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Abstract

SLow Onset Disast{SLOD) are responsible for the production of systemic effects on the urban ecosystem
and can seriously harm peopie be living in the cities. Therefore, the agents underpinning the SLODs must
be carefully analysed to quaire a good knowledge of the effects that they may produce on the citizens and
investigating how these agents are related to the Built Environment (BE) characteAbtcsmalweather
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1. Introduction
Based on the deductions amdecisionsmade throughout D.2.1.1 and D.2.1.2, the following work has
O2y OSYyidNI GSR 2y | &fdnSréasirgyempeiatir&ndAif polBit@r@ion M dityl of Milan,
Lombardy, ItalyThis report providean exhausve set of analyses accomplished on climate data collected
by weathercentrals in the city oMilan.

Therefore the work hereby descrilsthe identificationof risk conditions linked ttncreasing temperatures,
while giving few insights oscenarioghat might be overlapped with poor air pollutionanagement.

1.1 Identification and selectionof weather stations
Within Milan there are 10 active weather stationthat belong tothe ARPA (Agenzia Regionale per la
Protezione delllAmbier) opensource database (ARPA Lombardia)This can be usedfor gathering
information about how theénherent microclimate conditions are progressifigurel displays how are these
stations distributed in the cityand Table1 shows the information type and identification number of the
sensors held in each of the stations

a. Weather data availability
Recalling the deductions made or2[l.1,increasing temperaturewasO2 Y4 A RSNBR | Y2y 34&
greater impact and recurrencé&ablel allowed toidentify only 5 weather stationg/hichhost sufficient data
to recognize its evidence

1 Milano P.zza Zavatta(ii3),
1 Milano LambratgM1),

1 Milano v. MarchgM8),

1 Milano v. JuvaréM7), and
1 Milano v. BrergM4).

® Milano Niguarda Legend

Weather sensors in Milano
Milano Lambrate (M1)
Milano Niguarda (M2)
Milano P.zza Zavattari (M3)
Milano v.Brera (M4)
Milano v.Confalonieri (M5)
Milano v.Feltre (M6)
Milano v.Juvara (M7)
Milano v.Marche (M8)
Milano v.Rosellini (M9)
Segrate Milano Due (M10)

® Segrate Milano Due

® Milano v.Marche ®  Milano Lambrate
. { @ Milano v.Feltre
Milano v:Rossellini @ ‘Milano v.Confalonieri

® Milano P.zza Z;avanan @ Milano v.Juvara

Milano v.Brera

0 25 5 7.5 10 km
| EEEE—— I

Figurel:[ 20l A2y 27F | wt ! Qa (éxBdctédand eitedifiorh D.2122aU Ay aAiAfl y
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‘® Milano v.Feltre ® Milano v.Juvara ® Milano v.Marche ® Milano v.Rosellini ® Segrate Milano Due

50 m—

Figure2Y [ 20l GA2y | yR O2y(SEG adNNRdzyRAy3a 2F ! wt! Q& 6SIHGKSNI

Station Sensor code Type of sensor
Milano Lambrate
2006 Precipitation
2001 Temperature
2002 Relative humidity
2008 Global radiation
14391 Wind speed
14390 Wind direction
Milano Niguarda
3118 Hydrometric level
Milano P.zza Zavattari
5920 Temperature
19005 Wind speed
19006 Wind direction
6185 Relative humidity
9341 Precipitation
Milano v. Brera
19008 Wind speed
19374 Global radiation
5897 Temperature
19373 Precipitation
19009 Wind direction
6174 Relative humidity
Milano Confalonieri
8149 Precipitation
Milano v. Feltre
8125 Hydrometric level
8162 Temperature
Milano v. Juvara
19244 Wind direction
5908 Precipitation
19243 Wind speed
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5909 Temperature

6179 Relative humidity

6458 Global radiation
Milano v. Marche

6597 Relative humidity

19020 Wind speed

5911 Temperature

19021 Wind direction
Milano v. Rosellini

14121 Precipitation
Segrate Milano Due

2064 Relative humidity

2065 Precipitation

2063 Temperature

Tablel: ARPA stations in Milano, hosted sensor tgaelingparameter(extracted from D.2.1.2).

