I7c) is characteristic of cities that develop along a generating axis, with
transverse roads intersectingTtis type ofcity typically developsalong a road anthkeson a narrow and

long shape. The concept was conceived by the Sip8woria at the end of the 19th century witle Ciudad
Lineal, a settlement of defined width built on a central axis whose length could be potentially unlimited. The
same happens in many coastal urban centers, especially if surrounded in the rear by elevations. The inhabited
center of Genoa, for example, can only axgp mainly along the coast and, as long as possible, on the
elevations, taking on a fan shape.

The three layout patterns of grid, linear, and radial (see FigQreah give rise to other families of similar
settlements. For example, GreRkman layouts, 19thentury fabrics, agricultural layouts and layouts from
the second half of the 20th century belong to the grid category; ridge, matrix road and coastalepshtet
belong to the linear category; foundation settlements andckditury neighbourhoods belong to the radial
category.

(9) (P) (c)

Figurel7. Grid pattern (a), radial plan (b) and linear plan city model (c).

The three layout patterns described above are neither unique nor exclusive. In fact, most cities have varied
plans depending on different interventions that have overlapped over time, also in relation to morphological
and geographical dynamics affecting the tectonic support in which they root.

The study of the settlement nature approximately reveals this process of urban development adaptation to
morphological variations of the territory anadombinations of grid, radial, and linear layout patterns The

latter derive from conditions that have tended to arise redestiusef expansion processes: the intersection
between linear systeniisvhich can rely on different linear structuring factoidetermines densified nodes at

the welding points, sometimes recognizable for the settlement of spedidlinctions. The intersection
between concentrated systems generally takes place along the outgoing axes, determining a band of lower
density and structuring than the original concentrated systems and, negatively, free areas undergoing erosion
and intertusion. The intersection between a concentrated system and one or more linear systems, finally,
causes the linear system to assume a role of urban gate compared to the concentrated system, which thus
becomes "second plan" compared to the surroundingptgrrit

The assumption is that a settlement system is always a complex system, the outcome of settlement and
transformative processes, of which it is possible to recograizmeters of affinity and differentiation that

allow for a more complete understandiAgfinity parameters refer to the three layout patterns of the settlement
system measurable through some structuring factors such as density, size, and pr@pottierather hand,
differentiation parameters refer to changing factors that influence the transformations of the settlement system,

55



Finanziato /
dall'Unione europea i
NextGenerationEU

. Ministero . '
dell’'Universita l ‘M Ttaliadomani
e della Ricerca " DI RFRESE R

i LE
_?”'4 i DI RIPRESA E RESILIENZA

namely morphological variations related to the orographic (geomorphological) and naturalssystem
combinations of layout patterns.

Through thé'comparative orthophotbseported in Figure &.it is possible to apply this interpretation to real
cases, starting from the identification of basic patterns and subsequent tracing of their variations.

The selected and collected orthophmpresented ithe abacus are then composed and assemblathan
contexts representing their contemporary reality.

SCHEMA A GRIGLIA

SCHEMA LINEARE

SCHEMA RADIALE

Figure18. Real cases approach to identify basic patterns and subsequent tracing of their variations in urban
context.

The knowledge and description ofban and metropolitan settlemeintsrelation tospecific multthazard
conditionscontributes to the identification dtritical contexts"and "hotspot areas"characterized by the
concentration or overlap of risks and impacts, for which the application of countermeasures (adaptation
strategies and actions, to reduce vulnerability and exposure, and increase resilience) is a priority.

With reference tqBologna et al., 2021Yhe size of theontexts that can be studied wittference tdheir
critical conditions with respect to risk®rresponds with the definition of "urban districts", territorial areas
possessing betwe@®000and 60,000 inhabitan{Eigure19: Example of identification afirban districts

Starting from the premises given in Sections 4.1.5 and 5.1.5, critical contexts are representative of conditions
that occur within the contemporary urban reality and, from the point of view of system characterization, present
a settlement complexity givehby the juxtaposition of the previously described settlements models and
variations related to the morphology of territories.
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Figure19. Example of identifying ofirban districts.

From the point of view of interpretive reading, these areas are described through the analysis of three main
systems selected as capable of synthestgimgmorphological, environmental and spatfainctionalissues
and which can be consideredidantifying criteria and factors of homogeneity precisely of critical contexts

- the orographic systendescribes the characteristics, articulation and distribution of land reliefs and
depressions, both surface and submarine ones. Orography substantially determines the consistency and
influence of certain weathering agents such as winds, for example,farmhaes the choice of settlement
principles for the development of urban systems. Thediweensional representation of the orographic system

is entrusted to contour lines, continuous curved lines joining points topographicaligdiadathe same
elevation, that is, at equal vertical distance from a horizontal reference plahiehazero elevation has been
assigned (Figre 37, top-left: orographic system).

