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1. Introduction

The concept of resilience has been adopted in different disciplinary fields as ecology, sociology, economy,
risk management etcover the last 40 years. Therefoithas been adapted, modified and extended, in order

to match with different issues coming fropeveraldisciplinary fields. Neverthelesis, literature, a unique

and acknowledged definition cannot be fouritiablel1: Definitions of resilience frorassler and Kohler
(2014) SourcesBhamra, Ab and Burnard, (20Jdnd McAslan, (2010)collecs someof the definitionsthat

can be found in literature.

Tablel: Definitions of resilience frortassler and Kohler (2018ourcesBhamra, Ab and Burnard, (201dd McAslan, (2010)

Autor Context Definition

(Gere and Goodmar Physical system: Ability of a material to absorb and release energithim the elastic range

2009) (materials)

(Holling 1973) Ecological systems Measure of the persistence of systems and of their ability to absorb change
disturbance and still maintain the same relationships betweenestatriables

(Walker and Salt 2006) Ecological systns Capacity of a system to absorb a disturbance and reorganize while under
change while retaining the same function, structure and identity

(Carpenter et al. 2001) Socialecological Magnitude of disturbance that a system can tolerate before it transitions in

systems different state that is controlled by a different set of processes

(Adger 2000) Social systems Ability of communities to withstand external shocks to their social infrastruct

(Masten and Individual Process of, capacity for or outcome of successful adaption despite challeng

Coatsworth 1998) threatening circumstances

(Bruneau et al. 2003)  Disaster risk Ability of social units to mitigate hazards, contain the effects of disasters v
management they occur, and carry out recovery activities that minimize social disruption

mitigate the effects of future e@inquakes

(Hollnagel et al. 2006) Resilience Ability to sense, recognize, adapt and absorb variations, changes, disturbz
engineering disruptions and surprises

(Hamel, G. and Organizational Resilience refers to the capactty continuous reconstruction

Valilkangas 2003)

All the definitions presented iffablel: Definitions of resilience frorhlassler and Kohler (2014ources:
Bhamra, Ab and Burnard, (20140d McAslan, (2010), despite belonging todifferent fields,expressthe
concept oféchanging and dfunctione of an entity or a system. Thus, resilience has been conceived as a
possible bridge between the implementation of sustainability objectives and adaptation to changes of the
context (environment, climate etc.Moreover, the focus of resilience management andasures that ge
undertaken for facing catastroph@vents,is strictly related to the risk management. Therefore, resilience is
often conceived as a branch of the risk management discipliDembridge Institute for Sustainable
Leadership 2011} ookingat the Architecture, Engineering, Construction and Operations (AB&I)r, an
interdisciplinary discussion on the possible declination of the concept at the scale Bfith&nvironment
(BE) arises. When the focus is the built environment, one of the keynsrdomplexity, since this peculiar
context ischaracterizedby the contemporary presence of buildings, infrastructures, natural elements and
human being. The complexity of tiBailt Environment(BE)eads to profoundongterm changes which must
be invesigated with attention to planning, design, operation, management, value and goverr{aassler
and Kohler 2014)
Authors tackled the problem of resilience in different wagaderieset al. (2013)define a framework to
operationalize resilience combining the concept with those of suskéliiaand robustness, in order to cope
with multi-scalar and multievel challengesPickettet al. (2014)focus on a general template, identified in
the adaptive cycle model of resiliend¢assler and Kohler (201i#)the context of the longarm management
of the built environment and within the context of sustainability, consider resilience as a key diawater
and Taylor, (2014Jefine resilience as a mean to achieve the sustainability gBakher (20143lefines the
concept ofresilience engineerinig athe dntrinsic ability of a system to adjust its functioning prior to, during,
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or following changes and disturbances, so that it can sustain required operations under both expected and
are coped with minimum demolitions, @duction of waste and costs and with maximum robustness,
mutability and efficiency.
All these definitions and approachassumethe strong link between resilience and sustainability and the
changing in the system which triggers resilience dynamics. Hence, when the focus is the built environment,
it is worthwhile to investigate which are thesiliencerelated changes that can be maged thanks to a
resilient principle. Moreover, some open questions are still to be answered. These questions concern the
need for integrated management systems to cope with material and immaterial aspects featuring the built
environment, managed to achie sustainability objectives and the development of indicators able to gather
and measure resilience performances of buildiMgny efforts have been done for a better definition of the
resilience principles and approached related to catastrophic andefastts (e.g. earthquakes, hurricanes,
floods, tsunami etc.)Fever studies addressed the resilience to slow changdated, forinstance tothe
effects of pollutants on people living in the urban environment or the effecteefncreasing temperatures
worsening theheat island phenomenon.

1.1. International researches and research institutes on resilience

Resilience in th&Ehas not been unambiguously conceptualized yet. Therefore, it is inherently related to an
interdisciplinary approach, borrowing definitions and methodologies from different research areas (physical
systems, ecological systems, disaster management,(Btcislan 2010; Bhamra et al. 2011; Hassler and
Kohler 2014)

Below some of these research experiences promoted both by academia and private assoaiailisted
starting fromthe most specific on the built environmert the ones related botho sustainability and
resilience in the wider context of the urban ecosystems

1 Resilient Urban Ecosystem (RUE) Netvwak been founded by its 2 directors; Dr. Tuba Kocaturk
0! YABSNBAGE 2F [AGSNLR2f0 YR aNX emérgiilj hodels{ A Y L&
of innovation through intelligent adoption and use of data and computation in built environment
& S O (RedNi#nt Urban Ecosystem (RUE) Network 2018 aim concerns the creation of a network
of scientists, industrial experts and consultants, to provide an interdisciplinary contribution to
research and practice in built environment and urban informatics and share best practices and
examples of datalriven innovations in Built Environme(Resilient Urban Ecosystem (RUBWdek
2016)

9 Stockholm Resilience Centre (SR@3 founded in 2007, thanks to a collaboration between
Stockholm University and the Beijer Institute of Ecological Economics at The Royal Swedish Academy
of Sciences. Among the research lined developeh®&ySRC can be found the one concerning urban
socialS 02t 23A0Ff aeaisSyad ¢KAA NBASENDK AYyAUGALFIGAD
linked sociaB O2f 23A0Ff &aeaidSyasédod ¢KS FAY A& G2 Ay@Sa
understandng of how to design complex urban systems able to face both known and uncertain
outcomes. Urban resilience, in this case, can be intended as the outcome of a cyclical process that
includes anticipation, learning and adaptation to changes in circumstamzksew events.