Thermal stress degree

>38 >32 >26 26-9 <9 <0 <-13

UTCl value

Figure3: UTCHegree of thermal stiss legend

Therefore, only these stations were assessed forhaviniNaS t A YA Y I NB O NRBIFR 1y26f SR:
stress distribution. Initially, all the parameters have been analyssghratey and plotted as done in

a0 + —— M. Lambrate
M. P.zza Zav.
—— M. v. Brera
—— M. v. Marche
~— M.v.)uvara

Temperature [*C]

d 1

. .
Jan Jan Jan
2017 2018 2019

data

Figure4 and Figure5 for air temperature,at an hourlyaverageand dailyaveragetime-step. Then, thermal
percepion of people has been estimated, based on an average human body, as a combination of
temperature, humidityandwind speed using the definition of Universal Thermal Climate Index ({Br&de

et al. 2009)Figure3).
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1.2 Insights o potential thermal sensatiorperceived by inhabitants
This section describes the potential thermal sensation perceived by inhabitants, according to the weather

parameters, retrieved and analyzed thanks to available data fromfittee selectedweather stations in
Milano.

a. Air temperature
In

—— M. Lambrate
M. P.zza Zav.
—— M. v.Brera
—— M. v. Marche
—— M. v. Juvara

N
[=]
T

Temperature [*C]

s
(=]

g

Jan
2017

Ja‘n

L
Jan
2018

2019
data

Figured4, all weather stationsin the period January 20X/December 201%eem to havealisplayed a rather
similar trend, except fopunctuallower temperature valuedHowever,it is noted thatthere is a slightlyider
air temperature valueshift on Milano Lambrateand M. P.zza Zavattastation (i.e. Higher and lower air
temperature values recorded]he samean be stated for the analysigpresented inFigure5, despite the
granularity is differentl{fourly average vs daily average temperafure
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Figure4: Hourly average of atemperaturereadings for selectedieather stations. Dotted lines demadnkat stresghresholds for

warm and cold stettings according to the UTCI deifnifgband 26 °C)
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Figure5: Daily average of atemperature readings for selected weather stations. Dotted lines demark heat stress thresholds for

warm and old stettings according to the UTCI deifnition (9 and 26 °C).

Moreover, inFigure6 it is noted that for most of the readings, the air temperatures are within the comfort
threshold limits (926°C).However, more than one quarter of the registered data retrieved from the
consdered sensors, are below the lower comfort threshdldis values arall referred to winter season and

will not be further consideredrigure4 and Figureb).
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The values above thepper thresholdepresent 14; 16 % of théime andare always present on the summer
season(Figure6). These risk condition will prevail onlyrdlative humidity, wind speed and radiation are
neglected. These factors mighlleviate (in case of high windspeed) or deteriorate the thermalsstrento
a higherUTCI levelRigure3), therefore thefollowinganalysisare highly relevant

For a greater understandingjgure7 has been elaboratedffering a further representation of the hourly
average temperatures, during the day (x axis), from 2016 to 2018. Dark red bars represent missing data.
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58.6%

(e) V.Juvara
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Figure6: Hourly averaged temperature frequendigtribution according to the threshold limits se€(9-26 °C¥or everyselected

weather station.

