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1. Introduction
Nowadayspeople have suffered, identified/recognizedr acknowledge the fact thabeing exposed to
certain conditions for rather long periods, andsbort periods oflarge frequenciegenerates aleterioration
of their health. The arousal ofSLOD evidence is bigger in urbanized contamt this evidence can be
escalated given the inherent properties of the built environmeriug following thedeductions made in
DeliverableD2.1.1certainconvergence of features and eventualitisuld bepredicted or identified to avoid
KFENYAy3a GKS OAleQa AyKFIoAGlylGaod
In the Europen contexi research work has been shared on the progressiotheflabelled criticalSLODs
(increasing temperaturesndair quality and pollutior), providing a notin onwhere these disasters are more
prone to take place.
For instanceanalyzingair quality and pollutiofrom the annual mean average of PMi2in Figire 16 of
DeliverableD2.1 litaly stands out a®ne of the most critical areas for Central Eurppe particular the
regions ofPiemonte Lombardia and/enetg even worse conditions have bedrawn for the municipality of
Milan. On the other hand, when studying tiecreasing temperares in Figure 9 of DeliverableD2.1there
is awidely spread ofoncentration of registere@xtreme temperatureeventsbetween 1986 and 2015 in
Central and Easta Eurge; alsoFigurel displaysa commontrend in annual temperature imeaseof 0.3
0.35 °Metween 1960 and 2018 r the sameareas.
Thus, in northern ltaly converge bottonsiderableincreasingtemperaturesand decay ofair quality and
pollutionincrease renderingthe country auseful case study to assedse tohigh Hazard Whichcombined
with largepopulation density(Figure2)., increases the risk @fnpacting a largenumber of people
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The analysisf the exposition to SlovDnset Disaster is twofold. When the impact of SLOD is evaluated, some

demographic categories might be more disadvantaged than otreferred as the susceptibility of the
population in D2.1.1Therefore,to be certain of diminisimg the rapid development of SLODs in these
population categoriegreducingvulnerability), the first step concerns the demographic analysis of old and
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underage population in Milano. This analysis highlights the urban area where demographic categories are
more present in the municipality.

The second step concerdsterminingthe availability andanalyzinghe historical series related to air quality
and environmentaldata. This information has been retrieved from the open dataredby the Agenzia
Regionale per la Protezione AmbientédRPA).

Additionally, the Land Use Land Coverage (Lba€heen estiratedto determine the potential benefits of
greenery ancestimate the density of theones composing the built environment.

These analysdsave beemresented by dividing the built environment at the level of theclei di Identita
Locali(NID. The resulthaveguided the selectionf a narrower area to assess, in whiater onthe features
mentioned on D2.1.5nd 82.4would beextractedand studied.

The presented deliverableresents in 8 the description of the case study highlighting how the selected and
delimited BE is representative afeas in which the SLODs introduced and analyzed in the Daffedt
human health by camibuting to increase the mortality.

2. ltalian context analysis
Recallingthat northern Italy, is amongsEurope,one of the regiors which is at higher risk of suffering
conjointly the most critical SLODsThe Pianura Padandnolds withinmajor citiesas Milano, Brescia and
BergamoGlancingat the regional population, the Lombardsgion presents he higher number of inhabitants
(Figure2).
This is a peculiar condition that lead at investigating mainly the cities belonging to this Italian hedgesd,
the Lombardy region presengpprox. 40% more inhabitants than the second most populous region in Italy:
Lazio.

10 1 mm Regional population

Figure2: Totalpopulationby regions (dta source: ISTAT, 1 Gen 20ASTAT 2020)

Among theCapoluoghi di Provincia Lombardia, Milan represents axceptionakase. Its population is6.5
times higher the other citiegit doubles Torino with ~1.3 Million inhabitantgjven that it holdsjn great
number, national and international services attracting floes of city users from the whole nation and from
abroad (eg. industry, universities, healthcade Also, as mentioned before, Miladisplaysfavorable
conditions forboth assesse&LODs.
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2.1 Demography maps

Vulnerable populatiorK & 6 SSy f 2 Ol G SR I Nuclé Giadddita YodatiodifatianKie OA (0 &
demography data have been retrieved form the Comune di Milano open data weéksitaune di Milano
2020)
This becomes the first layer of the mat(ixe. crowdednesyto understand the severity of SLOD risks, as
susceptible intvidualsbelong to thevulnerabilityfactor of thedefinition relationship for evaluating riss a
function ofexposure, vulnerability and hazard
As mentioned before, elder peopfall into the category of susceptible to SL@8pulation. This, given the
lower capacity of achievingaeffectivethermoregulation of their bodyresulting insignificant and dangerous
dehydration during summey while low metabolic heat production during wart(see D2.1.1 fomore
detail9. Also, their bodies have already been exposed to considerable amount of pollutants, duttegsr
are notcapableof assimilatingsuch contaminated asind provide sufficient oxygen for thédody organs.
Thus,the number of elder people (defined as >65) pdi Nas been plotted and compared Figure3.
Showing a rather big concentration ¢ime Buenos Aireg Veneziaand Bande Neg; followed byNiguarda
/ | QD Ndnd/GRllarateseA third group is represented by N@ltta Studi, Loreto, PadoviagdiCorvetto,
Villapizzone and Baggio.

