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Abstract

Urban air (Ta) and surface (Ts) temperature patterns depend mainly on the surface cover conditions. 
WUDAPT methodology was used to create the local climate zone (LCZ) map of Szeged (Hungary) pro-
viding detailed information about the structure of the urban area. The seasonal and monthly variations 
of simultaneous measurements of Ta (urban network) and Ts (MODIS) in different LCZs were analysed 
for a four-year period. The results show that the largest differences between Ts and Ta values occur in 
late spring and summer. During the day, the monthly mean Ts was much higher than the mean Ta, while 
at night, the Ta exceeded the Ts in all LCZs. Linear statistical relationship was also analysed, which con-
cluded that diurnal and nocturnal Ta and Ts are strongly correlated in all LCZs in Szeged.
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Introduction

Rapid urbanization profoundly affected local climatic 
conditions, thus investigating the urban thermal en-
vironment gained importance in order to better adapt 
to changing conditions. The phenomenon known as 
the urban heat island (UHI) effect is a consequence of 
artificial surfaces and anthropogenic activities. UHI 
has an impact on the urban environment, including 
energy consumption, human health, phenological 
phases, duration of snow cover.

It is essential to distinguish between urban heat is-
lands that are measured in the near-surface air lay-
er (Ta, denoted by UHI) and those measured on the 
surface (Ts, denoted by SUHI) (Oke et al., 2017). Its 
magnitude is usually determined by urban heat island 
intensity, which by definition means an urban-rural 
temperature difference, although the demarcation be-

tween “urban” and “rural” areas is not clearly objec-
tive, making it very difficult to compare values report-
ed in the scientific literature. For SUHI monitoring 
land cover products (Zhou et al., 2013) and night-time 
light data (Fu & Weng, 2018) are commonly used to 
distinguish and specify these areas. 

Local Climate Zone (LCZ) scheme is a comprehen-
sive classification system, its elements (zones) are ’re-
gions of uniform surface cover, structure, material, 
and human activity that span hundreds of meters to 
several kilometers in horizontal scale’ (Stewart & Oke, 
2012). As this framework is able to represent the spe-
cific thermal regime of intra-urban areas, more and 
more studies appear that use the LCZ system in urban 
climate monitoring (e.g. Unger et al., 2011; Yang et al., 
2018). The set of LCZs is divided into two sub-sets: 
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there are 10 built-up and 7 other land cover types, so 
they are very suitable for a fine and exact distinction 
between environments with urban and rural charac-
teristics.

Several investigations (Bechtel & Daneke, 2012; Be-
chtel et al., 2015; Lelovics et al., 2014) focused on op-
timizing LCZ mapping methods and several studies 
followed them to develop and compare different clas-
sification procedures, considering local surface mor-
phology (e.g. Geletič & Lehnert, 2016; Quan et al., 
2017; Wang et al., 2018a; Hidalgo et al., 2019). These 
studies form four main groups: (i) GIS-based (Ol-
iveira et al., 2020) and (ii) satellite-image-based clas-
sification, (iii) combined method, and (iv) expert-
knowledge-based classification, as discussed in recent 
comprehensive review studies (Lehnert et al., 2021; 
Quan & Bansal, 2021). 

Remote sensing imagery-based LCZ mapping sup-
plies detailed urban morphology information for 
thermal characteristics analysis, and the usefulness 
was proved by a great amount of studies investigating 
LCZ–Ta relationship (e.g Yang et al., 2018). The map-
ping of LCZs expanded to many studies that focus on 
understanding the surface thermal characteristics. 
Some of them apply airborne measurements to assess 
the quality of LCZ classification, however it offers the 
opportunity for only short term detection (Skarbit et 
al., 2015; Bartesaghi Koc et al., 2018). Using thermal 
satellite images enabled to assess long-term and sea-
sonal changes of the Ts in different LCZs (Gémes et 
al., 2016; Geletič et al., 2019), but their temporal reso-
lution was low. 