Via Zavattari - 1092 giorni

Lambrate - 1096 giorni

Viale Marche - 1096 giorni

Via Juvara - 1093 giorni

Via Feltre - 1096 giorno
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Figure7: Hourly average temperature from 2016 to 2018 for the weather stations.
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b. Precipitation and relative humidity

Figure8 and Figure9 present the historical data on precipitation recorded by the selected weather stations
from 2017 to 2019. The charts show that the winter seasdn general the period of the year when the
precipitatiors arefrequent, but the quantity of waterread islessabundant. Thiss confirmed bat by the
hourly averagedata (Figure8) and by the daily average historic dakgure9), showinglarge peaksof mm

of rainfar from January

—— M. Lambrate
0 M. P.zza Zav.
—— M. v. Brera
—— M. v. Juvara
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Figure8: Hourly average gfrecipitationreadings for selected weather stations.
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Figure9: Daily average of precipitatioreadings for selected weather stations.
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Nevertheless, the district data of the Relative Humidity (RH) registered for the considered weather centrals,
show a counter tendency compared to tlpeecipitation historic dataThe RH valuesincreaseduring the

winter season, due to theffects ofdecreasing temperature@requent rainand less water vapor carrying
capacity. This trend is confirmed kthe trend displayed ifrigurel0 andFigurellrepresenting respectively

the RHhourly and dailyaverage
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—— M. v. Brera
—— M. v. Marche
—— M. V. Juvara

FigurelQ: Hourly average of relative humiditgadings for selected weather stations. Dotted lines demark lower and upper
thresholds for humid and dry stettin¢gasccording to indoocomfortdeifnition (ENISQ7730 2005).
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Figurell: Daily average of relative humiditgadings for selected weather stations. Dotted lines demark laweupper
thresholds for humid and dry stettin¢mccording to indoocomfortdeifnition (ENISG7730 2005)
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Figurel2 showsthat 3 out ofthe 5 considered weather statiomeported more frequently valuesvithin the
comfort thresholds, Lambrate and Piazza Zavattari statiecardedinsteadrather humid conditiongi.e. RH

above 70%)

Threshold
N Below
mmm Above
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43.5%

(@) Lambrate

Threshold
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56.6%

(c) V.Brera

(e) V.Juvara
Figurel2: Hourly averagedelative humidityfrequencydistribution according to the threshold limits see(30-70 %) for every

selected weather station.
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There stations are located in two different urban areagherperipheralfor Lambrate andanore central
for Piazza Zavadti. Not revealing at ajlancea possible correlation between the location of the sensors
and the HR frequency values more detaileccomparison can be donghen considering the built
environment characteristics surrounding the station.

c. Windvelocity
Figurel3, Figurel4, Figurel5 represent historic data on wind velocity from 2016 to 20ERurel4, Figure
15represent also the comfort threshold for inhabitan@bserving these representations, it is clear that the
wind velocity increases during $pg and summer months, while decreasing during winter. This toeutd
alsobeNB a L2y aArof S F2N KA JckrSavdraiorSadrBd winteg antrbdliced ingBxroré. dzi | y
L'origine riferimento non e stata trovataandextensively described in the D2.2.2.

Lambrate - 1085 giorni Via Rossellini- 1085 giorni | Piazza Zavattarj - 1057 Via Juvara - 1081 giorni Via Brera - 885 giorni
giorni
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Figurel3: Hourly average rainfall mm from 2016 to 2018 for the weather stations.
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Figurel4: Hourly averagavind velocityreadings for selected weather stations. Dotted lines dertteg? m/s thresholdswvhich
mainly accounts for low ventilated spaceasgording to indoor conditiomeview(ENISQ7730 2005)

—— M. Lambrate
6 - M. P.zza Zav.
—— M. v. Brera
—— M. v. Marche
—— M. v. Juvara
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Figurel5: Daly average of wind velocitgadings for selected weather stations. Dotted lines demark the 2 m/s thresholds which
mainly accounts for low ventilated spaces; according to indoor condiwesv(ENISG7730 2005)

However, these values seldom exceed the comfort threshold as representeigiune16. Among the 5
selecedweather stationsv. Breraandv. Juvaraarereporting more value®elowthe thresholdfor the 2017-
2019period. These could be related to the fact thitiey NB Of 2 & S Mowit@wn (déaSer afeas) @ Q &
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90.5%
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(&) Lambrate (b) P.zza Zavattari
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Em Below
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80.2%

70.8%

(c) V.Brera (d) V.Marche

Threshold
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Above

71.4%

(e) V.Juvara
Figurel6: Hourly averageavind velocityfrequencydistribution according to the threshold limit s&t usefuli.e.2 m/s) for every
selected weather station.

