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Executive summary 

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

ÔÈÅ !ÔÈÅÎÓȭ -ÕÎÉÃÉÐÁÌÉÔÙ ÏÆ 0ÅÒÉÓÔÅÒÉȟ ÂÙ ÁÎÁÌÙÓÉÎÇ ÄÁÔÁ ÆÒÏÍ Á ÎÕÍÂÅÒ ÏÆ ×ÅÁÔÈÅÒ ÓÔÁÔÉÏÎÓ ÌÏÃÁÔÅÄ ÉÎ 

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. 

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. 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 areas, open 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 (May-September 2020) during which daily maximum temperatures 

frequently exceed 34°C. For the available dataset from 2020, there were identified four distinctive 

heat events, during which daily average Tmax from all stations exceeded the threshold of 34oC for 

three consecutive days or more. 

The analysis of the data shows that Station 2 (Alsos) exhibits significantly lower daily average 

temperatures (-1°C approx.) compared to the average, during all heat events. A lower daily average 

value is also notable for Station 6 (Piladi). 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 regards daily maximum air temperatures, it is observed a higher degree of variation between 

stations during all heat events. Tmax in Station 2 (Alsos) is consistently 1-1.5°C lower than the 

average of all stations, with the difference being higher during extremely hot conditions (average 

Tmax > 37°C). Concerning daily 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 day for example, at Stations 1 (Dimarhio) and 2 (Alsos) where it is consistently 

lower (<1-1.5) than the average of all stations 

Finally, from the absolute daily differences from average values of Tmax, daily HUMIDEX max and 

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

ɉ!ÌÓÏÓɊ ÐÒÅÓÅÎÔ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÏÆ Á ȰÃÏÏÌ ÓÐÏÔȱ ÈÁÖÉÎÇ ÓÉÇÎÉÆÉÃÁÎÔÌÙ ÌÏ×ÅÒ 4ÍÁØ ɉÂÙ ÁÓ ÍÕÃÈ ÁÓ -1.5°C 

at Alsos) and HUMIDEX max (by as much as -2 at Alsos) than average. On the other end, Station 4 

ɉ+ÒÙÓÔÁÌÌÉɊ ÃÁÎ ÂÅ ÄÅÓÃÒÉÂÅÄ ÁÓ Á ÌÏÃÁÌ ȰÈÏÔ ÓÐÏÔȱ ÈÁÖÉÎÇ ÃÏÎÓÉÓÔÅÎÔÌÙ ÈÉÇÈÅÒ 4ÍÁØ ɉÂÙ ÁÓ ÍÕÃÈ ÁÓ 

+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, large scale 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 underlying surface 

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 that cities 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 

landscape. 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 

ÃÒÅÁÔÉÎÇ Á ȰÍÉÃÒÏÃÌÉÍÁÔÅȱȢ /ÔÈÅÒ ÃÏÎÔÒÉÂÕÔÉÎÇ ÆÁÃÔÏÒÓ ÔÏ ÔÈÅ 5HI effect include: 

¶ Size and shape of urban structuresɂaerodynamically, 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 trap heat inside them. 

¶ Urban desertsɂlarge 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. 

¶ Anthropogenic emissions ɀ The release 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 comes into 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 well-documented 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. 

4ÈÅ 5() ÅÆÆÅÃÔ ÉÓ ÉÎÔÅÎÓÅ ÄÕÅ ÔÈÅ ÃÉÔÙȭÓ ÓÉÚÅȟ ÔÈÅ ÄÅÎÓÅ ×ÁÙ ÔÈÁÔ ÉÔ ÉÓ ÃÏÎÓÔÒÕÃÔÅÄȟ ÈÉÇÈ ÉÎÃÉÄÅÎÔ ÓÏÌÁÒ 

radiation, and the almost complete lack of natural vegetation. Athens has been experiencing 

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

since the mid-1970s, attributable to both global warming and growing urbanization [4]. Heat waves 

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

strongly increases the thermal risk and vulnerability for urban residents.  