Legend

65+ in NIL Zones
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Figure3 - Number of over 65 citizens in the Nuclei di Identita Locale (NIL) in Milano (2017).

The same rigksuffer the children orunderage. Their bodies are stdeveloping,and their organs can be
seveely damaged if affected at thistage Hence, thequantity of new born citizens located within the NIL
has been compareth Errore. L'origine riferimento non é stata trovataSimilar tothe values obtained for
elders,NILs in the NorthEast area of Milano are the omeesenting an higher concentration néwborns.
TheBuenos Aireand Veneziarepresent the NIL wish contains the most of young citizens.
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Legend

New Born in NIL Zones
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Figure4 - Number of new born citizens in Nuclei di Identita Locale (NIL) in Milano (2017).

2.2 Mapping crowding source buildings/institutions
The potentialcrowding source focal poinfsr elders and youngsters have been identified and plotted on a
map for the Milan municipalitfFigure5. Theseare not meantnly for the identification of risk areas based
on the rough probability of having considerable quantity of people present. But they could hehinigédso
the probability of having certain number of people which fall into the category of susceptibleritical
SLODsdrfcreasing temperatureandair quality and pollutioras defined in D2.1.1).
For the eldersResidenza sanitaria assistenzifiRSA) dResidenze Sanitarie per DisafSD)Comune di
Milano 2019)can be considered as the most critical crowding source focal poititde for the young, the
schoolswere identified aspotential meeting points. These were plotted in top of the density maps, to
establish probable locations of larger risiccording to their proximity(Figure 6 and Figure 7). This
information can bencomplete as data on the locations of this building types are mostly available for public
schools ancentities.
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Building use
©  amministrativo - municipio

® amministrativo - sede provincia

© amministrativo - sede regione

® commerciale - mercato

© commerciale - sede di centro commerciale

LI iale - sede di sup ato, ipermercato

@ luogo di culto

® ricreativo - sede di attivita' culturali - cinema

® ricreativo - sede di attivita' culturali - teatro, auditorium
® servizio pubblico - istruzione - sede di scuola

@ servizio pubblico - sanita' - agenzie di tutela della salute (ats) - sede di ospedale 0 25 5 75 10km
® servizio pubblico - sede di poste-telegrafi

Figureb: Building use (data source: Database Topografico Regiobd& RfRegione Lombardia 2019)

Legend

80+ in NIL Zones 2017
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Figure6 - Number of over 80 citizens in Nuclei di Identita Locale (NIL) in MilaHocation ofopenRSA e RSomotedby
Regione Lombardig017).

Pag.7]| 49



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

Grant number: 2017LR75XK

Legend

Minors in NIL Zones 2017
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[ 1523-3045
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Figure7: Number of minors in Nuclei di Identltacale (NIL) in Milano and locationpafblicschools (2017).

The areas reported as holding rather large numbers of youngsters, correspond to those displaying numerous
school locations. For instandegth Buenos Aireg Veneziaand Citta Studhave a consderable amountof

schools as well embeth particular inFigure?, Citta Studshowsthe highest concentration gfublic services

¢ educationg school premises

2.3 Mapping environmental conditiors data source
As the SLOD risk analysis requiresittiermation coming from the recognized involved actquegulation,
environmentalconditions,and built environment characteristi;sand from these, the most variable is the
environmental conditions of the analyzed contdeven when they are considered at a certain degree
periodic)it is key to mapvhere thedata is coming from.
Moreover, the conditions surveyed, have proven to \agyificantly from site to anotherSee D2.1.) thus,
the information recorded of a site is relevant for a certain area of influence of the rolicnate in which this
surveying system is immersed.
Furthermore the surveying systemsommissioned for retaving and gathering useful data atemmonly
scarce (omot sufficient to cover the built environmentnit). Thus, in order to perform an accurate SLODs
risk assessment is necessary to find the convergence of severity of built environment, susceptisilit
population andharshness ofnvironmental conditionsthis last,depends entirely on thevailability of
reliable data.
Therefore the location of air qualitand weatherstationsacross the built area has been laid dowrrigure
8 and Figure9. And also, ¢ evalude to what extent the stations arequipped the number and type of
sensordheld by each have been identified acdndensed imablel.
Within ltaly, theentity 3 Sy T Al wS3IA 2y S LIS Ndoledts andsBrésnformatigrcon R S £ f
parameters affecting the environment. Hence, from this entity for the regidroaibardy, opensource data
was obtained to analyze the environmental conditions that would shape the degree of severity of the SLODs
risk in the city of Milan.
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a. Location of the weather and air quality stations
In Milano there are 9 air quality stations, egped with 63 sensors (s@&ablel) detecting the air quality
according to the following parameters:

Ammoniaca Monossido di Carbonio
Arsenico" Nikel

Benzene" Ossidi di Azoto
Benzo(a)pirene Ozono

Biossido di Azoto
Biossido di Zolfo
BlackCarbon
Cadmio

Particelle sospese PM2.5
Particolato Totale Sospeso
Piombo

PM10 (SM2005)

= =4 =4 =4 -4 -8 -8 -9
= =4 =4 8 -8 -4 -8 -9

These monitoring stations have been mainly placed in the Neas$t side of the city, in both logense (e.g.
station 1 and 8 irrigure8) and high dense messcale environments (e.g. station 2, 3, 4 and bigure8).

0 25 5 7.5 10 km
I 2 0 a0

Figure8: Mapof KS t 201 GA2y 2F ! wt! Q& FANJ ljdzr tAdGe adldaz
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Tablel:Air quality parameters measured for each air quality station.

Map id Station Sensor code Type of sensor

1 Milano- Parco Lambro
5722 Ozono
5550 Biossido di Azoto

6340 Ossidi di Azoto

2 Milano- Pascal Citta Studi
17126 Benzene
20020 Ammoniaca
10282 Ozono
12629 Benzo(a)pirene
10278 Ossidi di Azoto
12626 Cadmio
12627 Piombo
20004 BlackCarbon
12624 Nikel
12625 Arsenico
10273 PM10 (SM2005)
10283 Particelle sospese PM2.5
10279 Biossido di Azoto

10280 Biossido di Zolfo

3 Milano-via Juvara

5713 Ozono
6637 Particolato Totale Sospes
5505 Biossido di Azoto
6905 PM10(SM2005)
5625 Biossido di Zolfo

10269 Ammoniaca
9874 Particelle sospese PM2.5
6312 Ossidi di Azoto

12639 Cadmio

17122 Particelle sospese PM2.5
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Map id Station

Sensor code Type of sensor

12641

12638

6354

20005

5834

5551

10320

12637

12640

6057

Benzo(a)pirene
Arsenico

Ossidi di Azoto
BlackCarbon
Monossido di Carbonio
Biossido di Azoto
PM10 (SM2005)

Nikel

Piombo

Benzene

5 Milano- Verziere

6956

5725

5838

5531

6366

5647

PM10 (SM2005)
Ozono

Monossido di Carbonio
Biossido dAzoto

Ossidi di Azoto

Biossido di Zolfo

6 Milano- viale Marche

5827

17127

5651

6328

6641

5504

Monossido di Carbonio
Benzene

Biossido di Zolfo

Ossidi di Azoto
Particolato Totale Sospes

Biossido di Azoto

7 Milano - P.zza Abbiategrass:

5552

5637

6344

Biossido di Azoto

Biossido di Zolfo

Ossidi di Azoto

8 Milano- viale Liguria

5542

6639

Biossido di Azoto

Particolato Totale Sospes

Pag.11]| 49



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

Grant number: 2017LR75XK

Map id Station Sensor code Type of sensor

5823 Monossido di Carbonio

6320 Ossidi dAzoto

5628 Biossido di Zolfo

9 Milano-P.zza Zavattari
6062 Benzene
5650 Biossido di Zolfo
6372 Ossidi di Azoto
6651 Particolato Totale Sospes
5506 Biossido di Azoto

5841 Monossido di Carbonio

Meanwhile, for monitoring the meteorological condition of the site, 10 stations have been found. All of them
placed on the northern part of the city, but mostly on the east side. Their sensors have been listgaré
10, finding that they measure maostly air temperature, relative humidity and wind speed.