The fact thathe station reporting the least frequent values above the threshold is highertt@i@0% of
the timeis optimistic to reducehe potential risk at high air temperatures.
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d. Global horizontal radiation
For the solar radiatioythe same types of analyses already described for the previous historic data have been
accomplished for the period 2012019.However in this case, a set of three (i | (i Serssgfsih@e been
considered: thosef Lambrate via Breraand Viale JuvargFigurel?, Figurel8, Figurel9).

—— M. Lambrate
M. v. Brera
—— M. v. Juvara

Glob. Radiation [W/m2]

L

0

Jan Ja‘ﬂ Jan
2017 2018 2019
data
Figurel7: Hourly average djlobal horizontal radiatiomeadings for selected weather statiowith available data Dotted lines
demark300W/ m? threshold whichrepresens a significant warmer temperaturperceptiorwhenstricken(Lyons et al. 2000;
Cheng and Ng 2006)
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Figurel8: Daly average of global horizontal radiatioeadings for selected weather stations with available data. Dotted lines
demark300 W/n¥ threshold whichrepresens a significant warmer temperatungerceptiorwhenstricken(Lyons et al. 2000;
Cheng and Ng 2006)

Alsq in this casethe intensity trend follows the seasons, increasing during spring and reaching the peak
values in summethen decreasing in autumn and reaching the minimum values in winter. Values recorded
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by the three sensors are very similar during all the considpextbd (20172019) except for the Lambrate
sensor, registering during summer 2018 a very high value. this is probably an outlier value, due to a sensor
failure.

Figure 19 represens the frequencies of registered values above and below the comfort threshold. The
threshold of300 W/n? is never exceeded more than omgarter of times in the considered period.

Threshold
N Below
Above

Threshold
N Below
Above

T1.2% 77.7%

(&) Lambrate (b) V. Brera

Threshold
N Below
Above

T1.7%

(c) V.Juvara
Figurel9: Hourly averagetiorizontal global solaradiationfrequencydistribution according to the threshold limit segsignificant
for temperatureperceptionincrease(i.e. 300 W/ m?) for every selected weather statioR.zza Zavattaand V. Marche have been
excluded as they do not have the sensor for monitoring this parameter.

The hourly average radiation has been also represent&ibure20, allowing a comparison among the three
active sensors. Dark red bars represent missing values for the specifithdaglata of some sensors seems
to be not very reliableMoreover, 201datafor all the three sensorsare completely unreliable, therefore
they have not been considered.
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Figure20: Hourly average radiation from 2016 to 2018 for the weather stations.
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e. Variations related to the built environment
Analyses in termof the presence of green areas and density of the BE, presented in previous reports, allow
makingsome insight®n the data detected by the considered weather sensArsummary of thérequency
of readings of disadvantageous conditidor eachweather g¢ation has been presented ifiable2. That is,
temperaturesand radiationabove the thresholdrelative humidity outside the comfort rangand wind
speed below the threhold.

For instance recalling the results fothe weather stations olambrate,P.zza Zavattarand v. Marche
reporting low frequency of air temperatures above the threshiblely are all either in an area bfgh green

area coverage (i.d.ambrate seeFigurel and Figure21) or close toa rather lowdensity space which might
have features that not favor heat entrapme(ite., P.zza Zavattarand v. Marche,seeFigurel and Figure

22). On the other handy. Brerareported a lower frequency of high temperatures as wehjle immersed in

a dense areghis could be achieved perhaps by geometrical properties that favor wind flow as the frequency
of hours above 2 m/& the highest.