4ÈÅ ÐÒÅÓÅÎÔ ÓÔÕÄÙ ÁÉÍÓ ÔÏ ÐÒÏÖÉÄÅ ÁÄÄÉÔÉÏÎÁÌ ÉÎÆÏÒÍÁÔÉÏÎ ÁÂÏÕÔ ÔÈÅ 5() ÅÆÆÅÃÔ ÉÎ ÔÈÅ !ÔÈÅÎÓȭ 

Municipality of Peristeri, by 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 PERISTERI ɀ 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, which can be conveyed in 

real-time to residents and visitors through billboards displaying the alert level and cooler spots. 

Sensors of air temperature (Tair) and relative humidity (RH) were installed at eleven (11) sites 

throughout the municipality, covering a wide range 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 

equipped with 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 real-time data transmission to a central IT hub which is 

ÃÏÎÎÅÃÔÅÄ ÔÏ ÔÈÅ -ÕÎÉÃÉÐÁÌÉÔÙȭÓ ÎÅÔ×ÏÒËȢ 3ÔÁÔÉÏÎÓ ×ÅÒÅ ÉÎÓÔÁÌÌÅÄ ÄÕÒÉÎÇ *ÁÎÕÁÒÙ ΨΦΨ0, and data 

became available from February 2020 in most of them, with a time-step of 10 min.  

Heat stress and UHI effects are predominant during the summer months in Peristeri and therefore a 

period of 5 months was selected (May-September 2020) during which daily maximum temperatures 

frequently exceed 34 °C. In this period, two out of the eleven stations (Esperidon and Agios Antonios) 

had missing data, therefore they were excluded from the UHI analysis, however, the data from two 

meteo network stations [5] located in the wider area of the municipality were also used for the UHI 

mapping. The geographic location and characteristics of each station are presented in Table 1. Photos 

of the selected spots and location maps for municipality stations can be found in the below Figures. 

4ÁÂÌÅ Χȡ 3ÔÁÔÉÏÎÓȭ ÌÏÃÁÔÉÏÎÓ ÁÎÄ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. Station  Lon Lat Altitude  Type 

1 Dimarhio (City 
Hall) 

23.695 38.013 58 m Open Space 

2 Alsos (Municipal 
Park) 

23.686 38.017 40 m Park 

3 Kennedy Arahovis 23.680 38.008 66 m Road/Open 
Space 

4 Kristalli 23.696 38.000 60 m 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 55 m ɛuilding roof 

11 Petroupoli (meteo) 23.671 30.037 223 m ɛuilding roof 
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1. Dimarhio (City Hall) 

   

 
 

2. Alsos (Peristeri Municipal Park) 

   
 
 

3. Kennedy & Arahovis  
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4. Kristalli 

   
 
 

5. Hanion 

   
 
 

6. Piladi 
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7.   Piiton Sq. 

   
 
 

8. Ploutarchou  

   
 
 

9. Zoumi Sq. 
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Figure 2-1: Average air temperature and HUMIDEX from all stations for the study period. 

 

Temperature and RH data from the eleven stations were analysed and daily Tmax and Tmin values, 

as well as the HUMIDEX index were calculated for each station. The HUMIDEX is an index number 

that describes how hot the weather feels to the average person, by combining the effect of heat and 

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

 

Table 2: Heat events examined and corresponding average daily Tmax 

Heat Event Day Avg Daily Tmax (oC) 

H1 

16-May 36.7 

17-May 37.6 

18-May 34.6 

H2 

29-Jun 34.8 

30-Jun 35.6 

01-Jul 36.6 

02-Jul 36.2 

03-Jul 35.8 

04-Jul 35.7 

05-Jul 34.2 

H3 

27-Jul 34.8 

28-Jul 34.5 

29-Jul 35.8 

30-Jul 36.8 

31-Jul 38.3 

01-Aug 38.5 
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02-Aug 34.3 

H4 

28-Aug 34.8 

29-Aug 35.6 

30-Aug 34.1 

31-Aug 37.7 

01-Sep 35.3 

02-Sep 34.9 

03-Sep 34.1 

 