1 100 Resilient CitiesPromoted by the Rockefeller Foundation (L00RC) is dedicated to helping cities
around the world become more resilient to the physical, social and economic challenges. The view
of resilience to adopt and implement thanks this initiative does not only include shocks as for
AyaiaglryoOS SIFENIOKIldzr1Sas FANBAYX Ff22Rax odzi | faz
RIFE& 2 NJ Og(o ReSlierit Cities 20875 ¢

T 9yKFEYyOAy3 NBAATASYOS 2F ONARGAOFE NRBIFIR AYFTNrad
hazardss a project, started in 201%d by RMIT University of Melbourne, which aims at developing
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multi-K - T I NR& 2F Ff22RaX FANB [|(ynRersdyohRaddérSield2e17)y 3 S |
The main expected outcomes are the development of vulnerability models for critical road
structures: bridges, culverts and floeedhys under natural hazards of flood, bush fire and
earthquakesin the second stage of the project, the optimization of mairsiece and strengthening
regimes required to enhance resilience of critical road structures will be identified and a decision
making tool will be develope(Setunge et al. 2015)

1.2. Resilience required to assess disasters

Nowadays, diasters areand shouldbe subject of great global conceriiwigg and Steing2002)reported

from gathereddata o natural disasterdetween 1971and 1995 that these caused more than 128.000
deaths per year and affectedt some extentl36 million people from which mostly where located in
developing countriegescalated by their vulnerabilityThis trenddid not change much ithe followingyears,

the number of catastrophesind economic lossemcrea®d, but the number ofmortal victims were
diminished(Garatwa 2002; IFRC 20@2)dthe number of hjured, homeless or hungry, as a consequence of
the disaster, tripled to 2 billion in thimllowing 10 yearqIFRC 2002Yhese ocurred evenwhenthe boost
program launchedy United Nations (UN) L Y G SNy I G A2y f 5SOF RS waFrurmingd dzNJ f
Ay U KIEEATN08; World Meteorological Organization 1994)

Mitigation strategiesyet seem to be scant to prepare the BE and the population to avoid these growing
trends, one of the factors that has enhanced the criticality of a disaster is the sprouting andireyoofBE
placed inurban areas. For instancé/olfensohn and Cherpitel (200&ated that"Rapid population growth,
urbanization, environmental degradation and global climate change are all contributing to an increase in the
frequency and magnitudefo R A & Due tb $dl@omdex structure and function of urban areas (i.e. cities),
these can be exposed to both sudden eveatg arthquakes, floods and hurricanes, outbreaks of violence,
migration crises, industrial incidents and health epidemiasl)ta gradual processés.g.structural industrial
transformations, economic recessions, increasing poverty and social disparities and environmental
degradation); to whichits inhabitants expecthe city to adapt and be resilient to any of thesmirdens
occurrence

Thus the attention has been drawn towards the interaction of the BE, the human systerhdsted users,
includingpopulationwhen referring to a widairban scale perspectiyend the naturaknvironmentwhich

might favor SlowOnset DisastersSL OB) events This, as a result af(1) risingdensification of urban areas

(2) the actualidentified risksor challenges for humanify3) the funded and promoted researateliveling
mitigation strategies, or methodologiesostlyfor sudden diasters(focusingon short-term preparation and
post-disaster assistanddUNFCCC 20123nd (4)the low number of researclboncentratel on assessing
disasters caused by lofgrm frequent exposure agen{®amieri et al. 2018¥%uch as the ones presented by
Mude et al.(2009; Sharifi and Lehmanf2015); Haddad et ali2018); andZhong et al(2019)

2. Definition of SLowOnset Disasters event

To differentiate better between the disaster typesiegele (2012)proposed todefine them depending on
the temporal scale, intensity and frequency

1 Theyvary in temporal scale In fact, rapidonset disaster unfoldalmost instantlg, slowonset
disasters can be predicted mudhrther in advance and unfold over months or even years
Moreover,slow-onset disastergare heavily related to the effects of the mamade climate change
dynamics;

Pag.5| 45



BE S’ECURe
(make) Built Environment Safer in Slow and Emergency Conditions through behavioUral assessed/designed Resilient solutions

Grant number: 2017LR75XK
9 They vanyin impact type Since apid-onset disasters tend to create thaiestruction through the
immediatdshort-term physical impactsvhereas kbw-onset disastersanalso create crises through
the economic and social impacts of the disaster

Indeed,in addition to whathasalreadybeen mentioned in the Deliverable 1.1.1(compare Section 2a
SlowOnset Disaster (SLOD) can be defined as an uninterrupted, gradual or variable, low intensity and high
frequency event that generates a negative effect on population, which on the lamg ¢an generate
significant health and environmental decaf.SLOD can also be described as a resulting disaster of the
combination of both natural and humagenerated forces; which provoke| @+ aid SO02f 23 A Ol f
the relation between humans andein environment, a serious and slow event on such a scale that the stricken
O2YYdzyAtie ySSRa SEGNI 2NRAYF NEunnS198Y; NoJIi g0 Figel; BigutdS & A G
2 ¢ Examples of SLODnage taken fronke parisierthttp://www.leparisien.fr/societe/canicule41-c-a-paris
a-13h42record-de-chaleurbattu-25-07-20198123526.phplast access: 28/01/2030).
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Figurel ¢ The absolute number of people killed and deaths / day in relation to the temporal development of a slow onset
disaster(Image taken fronSchneiderbauer and Ehrlich (2004)

Figure2 ¢ Examples of SLOBnage taken fronLe parisietp://www.Ieparisien.fr/sociee/caniculal-c-a-parisa-13h42-
recordde-chaleurbattu-25-07-20198123526.phplast access: 28/01/2030
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These events require a complex mudéiriable analysis or forecast to determine the real or potential effects
on the environment and/or the population immersed within. Therefore, the 3L @@ difficult to
immediately traceback or relate to a specific source, cause and/or deterioration to the environment and/or
health. In particular, extensive and granular analyse required to isolate and identify the real influence of
the singular factor, parameter or variable. Nevertheless, efforts in research have shown that there are
singularities of the environment which favor or diminish th&sk which have led to theoncept of resilient
environments(Musco and Fregolent; Musco 2016; World Health Organization 2016; Bellini et al. 2018)
In fact, in Europ@ 8Edisplay characteristics that caaffect the health of its citizens High population
densities themselves have both positive and negative implicafjansopean Commissionloint Research
Centre 2019)On the one hand, urban citizens can access better health anédeiaty than people living in
rural areas because of betteontactto health infrastructure and services in general. On the other hand,
poor health conditions that persist in entire citi@s specific urban contextsan contributeto health
complications closely related ®&leep disorders;hronic stress and anxieandalso, respiratory, cardiac and
brain damage(Tarnopolsky et al. 1980; Kryter 1985; Stansfeld and Matheson 2003; World Health
Organization 2013; de Prado Beitt al. 2018) Thesecomplicationshave been often correlated with the
pronounced difference between the urban and rural areas in terms of: higher pollutant concentration; sound
wave pressure, surface and air temperatuppor waste managementess water absorption, vegetation
coverage ad biodiversity(Guerreiro et al. 2014; Hornikx 2016; European Commisdioimt Research Centre
2019) Hence, research on SL&Mas steered towards a deep examination of BEg its features and the way
it adapts to the weather variations and the behavior of its populatéor the context of analysidy
additionally considering the aforementioned temporal scale for their evidé¢Rigrire3).
These can be structured to fit and shape the unified concept of seismi&yjskiich results from
integrating hazardH), vulnerability ) andexposure E) (i.e.'Y 'O J0 Jw) (UNDRO 1980jnto a specific
definition for SLORFigured). That isHwould be determined by the environmental forces' intensity
resulted from the combination dhe site contaminants (seeigure5) andthe environmental context (see
Figure6); Vwould be related to the expected microclimates generated from the built environment features
and their potential effects on the population immersed in it, based on their susceptilsdigFigure7 ¢
Population deconstruction features for SLOD assessribefinition of the population at riskby macre
categories, the lefmost are the mest generic(based orsusceptibility; the rightmost, are the most
specificthat are identified atsmaller scale andhich fluctuate but ould be identified, measured and
monitored)); andE, would be the expected impact induced directly, or indirectly, by the originated
microenvironments expressed in terms of economic losses or victims.