The World Urban Database and Portal Tool (WU-
DAPT 2021) was developed as an international syn-
ergy project to create a global high-resolution data-
base that collects information on the urban form and 
function of cities worldwide using a universal, sim-
ple, and objective LCZ mapping method (Bechtel et 
al., 2015; Ching et al., 2014; See et al., 2015). Since then, 
this methodological framework has been successful-
ly applied in mapping and thermal analysis stud-
ies. Bechtel et al. (2019a) conducted consistent and 
comprehensive inter-city SUHI analyses for 50 cit-
ies globally from MODIS (Moderate Resolution Im-
aging Spectroradiometer) and Landsat data. Signifi-
cant Ts differences were detected within the built-up 
classes, confirming the suitability of the LCZ system 
and WUDAPT L0 data for SUHI analysis. However, 
considerable differences were found in the spatial dis-
tribution of SUHIs between cities, which can be ex-
plained by phenology, topography, and the influence 
of neighbouring LCZ classes.

Many other studies confirmed the strong LCZ–Ts 
relationship in urban regions in wet subtropical areas 
(Das & Das, 2020) as well as in arid areas (Wang et al., 

2018b; Fricke et al., 2020) using WUDAPT methodol-
ogy. Dian et al. (2020) applied remote sensing data to 
examine the spatial and temporal structures of Ts, and 
they concluded that the differentiation of LCZs by Ts 
depends on the time of the day in the case of Budapest. 
Du et al. (2020) combined LiDAR and satellite data 
to study the thermal behaviors of different LCZs and 
their results show that in Nanjing the thermal reac-
tions of LCZs were more distinguishable by Ts in sum-
mer than in other seasons, and building height had a 
substantial effect on Ts.

Gholami & Beck (2019) revealed a significant rela-
tionship between LCZ and Ts on the basis of case stud-
ies from 25 cities worldwide with different climatic 
backgrounds. They investigated the influential driv-
ers of the relationship when applying the WUDAPT 
concept, and their results demonstrated that latitude, 
mean and maximum annual temperature were the 
dominant modifier factors among the examined pos-
sible factors.

Another group of research (Beck et al., 2018; Oxoli 
et al., 2018) focused on the relationship between LCZ 
classes and air temperature. The analysis by Skarbit 
et al. (2017) aimed at comparing Ta in different LCZ 
classes, and their results show that the temperature 
parameters of compact LCZs exceed those of the oth-
er classes. Besides in-situ observations, Ta difference 
was examined also via mobil measurements (Stewart 
et al., 2014; Leconte et al., 2015) and high correlation 
was detected between LCZs and Ta.

In order to better understand the urban thermal en-
vironment, some articles aimed at combining Ts and 
Ta observations, and in parallel, compared the spatial 
and temporal variability of Ta and Ts, and sought to 
explore their relationship. Gallo & Owen (1999) inves-
tigated the relationship of urban-rural Ta–Ts–NDVI 
differences and they concluded that Ts is a useful pre-
dictor of monthly and seasonal Ta variables for the pe-
riod from March to June. Yang et al. (2020) quantified 
UHI/SUHI difference simultaneously with five dif-
ferent indicators in Changchun (China), where light 
snows occur in winter. According to the results the 
land cover of the demarcated “urban” and “rural” ar-
eas has a substantial influence on UHI/SUHI intensi-
ty. Li et al. (2020) analysed the relationship between 
SUHI and Ta, and their results indicate that Ta has a 
spatially nonstacionary impact on SUHI.

However, it can be concluded that little effort has 
been made to investigate the complex relationship be-
tween LCZ–Ts–Ta using a large number of thermal re-
mote sensing datasets, allowing detailed daily and 
monthly analysis of variation.