® Milano Niguarda Legend

Weather sensors in Milano

® Milano Lambrate
® Ségrate Milano Due @ Milano Niguarda
®. Milano v.Marche ® ' Milano Lambrate ® M!Iano P.zza Zavattari
. {. ® Milano v.Feltre ® Milano v.Brera
Milano v.Rossellini._ @ <Milano v.Confalonieri @® Milano v.Confalonieri
® Milano v.Feltre
@ Milano P.zza Z.avattan ® Milano v.Juvara ® Milano v.Juvara
Mil B ® Milano v.Marche
fanp y.Brer ® Milano v.Rosellini
® Segrate Milano Due
0 25 5 75 10 km

FigureY [ 20 A2y 2F !'wt! Qa ¢S GKSNJ adridiAz2yauy Ay aAflyo
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2006 Precipitazione mm 100 Milano Lambrate 45.4968 9.25752
2001 Temperatura °C 100 Milano Lambrate 45.4968 9.25752
. 2002 Umidita Relativa % 100 Milano Lambrate 45.4968 9.25752
Milano Lambrate 2008 Radiazione Globale W/m* 100 Milano Lambrate 45.4968 9.25752
14391 Velocita Vento m/s 100 Milano Lambrate 45.4968 9.25752
14390 Direzione Vento ° 100 Milano Lambrate 45.4968 9.25752
Milano Niguarda 3118 Livello Idrometrico cm 1425 Milano Niguarda 45.5258 9.19222
5920 Temperatura °C 503 Milano P.zza Zavattari 45.4761 9.14179
19005 Velocita Vento m/s 503 Milano P.zza Zavattari 45.4761 9.14179
Milano P.zza Zavattari 19006 Direzione Vento ° 503 Milano P.zza Zavattari 45.4761 9.14179
6185 Umidita Relativa % 503 Milano P.zza Zavattari 45.4761 9.14179

9341 Precipitazione mm 503 Milano P.zza Zavattari 45.4761 9.14179

19008 Velocita Vento m/s 620 Milano v.Brera 45.4717 9.18911
19374 Radiazione Globale W/m* 620 Milano v.Brera 45.4717 9.18911
. 5897 Temperatura °C 620 Milano v.Brera 45.4717 9.18911
Milano v.Brera 19373 Precipitazione mm 620 Milano v.Brera 45.4717 9.18911
19009 Direzione Vento ° 620 Milano v.Brera 45.4717 9.18911
6174 Umidita Relativa % 620 Milano v.Brera 45.4717 9.18911
Milano v.Confalonieri 8149 Precipitazione mm 890 Milano v.Confalonieri 45.4871 9.19323
. 8125 Livello Idrometrico cm 869 Milano v.Feltre 45.4916 9.24874
Milano v.Feltre 8162 Temperatura °C 869 Milano v.Feltre 45.4916 9.24874
19244 Direzione Vento ° 502 Milano v.Juvara 45.4732 9.22232
5908 Precipitazione mm 502 Milano v.Juvara 45.4732 9.22232
. 19243 Velocita Vento m/s 502 Milano v.Juvara 45.4732 9.22232
Milano v.Juvara 5909 Temperatura °C 502 Milano v.Juvara 45.4732 9.22232
6179 Umidita Relativa % 502 Milano v.Juvara 45.4732 9.22232

6458 Radiazione Globale W/m? 502 Milano v.Juvara 45.4732 9.22232
6597 Umidita Relativa % 501 Milano v.Marche 45.4963 9.19093

. 19020 Velocita Vento m/s 501 Milano v.Marche 45.4963 9.19093
Milano v.Marche 5911 Temperatura °C 581 Milano v.Marche 45.4963 9.19093
19021 Direzione Vento ° 501 Milano v.Marche 45.4963 9.19093

Milano v.Rosellini 14121 Precipitazione mm 1327 Milano v.Rosellini 45.487 9.19347
2064 Umidita Relativa % 104 Segrate Milano Due 45.5021 9.26513

Segrate Milano Due 2065 Precipitazione mm 104 Segrate Milano Due 45.5021 9.26513
2063 Temperatura °C 104 Segrate Milano Due 45.5021 9.26513

FigureloY ! wt ! Q& ¢Sl GKSNJ adldAz2ya RIFEGEF GelS Ay aAtlyz (23SGKSN ¢

The most equipped stations happened to be within the NBusnos Aireg Venezh and Citta Studi.

2.4 Mapping built environment features
The built environment features would determine both the sevenfythe Physicalvulnerabilityand the
intensity of theHazardlinked tothe SLODs risk occurrence on the hosted inhabitants.
Thesefeatures shall be measured appropriately according to the dimension scale of the area in which the
analysis is performed. That is, there are certain parameters that would easily be more sensible to estimate
the risk therefore the following categories halween established (Figure 21 in D2.1.1):
1 District: Mainly related to LULC.
0 Urban fabrigbuilt surfaceareaand voluma.
o0 Streets
o0 Greenery(green area coverage)
o Water bodies
1 Canyor/ Piazza
o Density and geometrge.g. heigh{h], width [w], aspect ratigh/w], volume orientation).
0 Greenery and treepresence anadoverage
o Street and sidewalk siZee. width [w])
9 Building
0 Type ofroofing.
o Facade geometry.
0 Accesginterface withpedestrian$.
1 Surface
0 Materials(mainly related tcalbedo.
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Some of these have been assessed progressively in the following chapters, gradually as the scale of the
analysis area is narrowed dowrhis scaling down analysis led as well todaBneationof a small area
that would serve as a study case forather humarscale analysis. Thuigremaining parametersre
meant to be tackled in the following Work Packages of the project (D2.2.1 and D2.2.2).

