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Abstract

The ratio of buildings, streets, and other artificially covered areas are increasing in cities. Ferencváros is 
an inner district of Budapest, the capital city of Hungary. For the local government of the district it is 
an important goal in the framework of the urban development planning to increase the proportion of 
vegetation since green areas have a mitigating effect for the urban heat island (UHI) intensity. We car-
ried out an in situ measurement program for air temperature and relative humidity with 24 measuring 
points in Ferencváros, and also completed a green area survey in the renovated part of the district. The 
main aim of this paper is to analyse the daily cycle and the spatial structure of the UHI intensity based 
on air temperature.

Keywords: spatial structure of UHI; daily cycle of UHI intensity; in situ measurements; green area; sum-
mer; autumn

Introduction

Urban climatology is an important research field in 
climatology nowadays, because more than 54% of the 
world’s population live in urban and suburban region 
(United Nations, 2015). This ratio is much higher in 
Europe, and it is about 70% in Hungary (Hungarian 
Central Statistical Office, 2017). Buildings and artifi-
cial covers modify the climatic conditions (including 
energy budget, radiation components and wind con-
ditions) in cities (Marković et al. 2013, Bajšanski et 
al. 2015). The temperature in the urban areas is high-
er than in the surrounding rural areas due to the dif-
ferent albedo values of various surface covers and the 
multiple reflection of radiation by the urban geom-
etry (Oke, 1981). This well-known effect is the urban 
heat island (UHI), and the temperature difference be-
tween the urban and the rural area is defined as the 

UHI intensity (Oke, 1973, 1982). Larger and more pop-
ulous cities show stronger UHI intensities because of 
the more concentrated artificial covers with more ver-
tical surfaces (Landsberg, 1981). 

There are two fundamentally different methods to 
determine the UHI intensity: (1) surface temperature 
data from satellite measurements, and (2) in situ air 
temperature measurements. The major characteris-
tics of UHI (especially the temporal behavior, i.e. in-
tensity during daytime and nighttime) can be differ-
ent depending of the type of data used in the analysis. 
Satellite data are typically used for detailed examina-
tion of larger areas (e.g. Voogt and Oke, 2003; Tran et 
al., 2006; Schwarz et al., 2011). This method is custom-
ary to analyse the surface urban heat island (SUHI) of 
Central European cities (e.g. in Czech Republic: Do-
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brovolný, 2013; Geletič et al. 2019; in Romania: Che-
val and Dumitrescu, 2015; Herbel et al., 2017; in Hun-
gary: Pongrácz et al., 2010). Nevertheless, the first 
studies on UHI are based on air temperature meas-
urements. This more traditional UHI definition has 
been used for decades in urban climatology research 
(e.g. Klysik and Fortuniak, 1999; Beranová and Huth, 
2005; Croitoru et al., 2012; Bokwa et al., 2018). For data 
collection, urban climate measurement networks can 
be constructed and should be maintained (Šećerov et 
al. 2019). Such networks already exist in the Central/
Eastern European region, for example in Novi Sad, 
Serbia (Savić et al., 2013; Šećerov et al., 2015) and in 
Szeged, Hungary (Gál et al., 2016). Another possibili-
ty to air temperature data acquisition is the use of mo-
bile measurements. These data can be recorded with 
an instrumented vehicle (e.g. Leconte et al., 2016) or 
along a pedestrian measurement path (e.g. Tsin et al., 
2016). For instance, Lehnert et al. (2018a, 2018b) com-
pleted mobile measurements with bicycle in two cities 
(Brno and Olomouc) of the Czech Republic. 

After completing thorough analysis and having suf-
ficient information on the UHI of a specific city, deci-
sion makers and local people can act together in order 
to decrease the negative impacts of UHI. For instance, 
the UHI effect created by the built-up environment 
can be mitigated by increasing the vegetation cover 
within the city since vegetation generally cools its vi-
cinity (Takács et al. 2016; Milošević et al. 2017). The 
main reason of this cooling effect is the evapotranspi-
ration, which requires energy from the environment, 
and thus, decrease the heating part of the total emit-
ted energy. The degree of such cooling depends on the 
type and the structure of the vegetation (Yu and Hien, 
2006; Cohen et al., 2012). Recently, more and more lo-
cal governments have recognised the environmental 
and sociological benefits of green areas. An effective 
program associated to this general idea can be identi-
fied in Ferencváros (or District IX), one of the total 23 
districts of Budapest, Hungary. 