X §

EXTREVE COASTAL HEAT
PRECPITATION A.OODING WAVES

Limited i Strongest
Evidence _ Evidence Evidence

Figure3 ¢ Disaster® S @ reSoyal&ldimage takerand modifiedirom Climate and Migration Coalition websjt
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Figure4 ¢ Risk definition for SLO8pecifying its components (hazard, vulnerability and exposure)
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Figure5 ¢ SLOD deconstructida display the wayhese acton theurban fabric, their carriers and the parameters which can be
monitored forattempting to hold back theinealth effects.
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Figure6 ¢ Environmental context deconstruction for SLOD assessmeaperties definition by macreategoriesthe left-most are
the more generi¢locationspecifig, yet the ones with greater impgc¢he rightmost, the ones that are more specific to the smaller

scale location and which fluctuabait can beneasuredand monitored.

Pag.10]| 45



BE S’ECURe
(make) Built Environment Safer in Slow and Emergency Conditions through behavioUral assessed/designed Resilient solutions

Grant number: 2017LR75XK

Groups Characteristics Body behaviour Parameter

Height

N
Population < Weight
N\

n
Average Age t—==A  Older subjects || Lower tolerance
\ \
Younger subjects < Weo:rr;g:iahon Metabolic rate
[~y
Mid-age regulation Transp
~N
™~
Skin area
exposed
/
\ ]
Pollutant -
reaction Exposure fime

Figure7 ¢ Population deconstruction features for SLOD assessiefinition of the population at risky macrecategories, the
left-most are the met generic(based orsusceptibility; the rightmost,are the most specifithat are identified atsmaller scale and
which fluctuate but oculd beidentified,measured and monitored.

3. SLOBrisk andtheir criticality on population

The SLOPBare defined as a convergence of natural and hurganerated forces, depending on the reaction
O2YAyYy3a TFNRY K $he eehhNdapraSlos Gnséd &vergpyiblished by United Nations¢
FrameworkCorvention on Climate Chand&/NFCCC 201 2sts the followingl1 sloweventsthat affect our
life:

Increasing temperatures

Air quality and Pollution

Sea level rise

Droughts

Extreme precipitation events
Ocean acidification

Glacial retreat andelated impacts
Salinization

Land and forest degradatiopn
Loss of biodiversity
Desertification

=4 =4 =4 =4 -8 -8 -8 -8 8 99
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However,some of these SLODs could teeognizedas the main hazardous agents produced by the
human activities. These agentencernthe profound and unchangeable modification of land and, soil
and the production of harmful emission in the atmosphere. These agents resadtiiating a set of
SLODs thaare summarizedn Table2. TheseSLODsan act as single factors of disruptive events or can
exhibit simultaneously producing jointand more severelamages Table2 represens some ofthese
relationships.

Table2 ¢ SLOD interactigrasdisasters which are consequences of the development of the, aihrae which are normally occurring
in parallel, owhich the development of one favors the others arouthe grey cells represent a direct relationship between disaster

types.
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Increasing temperatures
Air quality andPollution
Sea level rise

Droughts

Extreme precipitation events

Ocean acidification

Glacial retreat and relate
impacts
Salinization

Land and forest degradation

Loss of biodiversity

Desertification

All the listedSLOD®f Table2 have been observing for a long timend theirdevelopmentand increasing
severityis slow and continuous, in accordance with the habits of téday a @JRFCET 2D12)is precisely

this slow evolution thaenables the development of adequatelutiors and precautionary strategies.

As stated in the previous paragraphs, Bigpresentsdifferent characteristics, in terms of response to SLODs,
comparal to the rural environmentin this context, some SLODs appear to be more impacting than other in
term of the negativeconsequenceshat they can produce on the inhabitant€onsidering thescope of the
BES2ECURE projethe SLODslefined asincreasing temperatureiir quality and Pollutiomnd Extreme
precipitation eventgan be considered as the more hazardous, in terms of potential negativdisastous
effects that they may produce on the urban environmantd the population
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In fact,increasing temperaturesnhan@ watervaporcarrying capacitynoving onto watewvaporstate what
should have been used for land moistufiénis coul@ffect the process adesertification, droughtandforest
degradation Thus,loss of biodiversitis expectedin addition higher amount of watevaporin the air would
generate a larger ristor extreme precipitation evenis the eventuality of a pressurand/or temperature
drop. Higher temperatures around the glelwould alsoboostthe glacial meltingnaking more evident the
glacial retreaf and,in consequenceising the sea leveind decreasing thavailability of fresivater can be
expected(UNFCCC 2012)
On the other handAir quality and Pollutiomepresent a risk for the human race, and also for the natural
environment when thecontaminants productio rate surpasses the contaminants assimilation rdteis
would promoteland and forest degradatigmnd somespecies would noéndure the quality of the air they
are breathingthen biodiversity lossvould be inevitable As a consequencthe ocean would try to balance
the contaminants cycle by absorbing more contaminants paiee faster than it can procedgveloping its
own acidification.Finally, some of these contaminants are amdhgse considered Green House Gases
(GHG)worsening the heat entrapment in the atmosphere which contributes toitteeeasing temperature
trend.
These SLODs are more easily identified by the localized effentraged, and given theevident and
projectedrapid urbanization rat¢Musco and Fregolent; FULADLU et al. 2018; European Environment Agency
2019) theUrban Heat Islandnd Air Pollution have been studied in depth

3.1. Urban Heat island

Urban Heat Island (UHI) has been definedis heat acamulation phenomenon characterized by further
sensed air temperature increasthat developsin urban areasdue to constructionsand human being
activities Several urban and suburban areagerience higheremperatures compared to thelosest rural
surrounding areagEPA 2008)According toEPA (2008)the UHI(Figure8) can be divided in two different
types:

9 SurfaceHeat Island(SHY);
1 AtmosphericHeat Island(AHI)

The surface heat islanid referredto the effect of the direct sun that heat thexposedbuilt surfaces like
roofs, pavement tdaemperatures totter thanthe air(Yang et al. 20168HIreachesthe maximum level during
the dayandcan prevaiduring the nght deperdingon the thermal inertia of thebuilt surfaces(i.e. thermal
masg. The intendly changes according to the seasaweell as the ground coverfoidentify the SHland its
intensity, direct and indirect methosl can be usefdremote sensingor surface tempeatures are often
employedto better understandthe phenomende.g.Infrared imagines)

Instead, theatmosphericheatisland represergthe differences between theair temperatureof the urban
area and thair temperature of the surrounding are@heair temperature isntendedasthe air temperature
of the space where thepedestrianand residentsoexist that is,from the goundlevelto the top of the trees
and roofs.The AHintensity fluctuates lesghat the surface heat islah henceto be able toobserve and
address this phenomenaadense networlsensoris required

The actors involved in both Atmospheric and Surface Heat Island havédi®down inFigure8 for an easier
understanding of their interactiorBoth of them contribute tohe consolidation of the UHI effect, which
worsen by the evident gradual temperature increa@scribed inSectionErrore. L'origine riferimento non
e stata trovata; a detailedexplanation on howthis occurs is presented iFable3.
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Figure8 ¢ SchematidJHIrepresentation includingthe atmospheric and surface heat island witttie BE

Table3 ¢ Description of th&d.ODincremented risky the UHI phenomenon

URBAN HEAT ISLAND

Causes Anthropogenic  Urban Properties of Lack of greenery Weather Geogaphical
heat geometry urban materials location

Agents  Automobiles Urban Opaque surfaces Decreased Clear sky calm Proximity to
Buildings, morphology with high evaporative heat wind and large water
Industries and modifies the absoptivity (e.g. lossesand lower excessive sola bodies or
air condition solar radiation Asphalt, Concrete shading radiation mountains.
units. exposure. blacksurface$. potential.