Regarding LULC, dividing the city into zones by their NIL, the total greenery area coverage has been
compared inFigurell, while the density of the built environment has been describedrigure12.
Moreover, to define the volumetric density of the built elemeifigurel3is presented, the last could

serve as an insiglf the actualwind flow within the built environmenand solar radiation influx

5042500
1750000

5040000
1500000

5037500 1250000

5035000 - 1000000

5032500

Total built velume [sqm]

750000

5030000 I —

5027500 - 250000

502500 505000 307500 510000 512500 515000 517500 520000 522500

Figurell: Total green areasoverageper Nucleo di Identita Locale.

It is clear howin the outskirts of the municipalityarger greenery areas identified, jparticular the one for
ParcelLambro¢ Cimiancand GallarateseMost of the aeas in which more vulnerable population was found
such aBuenos Aireg VeneziaandBande Neravere found scarce for the presence of greenery, ad exception
of Gallarateseandb A 3 dzF NRI ./ I QDNJ y R

Then,Buenos Aires VeneziandDuomoareas are reported as the densest in terms of built areavardme.

It Is interesting to note the shift iarea to wlumedensity of cerain areas, such agiale Monza in which the
built surface area isonsiderablebut the built volumes are rather averag@w. These areas, although dense
favor wind flux decreasing the severity of the built environment @&D2.11). Meanwhile,Buenos Aires
¢ Venezia, Duomo, Breemd Cittd Studmaintained their above average density condition.
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Figurel2: Total built area (Superficie Copeft8C) in the Nuclei di Identita Locale.
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Figurel3: Total built volume in the Nuclei di Identita Locale.

T
515000

T
517500

T
520000

T
522500

Pag.15]| 49



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

Grant number: 2017LR75XK

2.5 Analyzing and comparingite-specificconditionsfrom data sources
Atestingprocedure was carried out to demonstrate how different the readings from one station to another
can be according to the context surrounding the sensor. The values used in the comparison correspond to
2016, where all the sensors had sufficient and reliable data stored in the servers accessed. In fact, 2019 values
are unreliable.
For example, taking sians from the NIlParcelambro,Citta StudandBuenos Aireg Veneziathat allow to
O2YLJI NB NBaLISOiIAoSte 29 RSyaradae FyR 3INBSy
difference function Figurel4) computed every hour @co-Lambrog Citta Studi goes above 2000 pghin
the first month (January)for an averagdarger than 3 pg/mevery hour. Moreover, the aximum single
registered ug/m?® difference peaked 76; and the 1 quietof the hourly collecteddifferencesdata are
reportedabove 7.1 pug/m
In addition, when comparing air temperaturgigurel5) to expose the evidence of Urban Heat Island (UHI)
the yearly mean air temperature values for the denser athavdrg is 1 °C higher than the othePdrco
Lambrg. Also, the maximum differenaencountered was 8.1 °C higher for the more urban condition, and
half of the hourly data fall between 0.6 and 8.1 °C.
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Figurel4: Ozone concentration comparison between Parco Lambro (large greenery coverage) and Citta StuzBrikeny gr
coverage)
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Figurel5: Air temperature comparison between Parco Lambro (large greenery coverage) and Juvara (low greenery coverage)

These corroborates the trend of higher air temperature and pollution concentration in demeas with
lower greenery coverage; and also, the trend of lower pollutant absorption/dilution capacity. Actually, the
station in RrcoLambrodisplayed 10% ledsequency of reported readings above the suggested healthy
limits of Q concentration in theair (Figure 12 D2.1.1) and 10% more of air temperatures above 26°C (typical
0dzA f RAY 3aQ | +!(ENIS®Z7301 2805)#hensc@npared2adittd Studand Juvararespectively
Eventually, data concerning the demography gedmetric characteristic of the neighborhooitsthe city

of Milan, have been collected and rankedTiable2 allowing to select the mogdignificant areasf the city

on which to accomplish further analyses.