Ferencváros is located near the river Danube (Fig-
ure 1), it is a very heterogeneous area, includes the 
southern part of the city centre, residential areas, in-
dustrial region and a railway station. Inner and Cen-
tral Ferencváros (i.e. the northern part of the district) 
are characterised by 3–4 storey old buildings and 
block houses. The local government implemented a 
block rehabilitation program in Central Ferencváros 
(called Rehabilitation zone), where former old block 
houses were demolished and green spaces were creat-
ed inside newly built blocks. In addition, the propor-
tion of vegetation in public areas and parks was also 
increased (Local Government of Ferencváros, 2010; 

Budapest Capital Local Government, 2011). These ef-
forts successfully changed the area, and turned it into 
a highly-valued part of the city. This study aims to an-
alyse the climatic conditions in the current structure 
of the northern part of Ferencváros. For this purpose, 
we have launched a mobile measurement program in 
Inner Ferencváros and the Rehabilitation zone that 
includes in situ air temperature and relative humid-
ity measurements (Pongrácz et al., 2016). These meas-
urements are used to analyse the UHI intensity in the 
target area with the main goal of this paper, namely, 
to examine the temporal and spatial distributions of 
UHI intensity. Our further plan is to investigate the 
relationship between air temperature conditions and 
the ratio of green surfaces and builtup areas, which 
can be based on the results of survey presented in this 
paper.

Figure 1. Location of the studied area (Hungary, Budapest, 
Ferencváros) on Google maps

Source: Google Earth https://earth.google.com/
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Data and methodology

Green surfaces of the studied area
The local government completed several block re-
habilitation programs starting from the 1980s. En-
tire blocks were renovated and modified in the most 
densely built inner part of the district since 1993 in or-
der to create more liveable environment for the citi-
zens. Altogether 220 houses (with ~1300 apartments) 
were demolished and new buildings were built in their 
places, moreover, 49 houses (with ~1050 apartments) 
were renovated by today (Local Government of Fer-
encváros, 2010). In addition to green areas within the 
blocks, parks were also renovated and vegetation was 
planted in public areas. Figure 2 shows how the num-
ber and spatial extension of green surfaces increased 

since the early 1980s. It can be seen well that the fast-
er increase started around 2000, and both the num-
ber and extension of green areas have been sextupled 
since then. 

The students of the Eötvös Loránd University par-
ticipated in completing a survey of the different sur-
face covers within the Rehabilitation Zone during a 
summer campaign in 2019. Four basic types of surface 
cover (i.e. building, other artificial cover, vegetation 
and bare soil) are defined in this part of the study. Stu-
dents determined the area of these types for each topo-

graphical number based on Google Earth satellite im-
agery (https://earth.google.com/) and maps from the 
Hungarian Electronic Public Utility System (https://
www.e-epites.hu/e-kozmu), then, they cross-checked 
the calculated values on the basis of in-situ survey. Af-
ter having the results of this thorough calculation pro-
cess, the total area values of the four basic surface cov-
er types in the individual topographical numbers were 
summed for the blocks within the Rehabilitation Zone. 
Since this part of the study focuses on the differenc-
es between artificial and natural surfaces, Figure  3 
shows the natural surface (vegetation and bare soil) ra-
tio (NSR) of the blocks. Two larger parks of the Re-
habilitation Zone can be clearly recognised with 100% 

green area within the corresponding blocks. In addi-
tion, natural surface cover exceeds 30% in more than 
half of all blocks. In the central and western parts of 
the Rehabilitation zone natural surfaces cover 30–
50% of individual blocks. The map shows greater var-
iation in the eastern part: blocks are either less green 
(NSR<30%) or slightly greener (NSR=50–60%) than in 
the central area. These results confirm that the reinte-
gration of green surfaces into the district is important 
indeed for the local government, and its efforts already 
improved the urban environment.