3.2. Evolvement of the UHI in the BE

As stated by the United Nations, the Intergovernmental Panel on Climate Change (IPCC) has concluded that
current rates of climate change are leading to changes in the frequency, intensity, spatial extent, duration
and timing of extreme weatherand climaterelated events, collectively referred to as climate extrerfiésld

et al. 2012) Changes in climate extremes reflect the influence of anthropogenic climate change in addition

to natural climate variability. According to the IPCC, in the next two to three decades, the increase in climate
extremes will probably be relatively small coanpd to the normal yeato-year variations in such extremes.
However, as climate change progresses over the course of the tvfiesttentury, its effects on climate
extremes will become increasingly apparéhield et al. 2012)Climate change may influence extre events

through longterm global warming as well as through climate regime shifts. Thetknng trend of rising
temperatures is accelerating, and changes of even 1 °C to 2 °C can have significant effects on extreme events
(Field et al. 2012)Rising temperaturevidence in Sidndlivada et al. 2019) south chingDu et al. 2013)

have been reported in literature. The correlation between the climate change and diseases has been
highlighted byWu et al. (2015 Severe émographic and climate change projections on dsdtlave been

reported byLee and Kim (20)6

The heatwave which is characterized as SJdden Onset Disager (SUOD)and has been identified as
responsible for a significant amount of deaths around thégl@Vorld Meteorological Organizatidt®94)(

Pag.14]| 45



BE S’ECURe
(make) Built Environment Safer in Slow and Emergency Conditions through behavioUral assessed/designed Resilient solutions

Grant number: 2017LR75XK
Tabled), is worsen by the UHdhenomenon(Figurel0 ¢ a- Time series of the ratio ddnd area affected by
an exceedance of 30 extreme warm days (ExD30) per year relative to the20dmaverage for the ERA
Interim13 and HadEX2 datasetsbig Time series of the ration of land affected by exceedances of 10, 30
and 50 extreme warm days pgear relative to 1972010 average in ERAterim (EInt).(image taken from
(Seneviratne et al. 2014). Thus, it is important to act ondiminishing therisk of the convergence of
heatwaves, high UHI and the rising tengpatures(which has been proved to lgraduallymore frequentall
over the world in term of percentage of the total land areaeFigurel0¢ a- Time series of the ratio d¢&nd
area affected by an exceedance of 30 extreme warm days (ExD30) per year relative to t20197%8/erage
for the ERANterim13 and HadEX2 datasetsb4; Time series of the ration of land affected by exceedances
of 10, 30 and 50 extreme warm days pear relative to 1972010 average in ERAterim (EInt).(image
taken from(Seneviratne et al. 201/).

0 2,500 5,000
] Kilometers

: No extreme temperature reported
© CRED 2015. All rights reserved

|:| Extreme temperature affected country

Number of extreme temperature i . Centre for Research on the
1986 - 2015 - Epidemiology of Disasters
: * CRED
] 1-3 .
® 4-8 Author: Alizée Vanderveken, Research Assistant at CRED
. 9-15 Projection: WGS84 / Classification: Jenks
- Source: EM-DAT (2016), GAUL (2016), ESRI (2016)
. 16-23
Sources: Esn, HERE, DeLorme, USGS, Intermap, Increment P Corp,, NRCAN, Esri Japan, METI, Esii China
. 24 - 40 (Hong Kong), Esri (Thailand), Mapmyindia, & OpenStreetMap contributors, and the GIS User Community

Figure9 ¢ Frequeng of temperature extreratemperatures disaster events from 186 to 2016 (extracted EMDAT databaséEM
DAT)

Therefore, the UHI can be considered one of the more severe threats to the health of the city population
resulting from climate changeefrore. L'origim riferimento non é stata trovatg. Theincreasing value of
death per event in the last decade confiie criticality of the trend of temperature risg
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Table4, Table5, Table6). This phenomenonmnay affectmore disadvantaged categories as lowome

classes (more exposed to the outdoor built environmeabjlerly, children and people already affected by

health conditionslow body thermoregulation capacitgeeFigure? ¢ Population deconstruction features

for SLOD assessmeiiefinition of the population at riskby macrecategories, the lefimost are the met
generic(based orsusceptibility; the rightmost, arethe most specifithat are identified atsmaller scale and

which fluctuate but ould be identified, measured and monitorejl. Some efforts have been done at the
European level for developing policy and actions to address the impact of the urban heat island on the
inhabitants (Ramieri et al. 2018)The projectUrban Heat Island (UHI) proje@011;2014), for instance,
providestooh F2NJ [ aaSaairay3a yR Y2yAiU2NI GKS 1L Ay OAGA:
strategies(Ramieri et al. 2018)
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Table4 - Meteorological disasters summary from 190019 (extracted from(EM-DAT).

Disaster Events Total Deaths/ Total Affected/ Total damage
Continent subtype count deaths event affected event ['000 US$]
Africa

Cold wave 12 81 7 3,727,630 310,636 47,000

Heat wave 8 291 36 86 11 809
Americas

Cold wave 66 3,323 50 4,645,272 70,383 10,833,850

Heat wave 35 6,177 176 20,221 578 9,025,000

Severe winter 13 112 9 1,036,364 79,720 1,400,000
Asia

Cold wave 86 8,694 101 7,073,889 82,255 3,193,133

Heat wave 78 16,860 216 299,323 3,837 419,000

Severe winter 20 2,075 104 80,738,052 4,036,903 21,960,200
Europe

Cold wave 140 5,435 39 964,955 6,893 2,424,301

Heat wave 75 138,566 1,848 2,120 28 12,763,050

Severe winter 44 1,545 35 490,317 11,144 1,000,000
Oceania

Cold wave 8 509 64 4,602,784 575,348 200,000

Table5 ¢ Meteorologicaldisasters summarfrom 20002019 (extracted from(EM-DAT).

Disaster Events  Total deaths/ Total affected/ Total damage
Continent subtype count deaths event affected event ['000 US$
Africa

Cold wave 9 33 4 2,727,630 303,070 -

Heat wave 6 237 40 86 14 809
Americas

Cold wave 42 2,291 55 4,593,472 109,368 4,204,000

Heat wave 11 591 54 17,521 1,593 -

Severe winter 13 112 9 1,036,364 79,720 1,400,000
Asia

Cold wave 51 4,679 92 6,307,682 123,680 2,070,133

Heat wave 50 9,825 197 298,583 5,972 419,000
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Severe winter 19 2,075 109 80,730,052 4,248,950 21,960,200
Europe

Cold wave 112 4,016 36 227,055 2,027 648,001

Heat wave 63 137,319 2,180 1,850 29 12,763,050

Severe winter 41 1,477 36 483,232 11,786 1,000,000
Oceania

Cold wave 4 486 122 2,000 500 200,000

Table6 - Meteorological disasters summary from 202019 (extracted from(EM-DAT).