The case of. Juvaras rather interesting, given thathen analyzingrigurel, Figure21 andFigure22it is an
area of low green area coverage and high dengitd still has the most recurrent air temperature above
threshold condition. This occurs even when the wind veldsigonsiderably frequent above 2 m/s (i28.6

% of the time). Therefore, it has been assumed thate are particulafeatures of the built environment
that have restricted théneat management process.

Legend

Meteo stations

Green surface coverage[rsqmj
[128031-212359
[1212359-396686
™Y M10 396686 581013
1581013765341
[] 765341 949668
[ 949668 - 1133996
B 1133996-1318323
B 1318323-1502651
Bl 1502651-1686978
Bl 1686978 - 1871305

5 7.5 10 km

Figure21l: Total green areas coverage parcal Idetity Unit (NILfrom theacronym in Italianfextractedand editedfrom D.2.1.2).
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Legend

@® Meteo stations

Total volume cbm;
(1160644 2338216
(12338216-4515788
M10 — 4515788 6693360
] 6693360_8870932
(] 8870932 11048504
[ 11048504 - 13226076
I 13226076 -15403648
B 15403648 17581220
B 17581220-19758792
Bl 19758792 21936364

5 7.5 10 km
Figure22: Total built volume in theocal Identity Unifextractedand editedfrom D.2.1.2)
BE condition Disadvantageous frequencfo]
ion reen . Air Relativ Win o
Statio Gree Density € a_t e d. Radiation
coverage temperature  humidity velocity
M. Lambrate VeryHigh Avg. / low 14.1 565 15.1 77.2
M. P.zza Zavattari Low Low 14.3 524 9.5
M. v. Marche Low Avg. / low 14.1 41.0 19.8
M. v. Juvara Low Very High 15.9 40.9 28.6 77.7
M. v. Brera Low High 14.2 43.3 29.2 77.7

Table2: Summanpof the conditions of the screened weather stations around the city of Milan.

2. Implications onthe selected areain CittaSudi
The station ofMilano v. Juvards the closest to thecase studyarea (in the Citta Studi neighborhood)
describedn D2.1.1 This neighborhoot$ characterized by o green area coverage and very higfadensity.
In addition,the Milano v. Juvarastation reports the worst condition for air temperature above 2Gi@.
15.9% of hours during theperiod of 20172019, combined with the secontighest frequency of
disadvantageous wind velocity conditiofig. 28.6% of hourduringthe period 0f2017-2019.

These characteristics play an important role to highlight the significance of the delineayedegion
However these values might be biased or skewed depending ondbation of the weather station. In fact,

solar radiation isneasured unbstructed,wind speed normally is measured at 10 m height, nearby water

bodies might modify thair humidity content and temperature.
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In this particular locatioffurther studies were performedjetermining thedistribution frequency of values
in the prevous3 years (to provide an overview of the probability of occurrenddjs allows tscale down
the analysedo the area we are assessing, thus, to start analyzing in depth what is going on and what the
subsequent measurements would do.

2.1 Distribution frequency function
This analysis allows tovestigatehow the temperature values are distributed iemperature range bins
along theperiod of analysisAlso, itcan be splitnto seasons so to havenauchit function, enablinghigher
detail asincreasing temperatureSLODs clearly more frequent during summe¥igure4 and Figure5) and,
depending on the pollutant, thair pollutionSLOLZan becritical in both seasonbut, the weather conditions
will represent a relief or atressor for the SLOD itself.

a. Air temperature
The analyses show Figure23, Figure24 and Figure25 represent the frequencies of the values detected by
the v. Juvaraweather station in the period 2018019. Figure23 represent the whole historic dataset,
revealng mainly three peaks corresponding to the winter, summer seasons and to spring and autumn
seasons when the temperatures are comparable

In order to better represent the data, the same analysis has been accomplished selecting only data related
to the winter (Figure24) and summer(Figure25) seasonin the period 2016019.This revealed a peak for

the winter seasometween 510°C and a minor one around 15°C. For the summer setmomost frequent
detected temperature is arouh25°C and the average is 22.5T0ese values, despite being within the
comfort thresholds 926°C, they are next to the discomfort condition as representdegare3.

e All data

Avg. = 16.1 °C, Std. = 8.63 °C
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Figure23: Temperature probability distribution function of air temperature values from 2016 to. 20¢Blightingvalue average
and standard deviation.