In this study, we focus on the analysis of thermal 
reactions between LCZs and the rural areas as well, as 
within the city using the example of a Central Euro-
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pean city (Szeged, Hungary) based on 4-years (2014–
2018) of simultaneous satellite and urban station net-
work data sets. Our specific objectives are to:
1.	 collect MODIS thermal images with clear condi-

tions and separate them according to months as 
well, as night and day; 

2.	 collect simultaneous air temperature data from the 
urban station network of Szeged and separate them 
according to months as well, as night and day; 

3.	 compare the obtained mean monthly (seasonal) di-
urnal and nocturnal Ts and Ta differences between 
the urban LCZs and rural areas.

Study area

Szeged (46.25°N, 20.15°E) with a population of 160,000 
is the third largest city in Hungary locating on the 
Great Hungarian Plain (Figure 1a). Szeged is charac-
terised by densely populated urban area with a con-
centric growth pattern and fragmented suburban are-
as (Figure. 1b). The core of the city is characterised by 
midrise buildings, and it is surrounded by warehous-
es, detached houses with gardens, and blocks of flats 

in the north-eastern direction. Its neighbouring ru-
ral area is utilized for cultivating different crops, but 
a few groups of trees are also found there. Its climate 
is Cfa by the climate classification of Köppen (1918) 
with the highest monthly temperature of 22.7 ºC and 
the annual amount of precipitation of 508 mm (1986–
2015, Harris et al., 2014).

Data and methods

LCZ mapping and separating urban and rural areas
The applied mapping method uses freely accessible 
software (Google Earth and SAGA-GIS) and remote-
ly sensed data (Bechtel et al., 2015), and it provides a 
globally objective classification (Bechtel et al., 2019b). 
The first step of the workflow is processing all the 11 
spectral bands of Landsat-8 satellite images. The high-
est quality level Precision Terrain dataset of the Oper-
ational Land Imager and the Thermal Infrared Sensor 
instruments was downloaded from the Earth Explor-

er user interface of the U.S. Geological Survey (htt-
ps://earthexplorer.usgs.gov). In order to represent the 
intra-annual surface changes, cloud-free Landsat-8 
images were taken at three different times of the year, 
namely, on 24.06.2017, 27.08.2017 and 30.10.2017. Sec-
ondly, we need to resample the 30–100 m resolution 
Landsat-8 scenes to a common spatial resolution (100 
m) in SAGA-GIS. The next part of the process is to 
delineate manually the training area polygons of the 
LCZ classes and the region of interest in Google Earth. 

Figure 1. The geographical location of Szeged in Hungary and Europe, and its aerial view  
(https://www.google.com/maps)

https://earthexplorer.usgs.gov
https://earthexplorer.usgs.gov
https://www.google.com/maps
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In SAGA-GIS an automated classification of Landsat 
images was conducted using random forest classifica-
tion algorithm. If poorly classified areas are detected, 
we have to improve the training areas, and repeat the 
classification procedure as many times as necessary. 
In a final step, a majority post-filtering is performed 
with a given filter radius size to scan the neighbouring 
pixels around a central pixel. After testing different 
radius sizes, we selected 3 pixels in the current study, 
because this reduces noise, but meanwhile, it does not 
result in unreasonable generalisation at this city scale. 
The result of this workflow is an LCZ map of the study 
area (for more details see Fricke et al. (2020)).

Figure 2 shows the obtained LCZ map for Szeged. 
Seven different built-up LCZs were distinguished: 2 
(compact mid-rise), 3 (compact low-rise), 5 (open mid-
rise), 6 (open low-rise), 8 (large low-rise), 9 (sparse-
ly built), and 10 (heavy industry). As it can be seen 
the built-up density is decreasing beginning from the 
downtown to the border of the city. The northwestern 
part of the city covered by LCZ 8 and LCZ 10 is locat-
ed beyond the urban area (see later).

Around the city 5 different land cover types were 
detected: LCZ A (dense trees), LCZ B (scattered trees), 
LCZ C (bush, scrub), LCZ D (low plants), and LCZ 
G (water). The dominant land cover type of the sur-
rounding area is LCZ D with low plants (Figure 2). 

Some parts of the low plant areas are under agricul-
tural use, which means that they became bare soil 
temporarily within the year, thus bare soil and low 
plant areas are merged into LCZ D. As we used multi-
ple satellite images from different dates, the merging 
of the two zones simplifies the classification.

