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Executivesummary

The present study aims to provide additional information about the Urban Heat Island (UHI) effect in

OEA | OEAT 66 - O1 EAEPAI EOU 1T &£ 0AOEOOAOER AU AT Al U
different urban surroundings, and investigag relative changes in surface temperatures and

perceived thermal discomfort (HUMIDEX) thus identifying hot and cool spots at the local scale.

The UHI mapping in Peristeri was designed and implemented in such a way, as to provide accurate
information aboutheat stress conditions across different parts of the city. Sensors of air temperature
and relative humidity were installed at eleven (11) sites throughout the municipality, covering a wide
range of urban characteristics, such as densely populated argas) spaces, municipal parks etc.,
where local climatic conditions were expected to show a degree of variation.

Heat stress and UHI effects are predominant during the summer months in Peristeri and therefore a
period of 5 months was selected (M&gptember2020) during which daily maximum temperatures
frequently exceed &C. For theavailable dataset from 2020, there weigentified four distinctive

heat events, during which daily average Tmax from all stations exceeded the threshold@®f&
threeconsewtive days or more

The analysis of the data shows that Station 2 (Alsos) exhibits significantly lower daily average
temperatures {1°Capprox.)compared to the average, during all heat events. A lower daily average
value is also notable for Station 6 @il). All other stations exhibit a narrow spread, with Station 9
(Zoumi) being slightly warmer. With regards to the daily average HUMIDEX, a similar trend is
observed, although the spread of the values is narrower this time, demonstrating a low degree of
variation.

As regardsdaily maximum air temperaturesit is observed a higher degree of variation between
stations during all heat events. Tmax in Station 2 (Alsos) is consistefitlf'C lower than the
average of all stations, with the difference beingghér during extremely hot conditions (average
Tmax > 37C). Concerningdaily maximum HUMIDEX it is indicated a strong variation between
stations and clear differences between certain locations of the perceived heat stress during the
hottest hours of the dy for example, at Stations 1 (Dimarhio) and 2 (Alsos) where it is consistently
lower (<11.5) than the average of all stations

Finally, from the absolute daily differencé®m average values of Tmax, daily HUMIDEX max and

Tmin diagrams it can be observéitat during the hottest part of the day Stations 1 (Dimarhio) and 2

j 1101 6 POAOAT O AEAOAAOAOEOOEAO 1T £ A OAisc Obi O¢
at Alsos) and HUMIDEX mélsy as much as? at Alsos)than average. On the other end, Station 4

j +OUOOAT T EqQ AAT AA AAOGAOEAAA AOG A 11 AAI OEI O OE
+1.0°C) and HUMIDEX max (by as much as +2.5) than average.
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1 DESCRIPTION OF THE UHI EFFECT

In recent decades, largeale urbanization has developed rapidly, resulting in significant changes in
the local and regional environment and climate. Large metropolitan areas induce significant changes
on local air quality and boundary layer meteorology by modifying the underlysgface
characteristics and through the emission of anthropogenic heat and pollutants into the atmosphere.

An urban heat island (UHI) is a metropolitan area which is significantly warmer than its surroundings.
Recent studies worldwide have shown thatie# can have air temperatures up to 6°C warmer than

the surrounding natural land cover [1]. Heat islands form as vegetation is replaced by asphalt,
concrete and other building materials for roads, buildings, and other structures which form an urban
landscae. These surfaces have different physical and thermal properties, which means that they
absorb solar radiation instead of reflecting it, causing the surface and ambient air temperature to rise

1 Size and shape of urban structureaerodynamically, cities have different characteristics
than the surrounding land cover. Tall buildings form a barrier, reducing surface wind speeds,
while urban canyons formed by rows of buildings tregat inside them.

1 Urban desertg large city complexes have little vegetation and are constructed by materials
which are impermeable to rain. This combination leads to a lack of evapotranspiration which
increases sensible heat.

1 Anthropogenic emissiong Therelease of heat from activities such as air conditioning and
the combustion of fossil fuels can also raise urban temperatures. On a typical winter day,
Manhattan releases four times more energy from burning fossil fuels than the amount of
energy that comednto the urban area from the Sun [2]. Also, air pollution can act as a
greenhouse layer when weather conditions are favourable, trapping heat inside urban areas.