Continent

Africa

Americas

Asia

Europe

Oceania

Disaster
subtype

Cold wave

Heat wave

Cold wave
Heat wave

Severe winter

Cold wave
Heat wave

Severe winter

Cold wave
Heat wave

Severe winter

Cold wave

Events
count

14

25

24

11

69

17

14

Total
deaths

137

1,293
265

30

1,173
6,224

186

1,778
60,213

116

139

deaths/ev
ent

46

92

53

47
259

17

26

3,542

70

Total affected/ Total damage
affected event ['000 US$

2,727,525 389,646 -

86 29 -
533,823 38,130 3,094,000
17,490 3,498 -
151,792 21,685 1,400,000
5,236,132 209,445 2,008,123
290,522 12,105 18,000
1,458,218 132,565 20,200
194,621 2,821 132,601

- - 400,000
411,078 29,363 -
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FigurelO¢ a- Time series of the ratio ¢dnd area affected by an exceedance of 30 extreme warm days (ExD30) per year t
to the 19792010 average for the ERAterim13 and HadEX2 datasetsbk Time series of the ration of land affected by
exceedances of 10, 30 and 50 extreme warm daygeq@errelative to 1972010 average in ERAterim (EInt).(image taken
from (Seneviratne et al. 2014)

3.3. Air pollution

Urban outdoor air pollution refers to the atzontaminaion to which the population is exposed, and which is
experienced byhoseliving in and around urban areas (i.e. citiég)cording to théVorld Health Organization
(WHOQ actuallyair pollution represent®ne ofthe biggest environmental risk to heal(/HO 2016)

The WHO AirQuality Guidelines (AQGgecommend the lowest concentrations of PMb which a person
could be exposed, and yet no severe health effects wakk(WHO 2005)Some of hese arethresholds
established foother pollutants are listed ifrigurell andFigurel?2):

 PM25->mn >3 Kk Yo;26¥y3 dr thounSean/
 PM10->Hn > K Yo ;b ¥ Y=z f-korEeayiH n

Howeverg Mz 2 T papalaidnlive dna place with poor air qualitywith air pollutionindicatorsabove
the suggested healththresholdlimits established byHQ The outdoorambient air pollution is caused by
a range of factorsncluding trargportation, agriculture waste anthropogenic activities (e.g. respiration),
construction and building operatignas shown by the general causagents classification dfable7. For
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instance, he 39% of global energselated carbon emissions are attributed the buildingssector (IEA,
WGBCQ)these emissions are distributed as follows:

1 28% of this is buildings in operatidmeating, cooling and lighting. Energy use is heavily impacted by
the quality of building envelope, with emissioaspecially substantial in older building stock.
1 11% of carbon emissions are attributed to emissions embodied in the construction procests

generation, water use, dust creation and greenhouse gas emissions.

Pollutant Averaging period Legal nature and concentration Comments
PM,, 1 day Limit value: 50 pg/m? Not to be exceeded on more than 35 days per year
Calendar year Limit value: 40 pg/m?*
PM,¢ Calendar year Limit value: 25 pg/m?
Exposure concentration Average exposure indicator (AEl) (*) in
obligation: 20 pyg/m* 2015(2013-2015 average)
National exposure reduction target: AEI (*) in 2020, the percentage reduction depends on
0-20 % reduction in exposure the initial AEI
0, Maximum daily Target value: 120 pg/m?* Not to be exceeded on more than 25 days/year,
8-hour mean averaged over 3 years ()
Long-term objective: 120 pg/m?
1 hour Information threshold: 180 pg/m*
Alert threshold: 240 pg/m*
NO, 1 hour Limit value: 200 pg/m? Not to be exceeded on more than 18 hours per year
Alert threshold: 400 pg/m? To be measured over 3 consecutive hours over
100 km? or an entire zone
Calendar year Limit value: 40 pg/m*
BaP Calendar year Targetvalue: 1 ng/m? Measured as content in PM,,
SO, 1 hour Limit value: 350 pg/m? Not to be exceeded on more than 24 hours per year
Alert threshold: 500 pg/m? To be measured over 3 consecutive hours over
100 km? or an entire zone
1 day Limit value: 125 pg/m? Not to be exceeded on more than 3 days per year
co Maximum daily Limit value: 10 mg/m?*
8-hour mean
CeHe Calendar year Limit value: 5 pg/m*
Pb Calendar year Limit value: 0.5 pg/m?* Measured as content in PM,,
As Calendar year Targetvalue: 6 ng/m? Measured as content in PM,,
cd Calendar year Targetvalue: 5 ng/m? Measured as content in PM,,
Ni Calendar year Targetvalue: 20 ng/m? Measured as content in PM,,
Notes: () AEl: based upon measurements in urban background locations established for this purpose by the Member States, assessed as a

3-year running annual mean.

(*} In the context of this report, only the maximum daily 8-hour means in 2017 are considered, so no average over the period 2015-2017

Sources:

is presented.

EU, 2004, 2008.
Figurellc Air quality standards for the protection of health, as given in the EU Ambient Air Quality Dir@otags taken from

European Environment Agen(3019)).
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Pollutant Averaging period AQG RL Comments

PM,, 1 day 50 pg/m? 99th percentile (3 days per year)
Calendar year 20 pg/m¥

PM,; 1 day 25 pg/m? 99th percentile (3 days per year)
Calendar year 10 pg/m’

0. Maximum daily 8-hour mean 100 pg/m?

NO, 1 hour 200 pg/m?
Calendar year 40 pg/m?

BaP Calendar year 0.12 ng/m?

SO, 10 minutes 500 pg/m’
1 day 20 pg/m¥

co 1 hour 30 mg/m?
Maximum daily 8-hour mean 10 mg/m?

CH; Calendar year 1.7 pg/m?

Pb Calendar year 0.5 pg/m?

As Calendar year 6.6 ng/m?

Ccd Calendar year 5 ng/me (£)

Ni Calendar year 25 ng/my

Notes: () As WHO has not set an AQG for BaP, C;H, As and Ni, the RL was estimated assuming an acceptable risk of additional lifetime cancer

risk of approximately 1in 100 000.

(*) AQG set to prevent any further increase of Cd in agricultural soil, likely to increase the dietary intake of future generations.

Sources: WHO, 2000, 2006a.
Figurel2 ¢ World Health Organization (WHO) air quality guidelines (AQGs) and estimated reference lev@lgrtrags)taken

from European Environment Agency (20)19

Table7 ¢ SLOD Urban Air Pollution description

URBANOUTDOORIR POLLUTION

Causes Anthropogenic  Urban Properties of Lack of Weather Geographical
processes geometry urban materials greenery location

Agents Automobiles, Building, road, Opaque Decreased of Clouds with Proximity  to
Buildings, sidewalks and surfaces: particulate high threefield.
Industries and courtyard Asphalt, matter atmospheric

air  condition morphology

units. Wind surfaces.