Soil consistency, i.e., the gaorphological characteristics described in Sec8ah3 together with the
specificities of the orographic system contribute to determining the presence-phygcal and hydro
geological risk factors in certain territorial areas that can be selected and defined as critical in relation to these
parameters.

- natural systenis understood here as the combination of the categories of physically identifiable
elements that make up the natural environment such as, for example, forests, beaches, seas, lakes,
rivers, and in general those related to, for example, water resourmsisks, and biodiversity. Also
included in this system are mamade elements such as monumental forests and gardens, botanical
gardens, reclamation canals, and reservoirs, to name a few. In the representation of this system, green
and blue a chosen as reference color fields that recall the most shared perceptual modes related to
water and vegetation (see Figurei 3jottomleft: natural system).
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In light of the current environmental crisis, the presence of these elements is an indication of richness
ecosystem and is a parameter for the measurement of alterations or permanences that affect
exacerbating or mitigating different types of risk suciH@sexample, hydraeological, climatic and
anthropogenic.

- thesettlement systeaynthesizes the components related to the built fabric and the routes intended for
the road system with respect to the system conditions that connote its contemporary configuration
from the combination of the settlement models identified as the origiheo$ettlements and the
variations imposed by the orographic and natural systems.

The representation of the settlement system is entrusted to surfaces that correspond to the extent of the
fabrics and to lines that recall the course of the tracks. Variations in the fabrics and tracks are expressed
through monochromatic diversificationr the built fabric, the type and density of the pattern
describe the density and orientation of the huyiltarea; for the tracks, the thickness of the lines
identifies the functional classification, while the typdioé clarifies whether it is a roaat a railroad,

for example (see Figui top-right: settlement system).

The characteristics of settlements, in terms of, for exgnipkdr positioning, arrangement, orientation,
functions and density, also in relation to the characters of the orographic and natural systems with which they
relate, contribute to the determination of anthropogenic risk factors, as well as to the iocregiggtion of
hydro-geological and climatic risk factors, to name but a few.

Having identified theprevailing characteristics of the systems selected, additional specific factors such as,

for example, density, in both physical and social terms, fabric and path orientation, and functional domains,
also intervene in the analysis of critical contexts, which have a relevant irdflaemaultihazard assessments,

but represent the precise specification of a "tasease” investigation that will be further explored in the next
phase of research activities.
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Figure20. Example of reading by homogeneous criteria and identifying systems for a typical critical context
(top left: orographic system; top right: settlement system; bottom left: natural system, bottom right: complex
system)

An initial selection of contexts led to the identification of four pilot cases, from which it will be possible to
identify additional areas for further investigation.

Context 1_weatherclimate, hydraulic and biological hazards.

Diffuse flat settlement located along a dune coast in the presence of sandy shoreline and pine forest furrowed
by canals and river.

Historic center characterized by compact fabric; dense residential fabric of recent expansion on highway.
Presence of metedimatic hazards with dry weather and coastal erosion phenomena, hydraulic hazards with
river flooding and overflow events, and biological hazards with marine pollution phenomena.

Context 2_geophysical, hydraulic, metealimatic and biological hazards.

Flat inland settlement in basin of volcanic origin sandwiched between hilly reliefs with presence of cavities
for mining use.

Historic center characterized by compact fabric; widespread residential fabric of recent expansion on
provincial road.

Presence of volcanic, seismic and landslide geophysical hazards, hydraulic hazards with presence of flash
floods, weatheclimate hazards with heat waves and heavy rains, biological hazards with air and soil pollution.

Context 3_weatherclimate, biological and natech hazards.
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Coastal plain settlement with sandy shore characterized by industrial area served by railroad tracks.
Fragmented fabric of recent construction articulated along urban roads with predominantly orthogonal to the
coast.

Presence of weathefimatic hazards from coastal erosion, biological hazards from marine pollution,-and na
tech hazards due to the presence of numerous industrial artifacts in coastal area.

Context 4 _ geophysical, hydraulic, metealimatic and biological risks.

Historic settlement sandwiched between a hill relief with monumental forest and a denselg faldbpiano.
Complex topographic trend with presence of valleys and underground cavities.