The UHI is a wellocumented phenomenon in the city of Athens [3], with studies suggesting a
temperature rise of 4°C on average in the city centre compared to summer background conditions.

4EA 5() AEEAAO EO ET OAT OA AOA OEA AEOUBO OEUAR «
radiation, and the almost complete lack of natural véggon. Athens has been experiencing

increased warming during the last decades, which in summer amounts to approximately +1°C/decade

since the mid1970s, attributable to both global warming and growing urbanization [4]. Heat waves

are nowadays common durinthe summer months, with temperatures reaching 40°C, which

strongly increases the thermal risk and vulnerability for urban residents.

4EA DPOAOGAT O OOOAU AEI O OI bDOi OEAA AAAEOEIT Al E
Municipality of Peristeriby analysing data from a number of weather stations located in different
urban surroundings, and investigating relative changes in surface temperatures and perceived

thermal discomfort (HUMIDEX) thus identifying hot and cool spots at the local scale.
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2 MAPPING OF THE URBAN HEAT ISLAND (UHI) EFFECT

IN PERISTERf METHODOLOGY

The UHI mapping in Peristeri was designed and implemented in

such a way, as to provide accurate

information about heat stress conditions across different parts of the city, whictbeactonveyed in

reaktime to residents and visitors through billboards displaying

the alert level and cooler spots.

Sensors of air temperatureT@in and relative humidity RH were installed at eleven (11) sites
throughout the municipality, covering a wideange of urban characteristics, such as densely
populated areas, open spaces, municipal parks etc., where local climatic conditions were expected to

show a degree of variation. Moreover, the monitoring station in

Dimarhio (City Hall building) was

equippedwith a number of additional sensors (wind speed and direction, rain, surface pressure and

solar radiation), serving as a reference meteorological station.

All stations were equipped with

telemetry capability, which allowed for rediime data transmissiorto a central IT hub which is

ATT1TAAOGAA O1 OEA - O1 EAEDPAI EOUSO 1 Ad0jaocEduta 3 OAOET
became available from February 20 most of them, with a timestep of 10 min.

Heat stress and UHI effects are predominant during summer months in Peristeri and therefore a
period of 5 months was selected (M&gptember 2020) during which daily maximum temperatures
frequently exceed 8°C. In this period, two out of the eleven stations (Esperidon and Agios Antonios)
had missingdata, therefore they were excluded from the UHI analykiswever, the data frontwo
meteo network stationg5] located in thewider area ofthe municipality were also usefibr the UHI
mapping The geographic location and characteristics of each statierpaesented in Table 1. Photos

of the selected spots and location maps founicipality stationscan be found ithe below Figures

4AAT A Xd 30A0EIT OB

1TAAOEIT O AT A AEAC

No. Station Lon Lat  Altitude Type
1 Dimarhio (City = 23.695 38.013 58 m Open Space
Hall)
2 Alsos (Municipal 23.686 38.017 40 m Park
Park)
3 Kennedy Arahovis 23.680 38.008 66 m Road/Open
Space
4 Kristalli 23.696 38.000 60m Open Space
5 Hanion 23.697 38.021 43 m Road/Open
Space
6 Piladi 23.687 38.027 43 m Road/Residential
7 Piiton Square  23.710 38.010 152 m Small Square
8 Ploutarhou 23.675 38.016 103 m Road/Residential
9 Kennedy Zoumi 23.686 38.004 68 m Road/Open
Space
10  Peristeri (meteo) 23.704 38.002 55m e uilding roof
11 Petroupoli (meteo) 23.671 30.037 223m e uilding roof