Concrete, black absorption.

pressure wind
intensity, wind
direction,

3.4. Evolvement of air pollution effects in the built environment

Pollutantsproduced by the human activity have a great impact on the health of the European population.
Within this context, PM, N£and groundlevel Q are among the most dangerous pollutants for human
health. Among the subjects exposed to these agesiig)e classeare more subject to negative effects of
these agents. Lower soegconomic groups are more exposed to pollutants, older people, children and
people with preexisting health conditions are more vulnergBleropean Environment Agency 2018)spite

of anoticeabledecoupling between the increasing of economic activity reflected on Gross Dorfesticct
(GDP) and the emissions of pollutants is registémetie period 2002017, represented irFigurel3, in 2017

the exposure of pollutants wasave the limit thresholds defined by WHO
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2000 level); (b) As, Cd, Ni, Pb, Hg and(Ba&ge taken fronEuropean Environment Agen(2019)).

For instancethe concentration of Plivhin 2017 waspprox. 75%approx. 21.6wm/m?®) of the valueregistered

for 2000(approx. 28.9mg/mq). Figurel4 and Figurel5 represent the value of PMand PMsin Europe

Among air pollutants, the Particulate Matter has been classified as carcinogenic by The International Agency
for Research on Canc@ARC 2013)
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Note: The graph is based on annual mean concentration values. For each country, the number of stations considered (in brackets) and the

lowest, highest and average values (in pg/m?) recorded at its stations are given. The rectangles mark the 25th and 75th percentiles. At
25 % of the stations, levels are below the lower percentile; at 25 % of the stations, concentrations are above the upper percentile. The
annual limit value set by EU legislation is marked by the upper continuous horizontal line. The WHO AQG is marked by the lower dashed
horizontal line. The graph should be read in relation to Map 3.2, as a country's situation depends on the number of stations considered.

Source: EEA, 2019c.

Figurel4 ¢ PMyo concentrations in relation to the annual limit valin 2017 and number of stations consigerfor each country
(Image taken from th&uropean Environment Agen(3019).
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Mote: The graph is based on annual mean concentration values. For each country, the number of stations considered (in brackets) and the

lowest, highest and average values (in pg/m’) recorded at its stations are given. The rectangles mark the 25th and 75th percentiles.

At 25 % of the stations, levels are below the lower percentile; at 25 % of the stations, concentrations are above the upper percentile.
The limit value set by EU legislation is marked by the upper continuous horizontal line. The WHO AQG is marked by the lower dashed
horizontal line. The graph should be read in relation to Map 3.3, as a country's situation depends on the number of stations considered.

Source: EEA, 2019¢c.

Figurel5 ¢ PMy s concentrations in relation to the annual limit value in 2017 and number of stations considered for each ¢
(Image taken from th&uropean Environment Agen(3019).
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Figurel6 ¢ Mapping ofAir pollution in Europe and ltalyy means oModeled annual mean of PM2.5 for the year 2@it6age
taken fromWorld Health Organizatio(2019).

Figurel6 represens the concentration of one of the most hazardous pollutants in Europe and(Rallys
givenits complexity in beingaptured or filered). Thisimageshows that Italy is one of the most polluted
countries inwesternEurope. Moreover, the Pianura Padana and the central Italg(@orresponding to the
metropolitan area of Roneare the most polluteghlaceswithin the national territory. Peaks of >60 pgim
are reached in some cities of northern Italy as Milano, Brescia, Cremona, Verona, Pad¥emernid This
trend is also confirmedonsidering other pollutarst(e.g. PM10) by Legambiente as shown by thelata
collected inFigurel7 and Figurel8.
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Superamenti data
n. Citta Centralina da gennaio
2018 aggiornamento
1 Torino Rebaudengo 87 31/12/2018
2 Frosinone Frosinone scalo 83 31/12/2018
3 Lodi Viale Vignati 78 31/12/2018
4 Milano Marche 74 31/12/2018
5 Venezia V. Tagliamento 63 31/12/2018
3 Padova Arcella 60 31/12/2018
7 Alessandria D'Annunzio 59 31/12/2018
8 Asti Baussano 57 31/12/2018
9 | Reggio Emilia Timavo 56 31/12/2018
10 Cremona via Fatebenefratelli 56 31/12/2018
11 Pavia Piazza Minerva 53 31/12/2018
12 Treviso S.Agnese 53 31/12/2018
13 Modena Giardini 51 31/12/2018
14 Monza via Machiavelli 51 31/12/2018
15 Rovigo Centro 49 31/12/2018
16 Terni Le Grazie 49 31/12/2018
17 Vicenza Quartiere Italia 48 31/12/2018
18 Brescia Villaggio Serenao 47 31/12/2018
19 Avellino AV42 46 31/12/2018
20 Parma Montebello 45 31/12/2018
21 Verona Borgo Milano 44 31/12/2018
2 Como Viale Cattaneo 43 31/12/2018
23 Bergamo via Garibaldi 42 31/12/2018
24 Ferrara lIsonzo 41 31/12/2018
25 Napoli Ferrovia 37 31/12/2018
26 Rimini Flaminia 36 31/12/2018

Fonte: elaborazione Legambiente su dati Arpa o Regioni.

Figurel7 ¢ Ranking of the capoluoghi grovincial in Italythat overcamewith at least onedetection station thd®M10threshold
of 50mg/m3 for one day/yeglmage taken fromLegambiente (2019)

Inquinamento atmosferico: le cittd che hanno superato almeno uno dei limiti
giornalieri previsti per il Pm10 o per I'ozono nel 2018

Brescia | 150 Genova | 103 Vercelli | 41
Lodi | 149 Avellino | 89 Ferrara | 41
Monza | 140 Lecco | 88 Bologna | 39
Venezia | 139 Terni | 86 Trento | 38
Alessandria | 136 Rimini | 82 Udine | 37
Milano | 135 Vicenza | 82 Sondrio | 35
Torino | 134 Piacenza | 80 Pisa | 32
Padova | 130 Varese | 78 Trieste | 32
Bergamo | 127 Roma | 72 Macerata | 31
Cremona | 127 Napoli | 72 Rieti | 31
Rovigo | 121 Mantova | 65 Savona | 28
Modena | 117 Lucca | 61 Aosta | 27
Treviso | 116 Forli | 48 Benevento | 27
Frosinone | 116 Firenze | 45 Pistoia | 27
Pavia | 115 Grosseto | 44 Agrigento | 26
Verona | 114 Pordenone | 44 Bolzano | 26
Asti | 113 Como | 43 Enna | 26

Parma | 112 Biella | 42

Reggio Emilia | 111 Ravenna | 42

Fonte: elaborazione Legambiente su dati Arpa o Regioni

NB: in rosso i giorni totoli di superamento delle cittd in cui si & registrato nel 2018 sia il superaomento dei limiti
del Pm10 che dell’'ozono. In nero i giorni di superamento del limite previsto per I'Ozono (25 giorni all’'anno); per
la citta di Ferrara si riportano i giorni di superamento previsti per le polveri sottili (35 giorni all'anno).