Historic center arranged on hillside and characterized by compact fabric.

Presence of geophysical hazards from landslides, hydraulic hazards from flash floods,-cliezdltier
hazards with heat waves and heavy rains, biological hazards with air and soil pollution.

The proposed experimental methodological approach was developed as an advancement of the PLANNER
(PLANNERPi att af orma per LA Gesti oNe dei rischi Nat uil
FESR2014/ 2020) research project (D6Ambrosio et al
analyse the outdoor/indoor microclimatic behaviour and buildingseBiission reduction but it can be also
useful to recognise the urban patters of building and open spaces to suppestiamigki knowledge of uam

systems. The objectiveet as the assumption of the research is the definition of methodologies capable of
describing the performance behaviour of residential buildings and open spaces over the entire national territory,
in terms of response to climatic and microclimatic stimeifated to the increase in urban temperatures, with
reference to mediusterm climate projections, as a consequence of the ongoing climate change.

To achieve this objective, methodological approaches were developed through the construction of a complex
knowledge apparatus (normative, bibliographic and best practice references), the usébasdadl$ools,
parametric software and dedicated tools, el & data exchange processes, in order to allow the development

of a classification of the two physical subsystemesidential buildings and open spaceapable of describing

their energy and performance behaviour in different climatic conditions.

In order to classify the physical subsystem relating to residential buildings, basic building typologies recurring
on a national scale were first identified. The categories chosen constituteghaastive, but representative
selection of the most fregnecases detectable in urban ar@dwe recurring residential building typologies
were defined on the basis of titerature (Corrado et al., 2014; Aymonino, 1977; Caniggia and Maffei, 1979):
they refer to four categoriesdetached house one/tamily, in-line building, block building and tower
building - to which are associategpecific dimensional characteristics (surface area, number of floors, total
height and Windowo-wall ratio) as shown in Fige21.

60



Finanziato #, Ministero
dall'Unione europea dell’Universita l Itdlldd()mdnl
NextGenerationEU Wi @ dEI Ia Rlcerca AR R ienza
Building Surface area Number Window-to-wall
typologies (sgm) of floors ratio (WWR)
= Detached house one/two family 100/floor
g In-line building 400/floor 4 16 0,12
% Block building 600/floor 6 24 0,12
~
S=
g Tower building 300/floor 12 48 0,12
== '
=

Figure21. Recurring building typologies in urban fabrics and their dimensional characteristics.

The intersection and comparison of the data obtained from literature and current Italiandadisisiowed
the identification of the construction techniques most uséutkittalian contextn particular:

- the UNI/TR 11552 standard 'Abacus of structures constituting the opaque envelope of buildings.
Thermophysical parameters’ (Ente Nazionale di Normazione, 2014) provided an abacus of the
envelopes most commonly used in existing buildings and their maindpbysical parameters;

- the 'Sample Vulnerability Census of Current Buildings' (Department of Civil Protection, 2000)
provided information on the main building techniques present in specific Italian regions;

the 'TABULA' project Typology Approach for BUiLding stock energy Assesgmant the
'EPISCOPE' project Hnergy Performance Indicator Tracking Schemes for the Continuous
Optimisation for Refurbishment Processes in European Housing Pt(cesado et al., 2014)
provided a reference with respect to the most widespread residential building typologies in Europe and
at national level.

The catalogue of commonly used technigti®ss developed is consisting of eighteen commonly used
construction techniques: 8 types of vertical opaque closures; 7 types of horizontal opaque closures; 3 types of
vertical transparent closureBhe relatedthermophysical parameters, such as transmittance, phase shift and
attenuation, were determined with the help of a simulation software validated by the Italian Thermotechnical
Committee(see Figure 2).

MPI02 - Stone wall
““

- Interior plaster 1400 1000 0,700
2 - Bricks and stones 40-100 2500 1000 2,400 -
3 - Exterior plaster 2 1800 1000 0,900 -
Figure22St one wal |l 6, example data sheet of the prev

Moreover, the most widespread construction periods have been classified considering the entry into force of
restrictive requirements on energy efficiency of buildings in the Italian national legislation, the main historical
events that have occurred inljt¢ghat have caused changes in the world of building production and, finally the
periods identified by the National Institute of Statistics (ISTAT) in the Permanent population and housing
census.

The classification of the construction periods is as follows:
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- from 1946 to 1975: phase of the Reconstruction and the economic boom in Italy;
- from 1976 to 1990: first Italian legislative provisions on the energy efficiency of buildings;
- from 1991 onwards: restrictive requirements on energy performance for new buildings.