/4 "\ LIFE URBANPROOF

CLIMATE PROOFING
URBAN MUNICIPALITIES



DELIVERABLE C7: MAPPING OF THE URBAN HEAT ISLAND (UHI) EFFECT Al
SPOTS IN THE MUNICIPALITY OF PERIST

T

i f!iii'\'\\‘f\f‘\f

2\ LIFE URBANPROOF

CLIMATE PROOFING 9
URBAN MUNIGIPALITIES



DELIVERABLE C7: MAPPING OF THE URBAN HEAT ISLAND (UHI) EFFECT Al
SPOTS IN THE MUNICIPALITY OF PERIST

4. ristalli

£4-1.Q
-

)
LIFE URBANPROOF 10

CLIMATE PROOFING
URBAN MUNICIPALITIES



DELIVERABLE C7: MAPPING OF THE URBAN HEAT ISLAND (UHI) EFFECT Al
SPOTS IN THE MUNICIPALITY OF PERIST

7. Piiton S.

2\ LIFE URBANPROOF

CLIMATE PROOFING 11
URBAN MUNICIPALITIES



DELIVERABLE C7: MAPPING OF THE URBAN HEAT ISLAND (UHI) EFFECT Al
SPOTS IN THE MUNICIPALITY OF PERIST

‘ ——AVG Air Temperature ——AVG HUMIDEX
. 0\ m N\
y [\ Al A
LA 1 \JMUM\V VR
N AR PN IVABY VAR NV
VAN nMi |/ VJ(«/\J‘VW\ I
sV PNAN /0 VS \ VA
. ] JN [\
R [/ V
AL/ /
LYY i
A V

Figure2-1: Average air temperature and HUMIDEX from all stations for the study period.

Temperature and RH data from thelevenstations were analysed and daily Tmax and Twatues,
as well as the HUMIDEX index were calculated for each stalioeHUMIDEXs an index number
that describeshow hot the weather feels to the average person, by combining the effect of heat and

humidity, and it is a measure of the perceived diséorndue to thermal stress.

Table 2: Heat events examined and correspondimgrage daily Tmax

Heat Event Day Avg Daily Tmax £C)

16-May 36.7

H1 17-May 37.6
18-May 34.6
29-Jun 34.8
30-Jun 35.6
01-Jul 36.6

H2 02-Jul 36.2
03-Jul 35.8
04-Jul 35.7
05-Jul 34.2
27-Jul 34.8
28-Jul 34.5
29-Jul 35.8

H3
30-Jul 36.8
32-Jul 38.3
01-Aug 385
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02-Aug 34.3

After reviewing thedata, we identifiedfour distinctive heat events (H1 to H4), during which daily
average Tmax from all stations exceeded the threshold45C3forthree consecutive days or more
(Fig.2-1), resulting in a total 24 days as listedTiable 2. As the four heat events are evenly spread
throughout the summer period, and the stations have a good spatial coveflige 22), we expect
that the analysis will provide a good representation of the Bffct by identifying hot and cool spots

within the municipality of Peristeri.
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Figure2-2: Map of Peristeri Municipality showing the Iocatlons céltheenstations used in the UHI mapping
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3 MAPPING OF T URBAN HEAT ISLAND (UHI) EFFECT
IN PERISTER STATION DATA ANANALYSIS

The UHI magnitude was calculated during floar heat events (HH4)at all stations. Fig3-1depicts

daily average air temperaturest the nine municipality stationsduring each heatevent As can be

seen in the figureStation 2 (Alsos) exhibits significantly lower daily average temperatur&3C(
approx)AT I PAOAA OI OEA AOAOACAh AOOEI C All EAAO A0
location inside a park, where tledmbination of vegetation and better air circulation causes lowering

of the ambient temperature. A lower daily average value is also notable for Station 6 (Piladi), except

H1. All other stations exhibit a narrow spread, with Station 9 (Zoumi) being sligfgtmer.

Tmean (°C)
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Figure3-1: Diagrams of daily average air temperature of all stations during H1 (top left), H2 (top right), H3 (bottom left), and
H4 (bottom right).
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With regards to the dailpverage HUMIDEX, a similar trend is observed. &R) although the spread

of the values is narrower this time, demonstrating a low degree of variation. The average perception
of heat stress during the whole 24tay is higher in Station 4 (Kristalli) fBl2 and H3, when average
HUMIDEX values are higher (> 36). On the other hand, Station 2 (Alsos) again exhibits lower values,
although to a lesser extent, indicating that higher moisture content than surrounding areas may be
present during heat events.