Figure 2. Increase of green areas in Ferencváros, the district IX of Budapest 
Source: Local Government of Ferencváros, 2010
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Meteorological measurements
An urban measurement program (UMP) was initiat-
ed in Inner Ferencváros and the Rehabilitation zone 
in spring 2015 (Pongrácz et al., 2016) and lasted un-
til autumn 2017. The UMP consisted of mobile meas-
urements (2015–2016) as well as continuous meas-
urements with a frequency of 10 min (2015–2017) at 
selected fixed sites. This study focuses on the analy-
sis of mobile measurements that were performed con-
tinuously for three days in the middle of summer in 
2016, and in autumn for 24 hours starting at 2 pm lo-
cal time (Table 1). Altogether ~850 hours of in situ 
measurements were collected by the students of the 
Eötvös Loránd University, who walked along a pre-
determined measuring route, and measured air tem-
perature and relative humidity at 24 measuring points 
(Figure 4). The measuring points were selected to rep-
resent different built-up ratio values within the tar-
get area. In order to classify these selected measuring 
points, we defined five categories (Table 2) that take 
into account the following three main characteris-

tics: distance from buildings, average traffic and veg-
etation cover (represented by the ratio of vegetation). 
Category A includes two locations with busy traffic 
and little vegetation. Five measuring points are locat-
ed in narrow streets without substantial green areas, 
and they form category B. Category C (with six meas-
uring points) can be considered as a transition be-
tween larger green areas and busy streets. Category D 
includes six measuring points with substantial vege-
tation surrounded by buildings. Finally, five parks be-
long to category E. 

The whole measuring route is divided into two 
parts (Figure 4), the northwestern part in the Rehabil-
itation zone (from 101 to 113) and the southeastern part 
in Inner Ferencváros (from 201 to 213). The students 
walked along these two routes simultaneously start-
ing from 101=201 and ending at 113=213, which lasted 
about 1–1.5 hours. Students met at the last measuring 
point of the two routes (Boráros square, 113=213), wait-
ed until the fellow student(s) arrived from the oth-
er route, and then, the measurements were record-

Figure 3. The current proportion of natural surfaces within each block in the 
Rehabilitation zone based on survey campaign

Table 1. Measurement days and the weather situations (dates highlighted with red are used for further analyses because 
these measurements were completed in anticyclonic periods)

Measurement days 
Large scale weather situation and the highest temperature in the 
synoptic station of Budapest 

4 July (0–24 CEST) anticyclone; clear sky; 27 °C

5 July (0–24 CEST) anticyclone; clear sky; 26 °C

6 July (0–24 CEST)
outer zone of the anticyclone being present in the previous days; partly 
cloudy; 27 °C

22–23 September (14 CEST–14 CEST) anticyclone; sunny day with cumulus clouds; 18–20 °C

29–30 September (14 CEST–14 CEST) anticyclone; clear sky; 23–24 °C

13–14 October (14 CEST–14 CEST) outer zone of an anticyclone; partly cloudy; 11 °C

27–28 October (14 CEST–14 CEST) anticyclone; cloudy around midnight; 10–11 °C

10 November (14 CET–24 CET, measurements were 
stopped due to rain)

outer zone of a midlatitude cyclone; cloudy and later rainy; 4 °C

17–18 November (14 CET–14 CET) outer zone of an anticyclone; cloudy; 3–8 °C
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ed along the same two routes but in reverse order (i.e. 
starting from 113=213, and ending at 101=201). Obvi-
ously, the measurements at the different points were 
recorded at different times, therefore, temporal aver-
aging was needed. For this purpose, we paired two 
subsequent values of air temperature data from a spe-
cific measuring point, and we calculated the averag-
es of all pairs. In addition to calculating these temper-
ature averages, time averages (forming virtual time 
when no real measurement was recorded) were also 
determined, thus assuming a linear temporal behav-
ior of temperature change in the scale of 1–2 hours. As 
a result, the spatial distribution of temperature can be 
determined in the target area for the virtual times. 

The measurements were performed with a portable 
handheld Testo-635 sensor and recorded with a data 

logger connected to it. The accuracy of the temperature 
sensor is ±0.3 °C (Testo 635 - https://www.testo.com/
en/testo-635-1/p/0560-6351). The sensor was placed in a 
shaded area near a height of 2 m, at each measuring 
point. For calculating the UHI intensity, temperature 
measurements were compared to the hourly recorded 
data of the main synoptic station (ID number: 12843) 
of Budapest that is located in the southeastern suburb 
part of Budapest (Synop riports: http://www.ogimet.
com/synops.phtml.en).The UHI intensity is stronger in 
anticyclonic weather conditions, therefore, the results 
are presented for these measurement periods: 4–6 July, 
22–23 September, 29–30 September and 27–28 October 
(Table 1). These days were mostly calm and clear with 
daily maximum temperature of 26–27 °C, 18–20 °C, 23–
24 °C, 10–11 °C, respectively.