Pag.22| 33



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

Grant number: 2017LR75XK

0.08 1 e Winter data

0.07

Avg. = 9.57 °C, Std. = 5.33 °C

0.06

0.05 4

0.04 -

0.03 -

Probability density function

0.02

0.01 4

10 15 30
Temperature [°C]

Figure24: Temperature probability distribution function of air temperature values fiteawinter season fron2016 to 2019.
Highlighting value average and standard deviation.
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Figure25: Temperature probability distribution function af &emperature values frorthe summer season from 2016 to 2019.
Highlighting value average and standard deviation.

Pag.23| 33



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

Grant number: 2017LR75XK

b. Relative humidity
The same type pf analyses have been accomplished for the RH detected for the perie2D2918y thev.
Juvaraweather station.

e All data
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Figure26: Relative humidity probability distribution function for values from 2016 to 20iglighting value average and standard
deviation.
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Figure27: Relative humidity probability distribution function feinter seasorvalues from 2016 to 201#®ighlighting value
average and standard deviation.

Pag.24| 33



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

Grant number: 2017LR75XK

e summer data

0.025

Avg. = 55.07 %, Std. = 17.17 %

0.020

o
o
=
w

o
o
=
o

Probability density function

0.005

0.000 -
60

Relative humidity [%]

Figure28: Relative humidity probability distribution function &rmmer season values from 2016 to 20H8ghlighting value
average and standard deviation.

The results of the comprehensive analysis on the whole dataset is represeiftigaiie26, while the insights

for the winter Figure27) and summerKigure28) seasons have been carried out on a subset of the whole
available data. These analyses demonstrate that the average value during winter is at the upper threshold of
the indoor comfort conditio (3070%), despite this is an average value. The peak of the PDF is around
HR=90%.

It must be noted that also for winter the conditions are maal, having a average of ~55% and a standard
deviation of 47%(Figure28), which means that by a considerable time, the arelaar¢ing arather humid
air. This might be worsening the temperature perception of the peadpl¢he zone. Summer might be
characterzedasrather warm and humid

c. Wind velocity
The same analyses carried out for thend velocity showhigher values inthe summer season and similar
PDF for valueegistered by the sensor, calculatr the whole dataset and only for the winter valuggure
29 and Figure30. However, the PDF for the summer season has a different shape and therefore, presents a
different distribution of the detected valuetn summer the average value is closer to the comfort threshold
of 2m/s.

Meaning that the wad might help alleviate the previously mentioned conditions of warm and humid by
introducing a rather frequenbreeze.
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Figure29: Wind speed probability distribution function for values from 2016 to 2019. Highlighting arsduage and standard

deviation.
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Figure30: Wind speed probability distribution function for winter season values from 2016 toRR@t8ighting value average and

standard deviation.
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Figure31: Wind sed probability distribution function for summer season values from 2016 to Bigiflighting value average
and standard deviation.

d. Incident radiation
PDFs for thénorizontal global solar radiation calculated for the whole dataset and the selected veinter
summer data varies remarkab(figure32, Figure33 and Figure34). However,average valuesr the three
charts are never above the comfort thresh@d0 Wm?2.
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Figure32: Probability distribution function of the Horizontal global solar radiation, considering values from 2016 to 2019.
Highlighting value average and standard deviation.
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Figure33: Probability distribution function of the Horizontal global solar radiation, considesiimgr seasorvalues from 2016 to
2019. Highlighting value average and standard deviation.
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Figure34: Probabiliy distribution function of the Horizontal global solar radiation, considering winter season values from 2016 to
2019. Highlighting value average and standard deviation.