Peristeri - Daily average HUMIDEX all stations Peristeri - Daily average HUMIDEX all stations
Heat event H1 Heat event H2
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Piiton ——Ploutarhou Zoumi Piiton ——Ploutarhou Zoumi
= =AVG ALL Stations — —AVG ALL Stations
34 38
P~
=
32 < = 36 4
g g / =
] m© ~
> x
w w
a =
= 30 1 = 34
z 5 / 7
28 32 /
26 30 +
15/05 16/05 17/05 18/05 19/05 29/06 30/06 01/07 02/07 03/07 04/07 05/07
DATE DATE
Peristeri - Daily average HUMIDEX all stations Peristeri - Daily average HUMIDEX all stations
Heat event H3 Heat event H4
= Dimarhio —Alsos —Kennedy = Dimarhio ——Alsos =——Kennedy
——Kristalli ——Hanion —Piladi ——Kristalli ——Hanion ——Piladi
Piiton ~——Ploutarhou Zoumi Piiton ——Ploutarhou Zoumi
— —AVG ALL Stations — —AVG ALL Stations
38 : T 38
36 /[ 36
2 2
& N o — 7
=} = =)
s 34 S 34 -
= =]
I T
32 32 4 /
30 30 1
27/07 28/07 29/07 30/07 31/07 01/08 02/08 28/08 29/08 30/08 31/08 01/09 02/09 03/09
DATE DATE

Figure3-2: Diagrams of daily average HUMIDEX of all stations during H1 (top left), H2 (top right), H3 (bottom left), and H4
(bottom right).
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Moving on to the daily maximum air temperatur¢sg. 3-3),we note a higher degree of variation
between stations during all heat events. Tmax in Station 2 (Alsos) is consistehtflower than

the average of all stations, with the difference beingtnér during extremely hot conditions (average
Tmax > 37C). A similar trend is observed for Station 1 (Dimarhio), where Tmax-is.’.€lower than

the average, depending on wind conditions, as good air circulation prevents the iguitd extreme

heat canditions in this location. On the other hand, the highest Tmax values are recorded in Station
4 (Kristalli), which are consistently about 8Chigher than the average, for all heat events except H1.

Peristeri - Daily max. air temperature all stations Peristeri - Daily max. air temperature all stations
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Figure3-3: Diagrams of daily maximum air temperature of all stations during H1 (top left), H2 (top right), H3 (bottom left), and
H4 (bottom right).
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Fig. 34 depicts dailymaximum HUMIDEX as derived from Tmax and corresponding relative
humidity readings at the ninenunicipalitystations. Plots indicate a strong variation between stations

and cleardifferences between certain locations of the perceived heat stress during the hottest hours
of the day. For example, HUMIDEX max at Stations 1 (Dimarhio) and 2 (Alsos) is consistently lower
(<%1.5) than the average of all stations, while on the other end, perceived heat str&atan 4
(Kristalli)is constantly higher (>1 on average andor2some occasions, e.g. in H2). Station 6 (Piladi)
also exhibits high HUMIDEX values during the hottest hours, particularly during H1 but also for some
days during H2 and H4. It is important to note that HUMIDEX max does not always correlate with
Tmax, adllustrated in the diagrams, which means that the hottest days are not always the days with
the highestperceived discomfort due to thermal stress.
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Figure3-4: Diagrams of daily maximuriUMIDEX of all stations during H1 (top left), H2 (top right), H3 (bottom left), and H4

(bottom right).
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In the following figures, absolute daily differences from average vafoeshree parametersare

illustrated as bar charts. Fig5 depicts the daily Tmax deviation from average, Bi§ depictsthe

daily HUMIDEX maxdeviation from averageand Fig 3-7 depictsthe daily Tmin deviation from

average for all stations The first two diagrams confirm the findings of the previous analyses

AOOET ¢ OEA ET OOAOO PAOO T £#/ OEA AAU 30A0EITO X |8
Obi 06 EAOET ¢ OECIT E £E A Al.®datAlsdsj anddHOMIBDEXAngy gsAuch AO | OA
as-2 at Alsos)than average. On the othereid 3 OAOET 1T | j +OUOOAI T EqQ AAT .
Ob1 06 EAOET ¢ AT 1 OEOOAT Oi1trC Briel GEMIDEX éxAbP asjmiidh asA O 1 O
owsayYyq OEAT AOAOACA8 O- EQAAG OECTI AT O AOA T AGAOOA
values aredwer at Station 6 (Piladi) during all heat events except H1, HUMIDEX max values are
consistently higher. Stations 3 (Kennedy) and 7 (Piiton) also occasionally exhibit higher HUMIDEX

max values, probably attributed to local traffic, air pollution or winduccteristics.