Figurel8c¢ Cities that overcamat least one of the daily limifer PMp or G; (image taken fronLegambiente (2019)

Pag.25]| 45



BE S’ECURe
(make) Built Environment Safer in Slow and Emergency Conditions through behavioUral assessed/designed Resilient solutions

Grant number: 2017LR75XK
4. Built environment characteristics which favor SLOD occurrence or severity

The BE has demonstrated to have an inherent mesoscale environment and dynamism, compared to the urban
areas; but also, within the same urban entity, quadrants would behave differently depending on certain
factors(Stewart and Oke 2012; Paolini et 2014a; Jamei et al. 2016; FULADLU et al. 2018; Colaninno and
Morello 2019) These factors can be divided intmacro-categories such as:

Urban fabric materials, density and geometry;

Greenery location, coverage and density;

Water bodies location andoverage;

Degradation of the vegetation, water bodies ecosystem and urban fabric.

= =4 =4 =4

To further understand and analyze this mesoscale unicity of the environment within cities, it is important to
ARSY(GATFe oKAOK LI NI YSGHSNRER I 2criticaityy diJha aclinatiors ¢f a R S NI A
larger risk of a certain type of SLOD.

4.1. Built environment characteristics

The urban fabric greatly alters the normal functioning of the natural environment. Large constructed volumes
modifies the solar energy capte and rereflection to the environment, changes the wifidw trajectories

and velocities (thus, air, water and particles transport as well), ardireets sound waves to extend their
propagation(Arnfield 2003; Ghiaus et al. 2006; Echevarria Sanchez et al. 2015; Lee and Kang 2015; Salvati et
al. 2017) Moreover, constructed surfaces tend to have larger absorption coefficients and lower albedo
compared to organic surfaces. All these together stimulate the heat and pollutant entrapment within cities

or the street canyon, contributing to the temperature increaand pollution concentration.

OBIEMTATION GEOHETRY /2ATI0 Sk VIEW FACTOR

Figurel9 ¢ Building form factor: orientation, highvidth ratio, sky view factofdiagramedited by the authons

Figure20 ¢ Building material and natural elemenfdiagramedited by the authons

Figurel9andFigure20 graphically trace such aspects according to a general schematization approach.
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Many authos have concentrated on studying the effects of urban morphology and materiality on
environmental conditions that influence the SLOD risk occurrence. Mostly tend to scale down the analysis
into the urban canyon shape, and their node link connections (é&gzgas, intersections and roundabouts),
and the material type coveragd&herefore, these urban spacégpes are the focus of the study in the
following sections. Theselements in terms of defining metrics (seeFigure 21 ¢ Built environment
deconstruction and relevant parameters for SLOD. Definition oBeecategories which would modify the
SLOD risk by macaategories, the leftmost are the largest (based on the scale); the Aglatst, are the
specific features of the BE that are identified at a localized element and which do not rapidly fluctuate, thus
can be identified and measurgdconverge on most of the following:

1 Morphology:
Figurel9
o Orientation;
0 heightto-width ratio (H/W);
0 heightto-length ratio (H/L);
0 skyview factor;
o facgade protrusion length;
0 streetwidth.
1 Materiality:
Figure20
o Landuseland-cover (LULC);
o albedo (i.e. opticafadiative properties);
0 mass (i.e. thermal capacity and acoustic absorption);
0 permeability (i.e. water, pollution)/porosity;
0 roughness.

4.2. Greenery and water bodies

Green areas and water bodiesan mitigate the effects of the increasing temperatures, air pollution and
extreme precipitation occurringp the built environmentConcerning theextreme temperatures, geen areas

and water bodies in the urban environment can contribute to the mitigation of the(Kitfiilay et al. 2019)

The presence of vegetation and water bodies has demonstrated to avoid large temperature shifts between
day and night, as wedls avoiding such extreme temperature peaks in winter and/or sumi@arm et al.

2017; Santamouris et al. 2018; Wu and Zhang 2019; Colaninno and Morello [20&8Y, one of the ways

that citiescanaddresshe worsenUHI effects is through greeand blueinfrastructure (Gand B}, e.g. urban
forestry(Hewitt et al. 2019)This is due tthe tendency of plants to react to changing temperatures, humidity
rates and hours of sun, over the seasansl thelarge thermal capacity of water

In fact,the mitigation strategies could result in a combination of enhanced nabased and low impact
solutions that can help urban communities to adapt to the effects of climate change, by taking into account
the specific urban climates (hot, mild, cold climgteby strategically choosing the appropriate tree and plant
according to their seasonality (evergreen/seasonal) and pollutants absorption characteriBges can
naturally provide cooling shade with thdoliageby reducing the need for air conditiamy (Kara E. Reeve,;
Ryan Kingston 2014nd helpng to remarkablycool the urban ai{Doick and Hutchings 2013)Jowever, if

they are deciduous species and once the leaves have fallen, they can let the sun radiation hd&fts the
surfaces in colder weather conditions, whereas the evergreen species guarantee a protection against
weathering all year long.
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effect of evapotranspation - the evaporation of water from vegetation and surrounding s(ilssario and
Gray 2012)is minimal in winter because of the absence of leaves on deciduous trees and the lower ambient
temperatures.On the other hand, water bodies (e.g., oceangefa rivers and streams) may provide
temperature mitigation through the their slow warming rate, as water bodies have a greater specific heat
capacity compared to other physical obje¢ianteghi et al. 2015; Wu and Zhang 2QIBj)erefore, he
influence of green areas in the urban environment depends on a wide variety of factors, such as size and
vegetation structure of the green space and their species, season and time of the day, sky obstruction in the
built-up and green areas, the prevaililocal weather conditions and the climatic zone where the green area
is integrated(Oliveira et al. 2011; Yan et al. 2020)

Regading the air pollution large trees are excellefitters for urban pollutantsand fine particulates. They
consumepollutant gases (such as carbon monoxide, nitrogen oxides, ozonsufndoxides) anctlean the
air fromfine particulates such as dust, dirt or smoke by trapping them on leaves an@R#stk2016)
Besides, all plantgsethe process of photosynthesig take carbon dioxide (Gfrom the air and water from
the groundwhile usinghe sun radiation(Drahansky et al. 2016)\s a matter of fagtthe restoration of trees
remains among the most effectivand accessiblestrategies for climate change mitigati¢Rriedlingstein et
al. 2019)

Oceanscan be considered darge naturalésinkst for CQ, since theyspontaneously absorb a significant
fraction of the fossil C£emissionsThe carbon capture and mitigatioproceduresprovided byocears are
essentially two

1 CQisdiluted, it isdissolvedn the deep layersvhere carbon can be stored for decades to centuries
(Rackley 2017)

1 Thealgal growthstimulationthrough thefertilization of oceans allowsto capturethe greenhouse
gassin the algabiomassthroughthe chemical reaction athe photosynthesigSayre 2010)

In conclusionthe incorporation ofiving systemto the urban environmentan contributenot only in terms
of mitigation ofthe increasing temperatures effect ddHI phenomenomndredudion of the air pollution,

but also innoise abatement improving quality of life, enhancing biodiversity astbrm water runoff

mitigation. Within the contextof this researchthe amount and level of soil sealing calay an important

role In BEclimate regulation and adaptatiorHavingsurfaces andirban elementspermeableto water is
hencea promising strategto tackle the issuesoming fromextreme precipitatioreventsin the citiescontext
(Frantzeskaki et al. 2017)

4.3. Degradation

The degradation of vegetation, water bodies and urban fabric would hamper any of the good effect that
these were having to its surrounding. For instance, a decay on vegetation coverage would significantly reduce
the capacity to assimilate pollutigiNaeem et al. 2018)n addition, aeduced urban fabric reflectece, and

as aconsequencethe reducedoverall urban area albedo, would inhibit its capacity to deal with excess heat;
degraded built surfaces tend to become more porous and bolster the pollutant depofRmaiini et al.