Table2: Ranking of neighbourhoods in Milan where medtgions and AQ sensors are located

Tot A 65 rati  Minori_rati Green
Neighborhood Totinhab. [m?] 0 0 [m?] SC[n2] Volume [m¥] Schools
Parco Lambre
Cimiano 19546 4971970 28,4% 14,2% 1871305 464428 6500108 20
Niguarda- Ca Granda 36795 4251282 27,1% 14,7% 1350501 763687 10173958 23
Citta Studi 36232 2207487 25,3% 13,6% 339461 693885 11507446 25
Guastalla 15050 1548021 24,7% 15,3% 213601 604518 11555550 41
Buenos Aires
Venezia 61891 2877542  23,1% 14,8% 195787 1167669 21239789 22
Brera 18199 1637395 23,0% 16,4% 148339 746217 14056048 21
Duomo 16882 2341704 22,2% 16,1% 199811 1132538 21936364 20
Stadera 30100 3232237 22,2% 16,2% 625291 508502 6850990 22
Selinunte 26576 984926 21,2% 17,5% 113070 296239 4652911 5
Isola 22896 1322966 20,1% 14,0% 149915 465252 7345541 15
Navigli 17122 1483928 19,8% 14,7% 147594 445102 5517992 7
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For ranking the neighborhoods, corresponding to the hifily those containing at least omeeteorological
station orone AQ station have been selecteblloreover, for carrying out further analyses, the following
parameters have been considered:

9 65+ ratig calculated as the ratio between the number of inhabitants aged 65 years orandrthe

total inhabitants Total)

1 Minor_ratio, namely the ratio between the number of undaged inhabitants over the total
inhabitants Total);
Greenis a parameters indicating the total surface of green areas per neighbor;
SC (Superficie Coperta)he built surface in the neighborhood;
Volumeisthe total built volume in the neighbor;
Schoolss the total number of schools (nurseries, primaries, middletdagt schools

= =4 =4 =

These parametermform on the characteristics of the neighborhoods and allow to choose the most suitable
area on which to implement the further analysésgurel6 represents the parameterabove mentioned,
ranked according to the number of th&5+_ratia The Citta Sudi neighborhood has been chosen as case
study area since is one of the most representaiifehe considered parameterdhe Parco Lambro and
Niguarda neighborhoodhave not beenconsidered since they present@reen parameter to high to be
reliable, since it could deeply affect the next investigations on the effects of the heat islarair aotlution

on the BE. Moreover, theext step of the research concerns the investigatdthe microscale BE related
to the effects SLOD agents on the population. This analysis will be done thamkgtoployment oportable
sensors recording, pollutigrclimate dataand the geographicpositioning. For increaseprecision and
accuracy a Reaitime kinematic correctionwill be used:a technology freely available in Citta study
neighborhood.This is a further reason why the Citta Studi neighborhood has been chosen.

Parameters characterizing the considered neighborhoods
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Figurel6: Features of the consideteeighborhoods.

3. Case studelection anddescription
The selected case study is located in the Ndt#h area of Milano city in the so called Citta Stgdgmbrate
district. The area is represented byhigh population densitywith heterogeneousnfrastructure and built
environmenttypologies.
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In particular, the NIL area @fitta Studrepresents a rathedistinctarea, in which: an average concentration
of susceptible population can be found; 2 RSA RSD are located near the boundary limits; a considerable
number of sbools are hosted; 1 reliable data soufoe monitoring air qualityis within the boundary limits
(Milano - Pascal Citta Studand one more adjacentas found for supervisinigoth air quality andveather
fluctuations(Milano - via Juvarg rather low greeery area coverage (a minimum amount is desired to test
its convenience) and fairly high built surface area and volume coverage.

3.1 Insightsdata and delimitation ofthe casestudy

This NIL delimited areaas nearly80% of its total plan area dedicated for the construction of building units,
while 15.4% has been used for greenery space (mainly the area allocated for grass, bushes and other greenery
types). That is, nearly half of the space (55%) is currently, allodatédfrastructures, streetssidewalks

parking etc(Table3).

The neighborhood was born around the universities (Politecnico di Milano and Universita degli Studi di
Milano) and later important public buildings were added such as the Institute of Cancer and the National
Institute of Neurology Bestalhe neighborhood is served by two stops of the underground (Piola and
Lambrate) and is located 600 m far from a regiomadlivay connection represented by Lambrate station.
Several green areas surround the area, starting from P.za Leonardo da Vinci, to Giuriati sport facilities and
piscina Ponzio swimming pool.

has been done for understanding better the disposition of the areas, its features and also for identifying
criticalities of the built environment. It includes the location of different buildinhat represent crowding
sources, the location of the relevant data sources (weather and air quality monitoring stations) and the
classification of the existing public facilities (e.g. universities, hospitals, schools, health).