The construction techniques identified were correlated to the four recurring building typologies in urban
fabrics; each recurring building type has been characterized in each of the four periods with specific commonly
used construction techniques (the oakgeption is the Tower building, not present in Italy before 1945). In
Figure 23 is shown the classification of prevailing construction techniques with respect to building typologies.

Building Construction Wall Roof Floor Windows
typologies period Code Code Code Code

Detached house Until 1945 MPIOZ CINOS SOL13 vs01
one/two family From 1945 t 1975 MIPO1 CIND4 soL13 VS0l
@ 100 sqm/floor
From 1976 to 1990 Mcvol coPo3 SOL03 IDAOT
2 floars
WWR = 0,12 From 1391 onwards Mcva2 coP03 SOL03 D601
Until 1945 MPIO2 CINOS SoL13 vs01
In-line building From 1345 to 1975 MIPO1 coPo1 soL13 VSO0l
400 sgm/floor rom to
4 floors From 1976 to 1890 Mcvo2 coP03 SOL03 IDAO1
WWR=0,12 From 1991 onwards MPFO3 COP03 SOL03 10601
Block building Until 1945 MPIOZ CINOS SoL13 VS0l
g 600 sqm/floor From 1345 to 1975 MIPO1 CINO4 SoL13 Ivs01
S= 6 floors From 1976 to 1390 Mcve2 coPo3 SOLO3 1DAOT
WWR=0,12
From 1391 onwards MPFO3 coP03 SOLO3 10601
Tower building Until 1945 - - - -
300 sqm/floor From 1345 to 1975 MCo03 coPo3 S0L13 vS01
12 floors
WWR = 0,12 From 1976 to 1890 mMcvoz COPO3 SOLO3 IDADT
From 1981 onwards MPFO3 COPO3 SOLO3 D601

Figure23. Classification of prevailing construction techniques according to the different building typologies
identified.

A GlIS-based classification methedhs thusapplied to detect the prevailing building typology and prevalent
construction pericglin census areaThe framework was implemented on a GIS platform and tested on the
urban fabric of the municipality of Naples. The reasons for choosing this urban fabric are the complexity and
diversity of the urban forms that characterise it. In fact, the city of Napfresents a dense urban fabric
characterised by different urban settings, ranging from historical consolidht®a areas to recently builp
settlement fabrics. For each of the recurring building typologies, the value ranges of its prevailing
characteristics were defined: Surfarea, Height and Shape indd@key are shown in Fige 24.
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Building Surface area Shape
typologies {sqm) Index
e Detached house one/two family 275 and <250 23,5and<9 20,030
% In-line building 275 29and <36 =0.010
Block building 2300 and <1500 29and <36 > 0,020 and < 0,055
s
=
y Tower building > 250 >38 20,010
==
=

Figure24. Parameters for the identification of recurring residential building typologies.

In order to assign the prevailing building typology to each residential census area, the polygonal vector
thematism of the buildings included in the topographic database was used; the DTM and DSM rasters were
used for the assessment of building heightsverhagimes. The shape index of each building was estimated by
calculating the ratio between the surface area and the square of the building perimeter. This value varies in a
range beween 0 and 1; the closer it is to 1, the more regular the shape of lttiadyudonversely, the closer

it is to 0, the more irregular the shape of the buildEach census area is classified with the most prevalent
building typology among those to which the buildings located in it are assi@eadus areas in which there

is no specific prevalence of one or two building types have been labelled ‘Not identifiable' as they are not
assigned to a specific building type. 'Mixed' is used to classify those census areas where there is more than one
prevdent building type. Figre 25 shows the thematic map with the distribution of prevailing building types

by census areas. Empty census zones argasigiential census zones with no buildings, which are excluded
from the classification.

Building Typology Prevalence
[] Notidentifiable
[] Mixed
[T7] Detached house one/two family
I In-line building
[1 Block building
I Tower building

Figure25. Thematic map of prevailing building typology by census area.