Figure 4. Measuring routes 101 to 113 and 201 to 213 with the locations of measuring 
points (built-up ratio category is indicated in parentheses)

201: Ferenc blvd. / Tompa st. (C)
202: Bakáts sq. / Tompa st. (E)
203: Bakáts sq. / Ráday st. (E)
204: Ráday st. 42 (D)
205: Ráday st. / Biblia st. (B)
206: Ráday/Erkel st. (B)
207: Kálvin sq. (A)
208: Lónyay st. / Gönczy st. (C)
209: Vámház blvd., Market Hall (C)
210: Csarnok sq. (D)
211: Building Bálna (C)
212: Nehru Park (E)
213: Boráros sq. (A)

101: Ferenc blvd. / Tompa st. (C)
102: Tompa st. / Liliom st. (D)
103: Liliom st. / Tűzoltó st. (D)
104: Tűzoltó st. / Bokréta st. (B)
105: Vendel st. (D)
106: Ferenc sq. (E)
107: Balázs st. / Thaly st. (B)
108: Univ. Building (D)
109: Kerekerdő Park (E)
110: Márton st./ Gát st. (B)
111: Mester st. /Viola st. (C)
112: Mester st. / Tinódi st. (C)
113: Boráros sq. (A)
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Results and discussion

The present UHI analysis includes temporal aspects 
as well as spatial aspects. First, the UHI intensity is 
evaluated in each measuring point throughout the en-
tire day. Then, the UHI intensities are analysed within 
the target area, namely, how the individual measuring 
sites differ from the overall average of the measuring 
route at specific times of the day.

Analysing the daily distribution of UHI intensity
The temporal analysis starts with determining the 
daily cycle of UHI intensity for each of the five de-
fined categories within the target area that enables 
us to evaluate the effects of different environmental 
characteristics. Moreover, daily UHI intensity distri-
butions are summarised separately for summer and 
autumn measurements, which allows the seasonal 
differences to be identified. For this purpose air tem-
perature measurements were used both for summer 
and for autumn in calm anticyclonic weather con-
ditions (summer: 4–5 July; autumn: 22–23 Septem-
ber, 29–30 September, and 27–28 October). The tem-
poral distributions of UHI intensities are obtained by 
(i) averaging the pairs of subsequent in situ air tem-
perature measurements in each measuring point of 

the target area, and then (ii) comparing these to the 
corresponding temperature measured at the synoptic 
station of Budapest. The daily cycle is assumed to fol-
low a polynomial trendline, so several orders of poly-
nomial curves were fitted to the UHI intensity values 
throughout the day (the total number of available val-
ues within time series is N). The best polynomial as-
sumption should be selected among the various possi-
bilities by comparing them to each other.

The optimal p degree from the various polynomial 
curves can be determined by using the Akaike (1974) 
Information Criterion (AIC):

(p) = –2 ∙ ln(L) + 2 ∙ p [1]

where L is the maximum value of the likelihood 
function and p is the number of independent param-
eters that can be fitted to the time series of observa-
tions. On the one hand, perfect fit is assured by us-
ing p = N. This assumption is lacking the capability 
of characterising the general behavior of UHI inten-
sity on the other hand, and cannot conclude to typ-
ical daily cycles. AIC represents the goodness of fit 
via the likelihood function, however, it also includes 

Table 2. Classification of measuring points based on their environmental characteristics from in-situ survey

Category A B C D E

Description Busy traffic with 
little vegetation

Narrow streets 
without 
substantial green 
areas

Busy, wider 
streets with green 
areas, trees

Areas with 
substantial 
vegetation 
surrounded by 
buildings

Parks

Measuring points 113=213 
207

104 
107 
110 
205 
206

101=201 
111 
112 
208 
209 
211

102 
103 
105 
108 
204 
210

106 
109 
202 
203 
212

Distance of buildings 
from measuring point (m)

15–30 0.5–10 0.5–25 5–15 10–35 

Average traffic (car / 
5 minutes) and public 
transportation present

> 100; 
bus, tram, 
suburban train, 
metro

10–20 30–100; 
bus, tram

0–20 5–25 

Vegetation (%) (within 
50 m radius of measuring 
point)

10 5–10 5–15 
(except 112:40)

15–25 
(except 105: 70) 

> 35 

Example on photo with 
indicating the measuring 
point

113=213 206 112 105 109
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a penalty increasing with p. Thus, the lower the value 
of AIC(p), the more unlikely that overfitting occurs in 
the polynomial approach.