Table3: Nucleo di Identita Locale Citta Studi key LULC data.

Data Values Percentage
Total surface area 2,207,487 m

Total Built area 694,201 M 29.4 %
Total built volume 11,507,445 rh

Total green surface 339,461 M 15.4 %
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Mapping of green areas and public facilities
MUNICIPIO: 3 | QUARTIERE: CITTA' STUDI - LAMBRATE

ia Andrea Maria Ampére

Via Carlo Valvasson Peront

Scale 1:10.000 | Source PGT MILANO boards 501 and 503

GREEN AREAS DETECTION STATION
[ Urban green @ Temperature - Juvara
] Enviromental green @ Air quality - Citta Studi

General green

PUBLIC FACILITIES

1 University
Educational [ pre-school and primary]
Healt
Sport

["] Public Residential Building

Figurel7: Urban analysis of the Lambrat€itta Sudi area. The red triangle represents the selected case study area.
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Table4: Key demography data for NIL Citta Studi in 2017.

Variable Value Percentage
Men 16754 46,2%
Women 19478 53,8%
Total 36232 100,0%
Underaged 4935 13,6%
Foreigners 5303 14,6%
Families 18322 50,6%
Oneperson families 8513 23,5%
Lone over 80 1606 4,4%
Newborn 248 0,7%
Deaths 389 1,1%
Emigrates 1331 3, 7%
Immigrates 865 2,4%
80plus 3318 9,2%
65 plus 9171 25,3%
Infant schools (number) 7
Primary schools (number) 8
Middle schools (number) 5

Therefore, it igeasonable to infer that the selected NliLais active neighborhood frequented during the
day by thousands gdeople (from all age rangegndfrom thedemographidata gatheredrom ISTAT2020)
and summarized iffable4, the NILCitta Studholds a diverse population, with large susceptible grofios
instance, ~39% of the residents ofdtarea are either over 65 or under I&m which ~9 % arever 80 yars
old.

3.2 Description of the pecific Built environment aredor the SLOD risknalysis

To achieve anuch-detailedanalysis on the parameters of the bugivironment and in specific, of the way
the built elements are designed and constructeseduced, but representative, area has been selected for
the future analysis (sedemarcated irFigurel8). The specifi@analyzedlot is located in the Citta Studrea
and includedlifferent urban built environment types(ch afiazzale type (aurban canyon (a) and (tpbm

the archetypedlefined inD2.1.1) holdspotential crowding pointsa nearby waterbody and embed greenery.
Figurel8 presents a perspective view of the plot, witlearby focal cravding points thatcontribute to the
population flow within thecanyons.
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Figurel8: Aerial view of the case study area. (Extracted from: Google Earth)

A

In addition, as presented for the intermediate scale (i.e. Nitta Stud), the demographicharacteristicof

the delineated plot have been collected aaderelated information has beerepresented inTable5. This

time, more granular data has beeeported® C2NJ G KA & NBIA2Yy>X dom: 2F GKS
yearsold, and 2.5% are toddlers; hence 1/3 of the residents fall within theralggéed susceptible group

when dealing wittpersonal physical vulnerability

Table5: Key demographic data of the case study area

Variable Value Percentage
Agel0- 14 Yearsold 12 3.0%
Agel5- 19 Yearsold 18 4.6%
Age20- 24 Yearsold 10 2.5%
Age25- 29 Yearsold 16 4.1%
Age30- 34 Yearsold 21 5.3%
Age35- 39 Yearsold 35 8.9%
Age40- 44 Yearsold 35 8.9%
Aged5-49Yearsold 28 7.1%
Age5 - 9 Yearsold 19 4.8%
Age50- 54 Yearsold 26 6.6%
Ageb55- 59 Yearsold 20 5.1%
Age60- 64 Yearsold 23 5.8%
Ageb65- 69 Yearsold 29 7.3%
Age70- 74 Yearsold 38 9.6%
Age< 5Yearsold 10 2.5%
Age> 74Yearsold 55 13.9%
Ferale 230 58.2%
Italian 371 93.9%
Male 165 41.8%
Total residents 395 100.0%

Thisnarrowed area is characterized as welldusy roads that run betweea variety ofcanyonscomposed
by multi-storybuildingsof diverse facade material¥he dense urbanized aregpresents a perfect case study
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to analyze the effects of the islands of heat and concentration of pollutantsatieatvorsenin the presence
of certain materialsused inF £ 22 NAy 3 I Y R .3\dp) theRcAsy Stut\DoffersdtieIdpp@iSnity to
analyze roads with different orientations and different types of buildings that characterize the road sections.