In order to assign to each census area the prevalent construction period of the buildings located in it, a
breakdown of the construction period was made into four epochs (Until 1945, From 1946 to 1980, From 1981
to 1990, From 1991 onwards) by grouping tanstruction periods according to the entry into force of
restrictive requirements on the energy efficiency of buildings in Italian legislation and the main periods of
change in the world of building production in Italshe census area was assigned thestraction period of

the majority of the buildings located in it. A further class of construction period labelled ‘Mixed' has been
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added to the census areas in which there is no prevalence of buildings constructed in the sarkR@pexiod.
26 shows the thematic map of the prevailing construction periods per ceesus ar

Prevalent construction period
Mixed

Until 1945

From 1946 to 1980
From 198110 1990

BOONRO

From 1991 onwards

Figure26. Distribution of prevalent building construction periods recorded with respect to census areas.

The recurring building typologies thus classified were UuseBLANNER Researclas a starting point to
simulate pre and posiintervention energy requirements and £&missionsandindoor comfort conditions
also with reference to mediutarm climate projections D6 Ambr osi ® et al ., 2023

The framework proposed in thisragrapthas been realised for its application to Italian urban settlements. As
ademonstrative example, its application to the case of Naples is reported.

A classification of the physical subsystem of outdoor spaces was developed through the identification of
recurring types of urban forms. This classification aims to identify the critical aspect of outdoor spaces with
respect to heat wave impacts in urbattlsments and the potential effectiveness resulting from the use of
climate adaptive design solutiofBassolino et al., 2021)

The first phase of this process involved defining generic urban forms capable of enabling an easy measurement
of the microclimatic behaviour and performance of open spaces. It aimed to describe the interactions between
these spaces, the environmental congois and the elements constituting the urban environment. Realizing a
definition for recurring urban forms of outdoor spaces relies on the premise of engaging in an abstraction
process. In this process, canonical models of urban forms aggregationseshalbld to delineate the outdoor
spaces within cities and describe the microclimatic environmental behaviour that ensues.

The classification process was based on the studies carried out by C. Ratti, D. Raydan, K. Steemers in 2003 in
the publication fABuilding form and environment al
(Energy and Buildings, n. 35, Elsevier &a c e ) 0, from which emerges the
urban geometries determine different effects on the built environment. In fact, six simplified urban forms are
considered, which were identified ru$truttures(@ambtidgen, L .
Uni versity Press, UK) o, based in turn on archety|]
relation to energy and environmental behaviour.

In order to restrict the complexity of urban patterns that characterize the urban and metropolitan settlements
and to analyse and consequently compare the environmental impact on the different types of geometry and
urban morphology among the increase ibaur temperatures and the phenomenon of heatwaves. In this
classification(see figure27), the idea is to utilize urban pattern that take into account the archetypes of urban
configurations. The goal is to construct geometric models that are represeottatifferent various urban
morphologies based on dimensional ratios commonly described and presented within the selected
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representative cities (chosen at the beginning of the research project as the different test bed of the different
climate conditions through Italy).

i |
1

(b)

Figure27. Generic urban patterns: (a) from right to left: pavilions, slabs, terraces, teoaas, pavilion
courts and courts; (b) deduced generic urban patterns for Italian(8itiesce: Bassolino et al., 2021; Verde et
al., 2021)

The definition of urban pattern was, then, made on the basis of scientific literature, from reading of recurring
urban morphologies detected with satellite data within the reference cities for the climate macroregions defined
by the PNACC. Based on thesesassments, it was possible to define a catalogue of typed urban patterns
aimed at describing the microclimatic behaviour of outdoor spaces in urban setti@veetéset al., 2021)
The definition of urban pattern has been carried out first of all by making a first typological classification of
the spaces:

- Urban patterns;

- Squares and open spaces;

- Green areas.

A subclassification has been defined for each category. Urban patterns are divided according to the different
types of aggregation of buildings such as:

- Terracecourts;

- Pavilioncourts;

- Terraces;

- Pavilion/towers;

- Sprawkpavilion.

As discriminants for their classification the following were considered:
- The distance between buildings;
- The buildings height.

The further classification was carried out through:
- The building density (cum/sgm);
- The territorial coverage ratio.

This procedure leads to the definition of a-sldssification:
- High-density patterns;
- Mediumdensity patterns;
- Low-density patterns.
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A different classification was made for the squares and the open spaces, for which the following were taken
into account as classification factors:

- The buildings perimeter percentage (BPP);

- The buildings height (m).

Finally, a classification for green areas was necessarily adopted to highlight the different characteristics as eco
systemic value with a dual classification. First, these were classified according to the percentage of tree cover
and the type:

- Agricultural green;

- Uncultivated green;

- Urban green;

- Wooded areas.