2014b; Paolini 2015)likewise, sewage infrastructure deterioration, or gafion due to solid waste
accumulation, would reduce its capacity to capture and manage steaier flow becoming more vulnerable

to floods(Lamond et al. 2012)
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Figure21 ¢ Built environmentleconstruction and relevant parameters for SLOD. Definition d@Eheategories which would modify
the SLOD risk by maecategories, the lefmost are the largest (based on the scale); the rigloist, are the specific features of the
BE that are identified at a localized element and which do not rapidly fluctuatecaimuse identified and measured.

5.  Ciriteria for BE Classification according to Building  -related typological and SLOD features

The criteria for classifying the maiypologiesof the BE prone to SLOEgure22) and their severithave
been identifie after the studies described in the previous paragragmsl according to D1.1:Bection 3.3.2
outcomes The results ar@resentedin Figure22, Figure23, Table8, Table9 and eventualllsummarized in
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Figure28. The severity of the differertonfiguration of the piazza, Piazzale and urban canyon related to the
considered SLODS has been assessed through a qualitative scale fromvihéoe33 represents the highest
potential damage to the population. The factors listedSection4 combined tgether with the climate
conditions are alsoconsideredfor determining the severity valueFigure 28 contains an schematic
description of the agents refi@nship which might favor the risk of SLODs, combining the BE, the population
actions and vulnerability, and environmental context for generating heat and pollution entrapment and
developing health affections.

5.1. Areal BE: lhe piazza and Piazzale

"\ V4% | 72z
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Figure22 ¢ Type of prone to SLOD Built Environment. (Bft§ piazza and Piazzale.

Table8 ¢ Parameters used for the evaluation of the severity of the piazz&&@mrrale. The scale goes from 1: no risk severity to 3:
high risk severity.:llrradiance.

BE type h*/w ratio Trees presence Albedo Main related SLOD Severity
a) Piazzale Low
On all available area Low Accumulation of pollutarg 1 (low 1)
2 (average 1)
Not present High Heat island 2
On the Piazzale Average  Accumulation of pollutarg 3
On the streets Average Heat island, accumulation o 2
pollutants
b) Piazza next to a large Very low
street
On all available area Low Accumulation of pollutants 1 (low 1)
2 (average 1)
Not present Very high Heatisland 2
On thePiazza Average  Accumulation of pollutants 2
On the streets High Heat island, accumulation of 2
pollutants
c) Piazza next to amall Very low
street
On all available area Low Accumulation of pollutants 1 (low 1)
2 (average I)
Not present Average Heatisland 2 (average I)
3 (high I)
On the Piazza Average  Accumulation of pollutants 2 (average I)
Heat island 3 (high 1)
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BE type h*/w ratio Trees presence Albedo Main related SLOD Severity
On the streets High Heat island, accumulation @ 2
pollutants
d) Piazza next to @ Very low
averagestreet
On all available area Low Accumulation of pollutants 1
Not present Very high Heat island 2
On the Piazza Average  Accumulation of pollutants 1 (low 1)
Heat island 2 (average 1)
On the streets High Heat island, accumulation o 2
pollutants

5.2. Linear BE:he urbancanyon
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Figure23 ¢ Type of prone to SLOD Built Environment (BE). The urban canyon.

Table9 ¢ Parameters used for the evaluation of the severity ofutigan canyon. The scale goes from 1: no risk severity to 3: high
severity.

BE type h*/w ratio Trees presence Albedo Related SLOD agent Severity
(green Altot A)
a) Urban canyorlow h, Averagéhigh
small street
Yes Low Accumulation of 1 (low 1)
pollutants 2 (average 1)
No High Heat island 2or
3 (high 1)
b) Urban canyorhigh h, Average
large street
Yes Low Accumulation of 2
pollutants
No High Heat island 2or
3 (high 1)
No Average Heat island 3 (high 1)
¢) Urban canyon high h High
small street
Yes Average Accumulation of 3
pollutants
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BE type h*/w ratio Trees presence Albedo Related SLOD agent Severity
(green Altot A)
No High Heat islangd 3+
Accumulation of
pollutants

d) Urban canyorlow h, Low

large street
Yes Average Heat island 2
No High Heat island 3

5.3. An insight on most critical urban canyon types

To demonstrate even further theerformancevariability of urbarspaces, solar radiation analysiand wind
tunneltests were performed for different configuration and orientatiorBE units, aided by computéased
simulations.The results have been condensedFigure24, Figure25, andFigure27. These analyseare
mainly to demonstrate theveight that the weather/envionmental condtions have on the intensity of the
SLOD risk for the population.

Heat concentration

For instance, for a narrow urban canydigure24), with buildings at different heights, the way their oriented
with respect to the sun position will greatly alter the BE surface temperafuegding shade from a side
andexposing signifiadtly the opposite aredseverity risk3 for high temperature exposujeDifferently for a
narrow urban canyon witboth sides of considerable heigtity which both sides would provideufficient
shade that would allow the pedestrians to avadch higher shortvave radiation direct exposure which
would increase their overatiody temperature(risk severity 1jZani et al. 2018neverthelessduring mid
day hours these BE typology would escalate to risk severity@8dtmar sky, under high radiation, given that
the radiation would penetrate even when theky view factois lowandthe proximity to high BE surface
temperatures would intensify the heat exchange by radia(@hhafith et al. 2019)as shown byrigure26.

On the other handthe risk severity of ratherwide urban canyon (e.gPiazza, dPiazzalé, Figure25) will
highlydepend on the irradiance conditions, the BE albedo andotiesence of green structures as shadings.
All sun radiation will stri&k the surface and the heat management capadihys, the risk severitywould
depend on the BE materiality mentioned$ection254.

In addition the wind velocity cooling capaciyould only be favored in rather wide urban canyptie wind
speed is largelgdiminished by rouglandlow airpermeableelements (green structures includedys shown
by Figure27.

Solar Radiant Exposure [kahim2) I |

Figure24 ¢ Urban canyon type a. Canyon orientation East/West, with the tall building at north.
0 1078

Solar Radiant Exposure [kWwhim2] I |
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Figure25 ¢ Urban canyon type d. Canyon orientation North/So@&hildings have both loheights
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Solar radiation studies

25

Dimensions of the urban section analized Average h/w = 0.55

21 June from 8:00 am to 9:00 am
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21 June from 12:00 am to 13:00 pm

21 June from 18:00 am to 19:00 pm
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Solar radiation studies

Dimensions of the urban section analized Average h/w = 0.55

21 July from 8:00 am to 9:00 am

21 July from 12:00 am to 13:00 pm
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Solar radiation studies
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Average hiw 4

Figure26 ¢ Simulation of Irradiance falling on the urbeanyon with different configurations and orientations, at different moments
of the year

Pag.37]| 45


