After reviewing the data, we identified four distinctive heat events (H1 to H4), during which daily 

average Tmax from all stations exceeded the threshold of 34oC for three consecutive days or more 

(Fig. 2-1), resulting in a total 24 days as listed in Table 2. As the four heat events are evenly spread 

throughout the summer period, and the stations have a good spatial coverage (Fig. 2-2), we expect 

that the analysis will provide a good representation of the UHI effect by identifying hot and cool spots 

within the municipality of Peristeri. 

 

 
Figure 2-2: Map of Peristeri Municipality showing the locations of the eleven stations used in the UHI mapping. 
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3 MAPPING OF THE URBAN HEAT ISLAND (UHI) EFFECT 

IN PERISTERI ɀ STATION DATA ANANALYSIS 

The UHI magnitude was calculated during the four heat events (H1-H4) at all stations. Fig. 3-1 depicts 

daily average air temperatures at the nine municipality stations during each heat event. As can be 

seen in the figure, Station 2 (Alsos) exhibits significantly lower daily average temperatures (-1°C 

approx.) ÃÏÍÐÁÒÅÄ ÔÏ ÔÈÅ ÁÖÅÒÁÇÅȟ ÄÕÒÉÎÇ ÁÌÌ ÈÅÁÔ ÅÖÅÎÔÓȢ 4ÈÉÓ ÃÁÎ ÂÅ ÁÔÔÒÉÂÕÔÅÄ ÔÏ ÔÈÅ ÓÔÁÔÉÏÎȭÓ 

location inside a park, where the combination 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 slightly warmer.  

  

  
 

Figure 3-1: 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 daily average HUMIDEX, a similar trend is observed (Fig. 3-2) 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 24h-day is higher in Station 4 (Kristalli) for H2 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. 

 

  

  
 

Figure 3-2: 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 temperatures (Fig. 3-3), we note a higher degree of variation 

between stations during all heat events. Tmax in Station 2 (Alsos) is consistently 1-1.5°C lower than 

the average of all stations, with the difference being higher during extremely hot conditions (average 

Tmax > 37°C). A similar trend is observed for Station 1 (Dimarhio), where Tmax is 0.5-1.0°C lower than 

the average, depending on wind conditions, as good air circulation prevents the build-up of extreme 

heat conditions in this location. On the other hand, the highest Tmax values are recorded in Station 

4 (Kristalli), which are consistently about 0.5°C higher than the average, for all heat events except H1. 

 

  

  

Figure 3-3: 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. 3-4 depicts daily maximum HUMIDEX, as derived from Tmax and corresponding relative 

humidity readings at the nine municipality stations. Plots indicate a strong variation between stations 

and clear  differences 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 

(<1-1.5) than the average of all stations, while on the other end, perceived heat stress at Station 4 

(Kristalli) is constantly higher (>1 on average and >2 on some 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, as illustrated in the diagrams, which means that the hottest days are not always the days with 

the highest perceived discomfort due to thermal stress. 

  

  
 

Figure 3-4: Diagrams of daily maximum HUMIDEX 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 values for three parameters are 

illustrated as bar charts. Fig. 3-5 depicts the daily Tmax deviation from average, Fig.3-6 depicts the 

daily HUMIDEX max deviation from average, and Fig. 3-7 depicts the daily Tmin deviation from 

average, for all stations. The first two diagrams confirm the findings of the previous analysis, i.e 

ÄÕÒÉÎÇ ÔÈÅ ÈÏÔÔÅÓÔ ÐÁÒÔ ÏÆ ÔÈÅ ÄÁÙ 3ÔÁÔÉÏÎÓ Χ ɉ$ÉÍÁÒÈÉÏɊ ÁÎÄ Ψ ɉ!ÌÓÏÓɊ ÐÒÅÓÅÎÔ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÏÆ Á ȰÃÏÏÌ 