In particular these analyses show that for winter there are very small quantitiesaiéptial solar gains to
reduce theneed for heating. And, that the variancesaflar radiation is rather high given such large standard
deviation values. This could be a resulclifudiness (sky coverage), which unfortunately was not reported
by any of tle weather stations to use a®rroboration.
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2.2 Inhabitants thermal sensation

Thereare few indexes dedicated tmtegratingfew of the weather parameters to understand the proper
sensation of people outdoors. However, most of them require rathaensive irsitu survey that feed the

model with several measured quantitieBortunately,indexessuch as thdJTCI required rather common
parameters to establish a preliminary analydisicK S LISRSaGNA | yQa aSyaldArizy 27

As there is verfimited information on how the occupant is exposed to radiation, and what are the surface
temperatures of the area surrounding the weather stationvofluvarathe mean radiant temperature has
been assumed asqual to air temperature.

However, before usinghe calculated UTCI values, an even more preliminary analysis was performed to
acknowledge the overlap of undesirable conditions.

a. Confluence of risk conditions
As the risk of a higtemperature perception will only be valid, an analysis was performedtiiitdata from
v. Juvaraveather station for the year of 20190 study the confluence or eoccurrence of disadvantageous
conditions in terms of temperature, relative humidity, wind speed and solar radiation a sBoplean and
weighting analysis was performed.

That is, for every hour of the year the condition of egainameter was verified, and $b,this was allocated
with a certainrisk weight according to their influencen thermal stressand all the weights were summed
for every single hour of the yeadFor instance, ahe temperature is perhaps the most relevigparameter it
was given a weight @f.4when it was above 26%¢hen, solar radiation wagiven a value of 0.3 when it went
above 300 W/r; and wind speed and relative humidity were given a weight of 8ddh ifthe wind speed
was below 2 m/s and RH waatside the 3670% range.
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Figure35: Degree of riskrom values monitored in 2019 at M. v. Juvabmsed onthe confluence of disadvantageous weather
conditions, related to the SLOD of increasing temperatures. Every parameteedmagiven a weight: 0.4 for temperatare26 °C <
18 havebeen set as0.4); 0.3for radiation > 300 W/rfj 0.15 forwind speed < 2 m/s; an@,15 for relative humidity > 70% or < 30%.
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In brief, if the sum of risk weights reached 1 for that particular hour of the year, all undesirable conditions

were met simultaneously (highest risk). Results have been plottEdjure35.

FromFigure35, it can be noted that although summer has a concentration of most of thea@kgitions in
some days olvinter/mid-season(e.g.day 55 Febwuary) somevery warm perception could be achieved. Also

it is worrying thatduring summereven in very late or early hours of the day, when the sun might not be
above the horizon, risky conditions prevail

b. UTCI
Following thecalculation methodology described Byode et al(2009) the values for UTCI were computed
and plotted for a single year using data coming fromuhéuvaraveather station Thesevalues were plotted
in Figure36, giving a color equal to thesk categories established and preciously presenteBigure3.

The resuk for UTCI ifrigure36 at glance, resemble the values presentedrigure35; however, as the UTCI
did not consider solar radiation (mean radiant temperaturgrtemperature) it is reasonable that the risky
situations identified during winter/spring or winter/autummith the previous analysis did not arise.

Moreover, thehigh notorious risk at early and late hours during summer represents a huge risk in terms of
increasing temperatureSLOD That is because of a constant thermal stréssvhich people are being
subjectedwhichcan generate an increase in ntality, especially in vulnerable peopléackson et al. 2010;
Gasparrini et al. 2015)

The issue ofulnerable population will be later assessed in Deliverable D2.2.5.

Figure36: Degree ofThermalstress expressed in UTCI, basety amthe values for 2019 from M. v. Juvaséair temperature
(assumed equal to meaadiant temperature), relative humidity and wind speed
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