Subsequently, a subdivision was made which classified the green areas according to the tree cover percentage
(TCP) into:

- Medium green areas (0 < TCP O 25%;, 25% < TCP C

- Green areas (TCP O 90%)
During the second stage, an indicator system that could characterise and parameterize comparable geometric
and urban morphological features was chosen, further structuring the classification process. The chosen
indicators, drawn from those employed withihre GIS process for determining the climate and exposure
vulnerability model in the PLANNER research, include:

- the ratio of built surface to open spaces;

- the average building height;

- the sky view factor;

- the hillshade

The classificatioris reported irFigure28.
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Figure28. Classification of urban patterns: (a) highnsity urban patterns; (b) medium and4d@nsity urban
patterns; (c) squares and open spaces; (d) medium green areas and gréSoumaadBassolino et al., 2021;
Verde et al., 2021).

Afterwards, a data exchange process was carried out to compare the environmental and microclimatic
performance between real urban forms of the reference cities and the typified recurring urban forms. This was
done by running testing and verifying througitalexchange between Gb&sed tools and parametric design

tools and testing the process on the city of NafBessolino and Verde, 2023)

In order to achieve homogenous outputs amongst the various ICT tools in accordance with the system of
indicators, a process of comparison, simulation, and data interchange betwdmrs& $ools and parametric
tools in the Grasshopper environment wasiedrout.

This involved categorizing segments of actual urban patterns in the city of Naples, classified according to
diverse characteristics capable of capturing the existing morphological diversity (e.g., roadway width, distance
between buildings, average buildihgight, type of aggregation, presence of open spaces or green areas).
These real patterns were then matched with generated recurrent urban patterns, and corresponding values for
the selected indicators of urban morphology were identified.

Urban patterns, both real and recurrent, have been enclosed within a dial sized 100 x 100 m, also to effectively
size the models of typical urban patterns and to easily carry out simulation operations.

To compare the performance behavior between actual urban fabrics and standardized models of urban patterns,
the initial step involved identifying the values of urban morphology indicators for representative sections
identified within the city of Naples. Thwas accomplished through the GIS model developed for calculating
vulnerability to heatwave events. Subsequently, this process occurred first based on ttiengmsional
reconstruction of real city models using information within the GIS, and then lmmsgeometric models of
standardized urban patterns. Next, using the parametric platform Grasshopper within the McNeel Rhinoceros
software and the LadyBug phig, corresponding values of urban morphology indicators were computed. This
replicated the callation processes carried out in the GIS environment through the definition of generative
algorithms. The indicator values obtained through parametric design software were initially compared with
those obtained in the GIS model for the city of Napleslolahg that, assessments were conducted by
comparing the values derived from the thdgmensional "real” model with those from the "parametric" three
dimensional model, with a maximum allowable margin of error set at 35%. The resulting data underwent
thorough verification and were confirmed as vdkée Figure9).
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Figure29. Comparison between the values of descriptive indicators of urban morphology accuracy between
the different input model of data and simulation tools. Test on the urban patterns of the city of Slaynles:
Bassolino et al., 2021)

A process was formulated within a GIS environment to identify recurring urban patterns in open spaces, that
involved defining the morphological traits of recurrent urban patterns and analyzing their environmental
performance under varying climatic condit® The effectiveness of this process was tested using the city of
Naples as a sample cg8assolino and Verde, 2023)

The initial step involved recognizing urban morphology and automatically linking recurrent urban patterns.
This process involved calculating the density parameter, which represents the ratio of built volume (measured
in cubic meters) to unbuilt area (meeesdi in square meters). The data were extracted from thematic
classifications of built and open spaces within the topographic database (DBT). Then, the corresponding value
was associated with the classification of recurrent urban patterns, calculatedbbabkedarea and height
values of buildings in the digital surface model (DSM) and the digital terrain model (DTM) of the city of
Naples.

To obtain the density parameter for built structures, calculations were made at the atomic unit of the census
section. Parameters such as average building height and the covered area within distinct building polygons
were determined, along with definingethercentage values of surface treated as green. The "Volume" attribute
was derived from the product of building area and height. Subsequently, an "intersect" operation enabled the
overlapping of building polygons with census section polygons, and a sizatioer operation facilitated
associating the average volume value with the census sections. Finally, building density (D) was calculated as
the ratio of the building's volume (cubic meters) to the census section's area (square meters).

This first classification was not able to take into account the green areas. For this reason, the process was
further detailed.

This second phase of sglassification aimed to identify census sections with a prevalence of-yeated
areas. For this purpose, it was needed a "training set" operation, testing sections with known surface treatment
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