This study is also fundamental for assessing the risks on the most vulnerable categoriesnfaeehildren
and the elderly(given the presence of health and educational facilitisd)en immersed im heterogeneity
of canyonsItallows to study wider and busier avenues, but also with4imeed stretches and compare them
with narrower streets, bt without any presence of green areaBhese parameters are hereby further
described:

a. Block description and building functions
The narrowed area is mainly composed of residential buildigggped withcommercial services on the
ground floot, as shownhroughoutFigurel9, Figure20 andFigure21.. Howeverthere arebuildings with the
potential to evoque crowding, such aaycare(Figurel9), theater (Figure20), church, kindergarten and
High-school(Figure21).

Thesebuilding types, by naturdfequently summon a considerable amount of peoglging particular hour
rangeswhich might coincide with problematic SLODs conditidineseeventualities shall be identified while

Residential and restaurants
Residential
Daycare and residential

Residential

Residential

o]
T

Figurel9: Western area block description and functions held
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Residential and shops

Residential and shops

Residential

Residential

Residential

Theatre

Residential and bank

Residential and shops

Church “Santa Maria Assunta”

High school, “Liceo Faes Citta Studi”

Kindergarten, “Happy child Fossati

Figure21l: Eastern area block descriptio and functions held

3.3 Description of the potential SLODBazard andphysical vulnerabilityof the specific Built
environment area

Thehazardand physical vulnerabilitgomponens of the risk assessment are closely related for SLOIes.
hazardcan be greatly diminished by lovulnerability resulting in a much lower risk

a. Density and geometry

For example, in terms dhcreasing temperaturethe physicalvulnerabilitycanbe low whenthe affected
population is located under the shadow (no direct radiation) and the surrounding surfaces have a rather low
temperature Thus, it is important to understand the behaviortbe shadows or the potential shadow tan

an elementinserted in the area might provid&hat is the case fdfigure22, where the shadow analysis has
been performed at differenhours of the dayn winter season
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The shadows projected by the built environment are closely related with the building, or block, density,
geometry(aspect ratioand orientation. Specially as the sun altitude and position varies during the day and
along he year.

b. Street and sidewalk size

People would rathewalk by shaded paths during summer, but sunny ones during winter.chhise is
limited by the disposition of sidewalks, and th&irR S ANB S 2 F. ThatGsOtte dealipbBilildy of a
person to use a sidewalk given thbjects (either temporarily or permanenicated on them. To deal with
that, it is possible to estimate the areas allocated for parking, or the informatia@tonpation permitgiven
by the municipality Occasionally, this occupation is the result of certain populdi&ravior, preferences or
simply habits; in the case study there is a settled trend of using most of the sidewakaitable space
(besides the frequently transited piions of the street) for parking automobiles.
Figure23 maps the spaces destinated to pedestrians for their displacements within the narrowed area of
interest, and theavailable parking lot€One can note that these are always located along and very close to
the pedestrian paths, ad exception of the stremt the eastern boundary of the zor{fBlumbered as 3 in
Figure23), which hasrranged a buffer zone in betweeesembling D2.1.lirban canyorype ). Differently
for zone numbered as 1 or 4 Figure23, which would resembl®2.1.1piazza and piazzalype (a)ingead,
by having a considerable wide area within the two street lanes.
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Solar shadows study
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Figure22: Winter shadow analysis at 10:30, 15:00 dr&100.

Pag.26]| 49



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

Grant number: 2017LR75XK

Figure23: Classification of pedestrian destinated spandidentification of available space for automobile parking.

In addition, it is rather peculiar to find a double line parking on the side of the street, which can only be
possible if a rather invasive parking is performed by citizens, as shdviguire24; this type of arrangement

can only affect negatively the pedestrian with a lower available space and shorter proximity to a source of
pollution (automobile). Nevertheless, this type of automobile parking disposition can orlgknewledged

with in-situ measurements and is rather complex to account for it in analysis which consider larger scales.

c. Greenery and tree coverage
Consideringhat the built environment has mainly been desigrfetlowinga rather cafcentered approach
(Trancik 1986)thus reducedspace for people, it ikey to understanchow the remaining space has been
thought to be conditioned for pedestrians.
Pedestrian and drivers prefer to walk in and park their cars uadested shadow, which if not casted by a
building will more certainly be preferred to be castedish trees. Database®rmally include a description
of the area covered by green infrastructure, but ifagly ambiguous when mapping trees in the city (valid,
given their continuous changesHowever, the presence of trees can affect significantly the SLODs risk as
definedin D2.1.1 thus, these were mapped for the castidy inFigure25. In addition, insitureconnaissance
enablesthe identificationof tree typology, shape, crown/cangpand lushFigure26).
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