ÓÐÏÔȱ ÈÁÖÉÎÇ ÓÉÇÎÉÆÉÃÁÎÔÌÙ ÌÏ×ÅÒ 4ÍÁØ ɉÂÙ ÁÓ ÍÕÃÈ ÁÓ -1.5°C at Alsos) and HUMIDEX max (by as much 

as -2 at Alsos) than average. On the other endȟ 3ÔÁÔÉÏÎ Ϊ ɉ+ÒÙÓÔÁÌÌÉɊ ÃÁÎ ÂÅ ÄÅÓÃÒÉÂÅÄ ÁÓ Á ÌÏÃÁÌ ȰÈÏÔ 

ÓÐÏÔȱ ÈÁÖÉÎÇ ÃÏÎÓÉÓÔÅÎÔÌÙ ÈÉÇÈÅÒ 4ÍÁØ ɉÂÙ ÁÓ ÍÕÃÈ ÁÓ Ͻ1.0°C) and HUMIDEX max (by as much as 

ϽΨȢΫɊ ÔÈÁÎ ÁÖÅÒÁÇÅȢ Ȱ-ÉØÅÄȱ ÓÉÇÎÁÌÓ ÁÒÅ ÏÂÓÅÒÖÅÄ ÁÔ ÏÔÈÅÒ ÓÔÁÔÉÏÎÓȢ &ÏÒ ÅØÁÍÐÌÅȟ ÁÌÔÈÏÕÇÈ 4ÍÁØ 

values are lower 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 wind characteristics.  

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 Tmin (by as much as -1.8°C) ÔÈÁÎ ÁÖÅÒÁÇÅȟ ÂÅÈÁÖÉÎÇ ÁÓ Á ȰÃÏÏÌ ÓÐÏÔȱȟ ÔÈÅ ÓÁÍÅ 

is not true for Station 1 (Dimarhio), where Tmin is consistently higher (by as much as +1.5°C) than 

average during all heat events. This can be attributed to the fact that this station is located in an open 

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) and 9 (Zoumi), both having higher Tmin (by as much as +1.0°C) than average. Station 4 

ɉ+ÒÉÓÔÁÌÌÉɊ ÏÎ ÔÈÅ ÃÏÎÔÒÁÒÙ ÃÈÁÎÇÅÓ ÆÒÏÍ ÂÅÉÎÇ Á ȰÈÏÔ ÓÐÏÔȱ ÄÕÒÉÎÇ ÔÈÅ ÄÁÙȟ ÔÏ Á ȰÃÏÏÌ ÓÐÏÔȱ ÄÕÒÉÎÇ 

nighttime, although not on the same magnitude. 
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Figure 3-5: Diagrams of daily maximum temperature deviation from average during H1 (top left), H2 (top right), H3 (bottom left), and H4 (bottom right). 
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Figure 3-6: Diagrams of daily maximum HUMIDEX deviation from average during H1 (top left), H2 (top right), H3 (bottom left), and H4 (bottom right). 
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Figure 3-7: Diagrams of daily minimum temperature deviation from average during H1 (top left), H2 (top right), H3 (bottom left), and H4 (bottom right). 
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4 MAPPING OF THE URBAN HEAT ISLAND (UHI) EFFECT IN 

PERISTERI ɀ UHI MAPS 

Data from all stations (9 municipal and 2 meteo network) were used for UHI mapping within Peristeri 

Municipality. Maps of maximum and minimum temperature are provided for each day of the four heat 

events identifying the hot and cool spots of municipality during day and night respectively. 

4.1 Heat event 1 

4.1.1 Maximum temperature 

 

 

 

 

Day 1: 16/5/2020 
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Day 2: 17/5/2020 

Day 3: 18/5/2020 
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4.1.2 Minimum temperature 

 

 

 

 

Day 1: 16/5/2020 

Day 2: 17/5/2020 
















