The evaluation of AIC shows that p  =  3 for most 
measuring stations in the target area of this study, 
thus, the daily cycle of UHI intensity can be described 
with a cubic polynomial trend. The specific polynomi-
al functions are determined for all measuring points, 
then, typical examples are selected to represent the in-
dividual categories. Figure 5a–e shows typical daily 
UHI intensity cycles in summer for the five categories. 
Overall, these cycles are quite similar in the terms of 
general shape, nevertheless, slight differences can be 
recognised in the amplitude of daily cycles. The max-
imum UHI intensities were observed between mid-
night and 3 a.m., which is consistent with other stud-
ies (e.g. Oke, 1995; Lelovics et al. 2016). Furthermore, 

lower UHI intensities occurred at daytime than at 
night (note that sunrise and sunset occurred at 4:53 
and 20:43 CEST, respectively, at the beginning of July). 
The maximum values of the fitted polynomial trend-
lines are in the range of 2.5–3.5 °C, whereas the highest 
actual UHI intensity values in the middle of the night 
exceeded 4.5 °C in category C (i.e. busy, wider streets 
with green areas, trees). Lower UHI intensity values 
occurred in category E (i.e. parks) where heat storage 
from daytime incoming solar radiation is less effec-
tive due to the presence of vegetation. In addition, the 
amplitude of the fitted polynomial trendline is clear-
ly smaller in category E than in other categories (espe-
cially C, B, and A).

The typical daily cycles of UHI intensity in autumn 
(Figure 5f–j representing each of the five defined cate-
gories) are generally similar to the daily cycles in sum-

Figure 5. The daily cycle of UHI intensity in summer (left, a–e) and in 
autumn (right, f–j) for selected measuring points (one from each of the 

five categories). Third degree polynomial trends are fitted to data series, 
and the resulted curves are shown together with their formulas (at the 

bottom of the diagrams) for all categories
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mer. However, the maximum values were higher in 
autumn (namely, in the range of 3–5 °C) than in sum-
mer. Similarly to summer, the greatest difference oc-
curred between category C and category E, but the in-
tensity difference in autumn (~2 °C) is twice as much 
as in summer (~1 °C), which also implies a greater am-
plitude in autumn than in summer. Another slight 
difference between autumn and summer is that the 
maximum of the daily cycle in autumn occurred clos-
er to midnight, i.e. it shifts earlier compared to sum-
mer due to the longer autumn nights with earlier sun-
sets.

Analysing the spatial structure of UHI intensity
We added a spatial aspect to the temporal analysis 
of UHI intensity in this study, and thus investigated 
the spatial structure of UHI intensity. For this pur-
pose, first, we determined the UHI intensities for each 
measuring point relative to the synoptic station of Bu-
dapest at virtual times as it is described in section Me-
teorological measurements. Thereafter the averaged 
UHI intensity of the 24 measuring points was deter-
mined for each virtual time interval (a 24-member 
set of virtual times from individual measuring points 
form a ~5–10-minute-long interval due to the inho-
mogeneous speed along the route), and hence the UHI 
intensity anomalies (i.e. differences between the ac-
tual UHI intensities in the measuring points and the 
route-average UHI intensity) were calculated for each 
measuring point. Thus, the resulting spatial struc-
tures can be evaluated after mapping the UHI inten-
sity anomaly values for each available virtual time. 
Among the map series created with QGIS eight maps 
(shown in Figure 6) were selected from two 24h-long 
measuring period, one in summer (5–6 July) and an-
other one in autumn (29–30 September). Four virtu-
al times are used to illustrate changes in spatial struc-
ture during the day: late afternoon (17h in summer 
and 18h in autumn), midnight (24h in both seasons), 
morning (06h in both seasons), and noon (12h in both 
seasons). Note the difference between the late after-
noon virtual times in summer and in autumn. This 
is due to the fact that the walking along the entire 
measuring route lasted about 2–3 hours depending on 
walking speed, thus the averaged virtual times do not 
always represent the same hour. So 17h and 18h virtu-
al time is available from 5 July and 29 September, re-
spectively. All the other three virtual times are con-
sidered the same. On the basis of the anomaly map 

series from early-July and from late-September shown 
in Figure 6, the following main characteristics can be 
summarised for the daily cycle of the spatial patterns 
of the UHI anomaly. 
(i) In general, the daily cycles of the two seasons are 

quite similar. 
(ii) Late afternoon, 17–18h: 

 – The three warmest measuring points within the 
target area are mostly covered by artificial mate-
rials, and they are from the environmental cate-
gories with busy traffic (A: 113=213, and C: 102 = 
201, 111) both in summer and in autumn.