The situation is somehow reversed with respect to daily minimum temperatures (Tmin), and heat

stress characteristics are different at some stations during nighttime. Although Station 2 (Alsos) still

has consistently lower Tmiby as muchs-18°QOEAT AOAOACAh AAEAOQOEIT ¢ AO A
is not true for Station 1 (Dimarhio), where Tmin is consistently higbgras much as +&C)than

average during all heat events. This can be attributed to the fact that this station is lorasgdopen

built area, which during nighttime emits back to the environment radiative heat that has been
absorbed by building materials during the day. The same pattern is also observed at Stations 3
(Kennedy) an® (Zoum), both having higher Tmiifby asmuch as +1.0°Gpan average. Station 4

j +OEOOAIITE iIT OEA AiT1 OOAOU AEAT CAO &EO1TI AAET C
nighttime, although not on the same magnitude.
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DELIVERABLE C7: MAPPING OF THE URBAN HEAT ISLAND (UHI) EFFECT Al

SPOTS IN THEIUNICIPALITY OF PERISTE

Peristeri - Daily Tmax deviation from average all stations
Heat event H1

Peristeri - Daily Tmax deviation from average all stations
Heat event H2
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Figure3-5: Diagrams of daily maximum temperature deviation from average during H1 (top left), H2 (top right), H3 (bottom |gfijttord Hight).
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DELIVERABLE C7: MAPPING OF THE URBAN HEAT ISLAND (UHI) EFFECT Al
SPOTS INHE MUNICIPALITY OF PERISTE

Peristeri - Daily max. HUMIDEX deviation from average Peristeri - Daily max. HUMIDEX deviation from average
Heat event H1 Heat event H2
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Figure3-6: Diagrams of daily maximum HUMIDEX deviation from average during H1 (top left), H2 (top right), H3 (bottom left)ftandrigdht)bo
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DELIVERABLE C7: MAPPING OF THE URBAN HEAT ISLAND (UHI) EFFECT Al
SPOTS INHE MUNICIPALITY OF PERISTE

Peristeri - Daily Tmin deviation from average all stations Peristeri - Daily Tmin deviation from average all stations
Heat event H1 Heat event H2
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Figure3-7: Diagrams of daily minimum temperature deviation from average during H1 (top left), H2 (top right), H3 (bottom Igfbptéord Hght).
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DELIVERABLE C7: MAPPING OF THE URBAN HEAT ISLAND (UHI) EFFECT Al
SPOTS IN THE MUNICIPALITY OF PERIST

4 MAPPING OF THE URBAN HEAT ISLAND (UHI) EFFECT IN
PERISTERY UHI MAPS

Data from all stations (9 municipal and 2 meteo network) were used for UHI mapping within Peristeri
Municipality. Mapsof maximum and minimum temperaturare provided for each day ¢he four heat
eventsidentifying the hot and cool spots of municipalityidng day and night respectively.

4.1 Heat event 1

4.1.1 Maximum temperature

i petroupoli_metes -

i

&\Isos

floutarxou

pimarxio

J(ennedy Araxovis

J(ennedy Zoumi

)
LIFE URBANPROOF 29

CLIMATE PROOFING
URBAN MUNICIPALITIES



DELIVERABLE C7: MAPPING OF THE URBAN HEAT ISLAND (UHI) EFFECT Al
SPOTS INHE MUNICIPALITY OF PERISTE

LIFE URBANPROOF
CLIMATE PROOFING
URBAN MUNIGIPALITES



DELIVERABLE C7: MAPPING OF THE URBAN HEAT ISLAND (UHI) EFFECT Al
SPOTS INHE MUNICIPALITY OF PERISTE

4.1.2 Minimum temperature

Pimarxio

J(ennedy Araxovis

J(ennedy Zoumi

A

\; 5

Day 2: 17/5/2020
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