(iii) Midnight, 24h: 
 – The UHI intensities near the Danube were low-

er than the other parts of the target area because 
of the cooling effect of the river, which can be 
recognised even at the built-up measuring point 
(113=213) from category A.

 – The other measuring points in Inner Fer-
encváros were warmer compared to the average 
UHI intensity of the area; in contrast, the UHI 
intensity anomalies were negative in the Reha-
bilitation zone, probably reflecting the overall fa-
vorable effect of higher green proportions with-
in the blocks.

 – The smallest spatial difference of UHI intensity 
within the target area can be detected at mid-
night although the average UHI intensity along 
the entire route is the highest (3.57 °C in summer 
and 3.95 °C in autumn) among the four parts of 
the day. The intensity anomalies form a ~2  °C 
temperature interval (from –1 °C to 1 °C).

(iv) Morning, 06h:
 – The spatial patterns of UHI intensities are quite 

similar to the results of midnight. However, the 
relative cooling effect of the Danube is slightly 
stronger in summer than in autumn.

(v) Noon, 12h:
 – The greatest spatial difference of the UHI inten-

sities occurred at noon (~3.5 °C between measur-
ing points 113=213 and 211, in autumn). The rea-
son of this lies in the different warming of the 
various surfaces due to solar radiation.

 – The difference between summer and autumn is 
also substantial compared to the other parts of 
the day. The average UHI intensity is ~1 °C in 
autumn (which is the smallest among the four 
parts of the day), and exceeds 2 °C in summer 
(which is greater than in late afternoon).



Csenge Dian, Rita Pongrácz, Dóra Incze,  
Judit Bartholy, Attila Talamon

285Geographica Pannonica • Volume 23, Issue 4, 277–288 (December 2019) – Special Issue

Conclusion

The local government of Ferencváros recognised the 
importance of increasing vegetation, i.e. green sur-
faces in the city center. Therefore, in order to create a 
more liveable environment for citizens, different ren-
ovation programs were completed in the district. The 
efforts of the local government resulted in the sub-
stantial increase of green areas (both the number and 
extension increased sixfold between 2000 and 2016), 

with above 30% of green surfaces in the majority of 
the blocks in the Rehabilitation zone by today.

The continuous 24-hour-long, air temperature 
measurement campaigns organised in the summer 
(July) and autumn (September–November) of 2016 
allow us to analyse the daily cycle and spatial struc-
ture of UHI intensity in the target area located in the 
northwestern part of Ferencváros. The following con-

Figure 6. The daily cycle of spatial patterns of UHI intensity anomaly relative to the average UHI intensity of the entire 
route, 5–6 July 2016 (left) and 29–30 September (right). (Measuring point 209 was added after the summer campaign, 

that is why it is missing from the maps of July.) 
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clusions can be drawn on the basis of the presented 
results:

(1) The analysis of the daily cycle of UHI demon-
strated clearly that the maximum UHI intensity gen-
erally occurs 3–6 hours after sunset (in the case of 
calm weather with anticyclonic conditions). This 
maximum develops between midnight and 3 a.m. 
in summer, with the average intensity values of 2.5–
3.5  °C. The maximum UHI intensity is higher in au-
tumn (by ~1 °C), and shifts earlier (to the period be-
tween 9 p.m. and midnight) due to the earlier sunsets. 
The UHI intensities decrease during the daytime.

(2) In addition to this temporal aspect, we also an-
alysed the spatial structure of UHI intensity based on 
the anomaly relative to the average intensity of the 

whole target area. This part of the study showed only 
slight seasonal differences in the spatial structure of 
UHI. Spatial differences within the target area are 
the smallest at night when the average UHI intensity 
reaches its maximum, while the greatest differences 
occurred at daytime with much smaller average UHI 
intensity values. Consequently, the local effects due to 
the surface cover (i.e. vegetation and artificial cover) 
are more relevant at daytime.

We are planning to continue the in-situ urban cli-
mate measurement program as well as further develop 
the green surface and building surveys. The connec-
tion of their results will allow more detailed analysis 
of the relationship between the built environment and 
the UHI effect.
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