To make a comprehensive study we identified ur-
ban and rural areas using the obtained LCZ map. In 
QGIS we assessed the ratios of individual LCZ class-
es for each MODIS tile. Urban and rural tiles are de-
termined by different criteria which are specified in 
Fricke et al. (2020). We considered tiles as urban tiles 
if they are covered by mostly built-up LCZs and dur-
ing selection of rural area we eliminated significant ef-
fects of built-up areas, water bodies or substantial to-
pography (Table 1).

Table 1. Specification of urban and rural tiles 

Urban Rural

•	 include min. 55% built-up 
LCZs

•	 cells form coherent area
•	 located within the 

administrative border 

•	 mostly uninhabited
•	 located at least 2 km 

from the urban boundary
•	 must contain less than 

1% of total building 
surface fraction

Source: Fricke et al., 2020

Land surface (Ts) and air (Ta) temperature
In this paper MOD11A1 (V6) MODIS/Terra and 
MYD11A1 (V6) MODIS/Aqua Land Surface Tem-
perature and Emissivity Daily L3 Global 1 km Grid 
SIN products were used to investigate surface thermal 
properties. Data were obtained from the summer of 
2014 to the spring of 2018 for the study area. Sensor 
MODIS measurements are available from both solar-
synchronous satellites Terra and Aqua as part of the 
American National Aeronautics and Space Adminis-
tration’s Earth Observing System. The MODIS sen-
sor measures radiation in 36 electromagnetic spec-
tral bands with different spatial resolutions (NASA, 
1999). Ts retrieved from the raw MODIS radiation 
data by split window algorithm, which corrects the 
atmospheric effects using multiple bands on the sen-
sor MODIS (Wan & Snyder, 1999). This method is less 
sensitive to uncertainty in emissivity over wide rang-
es of surface and atmospheric conditions resulting in 
improved data quality.

Both Terra and Aqua images consisted of one day- 
and one nighttime scenes with acquisition times ap-
proximately 9–10 a.m., 8–9 p.m. (Terra), 2–3 a.m. 
and 12–13 p.m. (Aqua). Since anticyclonic, cloudless 
weather situations enable us to examine the local-
scale thermal patterns, only the images that contained 
100% data coverage within the delineated urban and 
rural areas ofSzeged.

Figure 2. LCZ map shown on the MODIS grid covering the 
study area with administrative city border (black line), 

delineated urban (red line) and rural (blue line) polygons 
in and around Szeged (the elements of the 24-station 

network are marked by circles and squares) 
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The air temperature (Ta) data came from the urban 
monitoring network of Szeged, similar to the one in 
Novi Sad, Serbia (Šećerov et al., 2019). It was estab-
lished to provide long-term Ta and relative humidity 
datasets from various parts of the city representing 
different local environments. The selection and instal-
lation of 24 station sites considered the spatial pattern 
of the LCZs in order to gain representative tempera-
ture datasets for these zones (see Figure. 2). 22 stations 
settled in the urban area of the city, while stations D-1 
and D-2 are situated in its rural surroundings (for 
more details see Skarbit et al. (2017)).

We selected those Ta stations as urban stations, 
which are located in MODIS cells with more than 
55% coverage by a particular built-up LCZ class and 
we considered D-1 and D-2 stations as representatives 
of the rural area. The selection provided one station 
in LCZ 2, two stations in LCZ 5, six stations in LCZ 
6, one station in LCZ 8, and three stations in LCZ 9 
within the urban area (Figure 2).

Calculation, evaluation and comparison  
of daily and monthly variation of Ts and Ta 
From the measurements of the selected stations, the 
hourly means of Ta were retrieved for the acquisition 
times of sensor MODIS. Those stations were select-

ed where the built-up LCZ coverage exceeded 50% in 
a MODIS pixel. Missing data were filtered out and 
only the simultaneous measurements of a particu-
lar MODIS pixel and its inherent Ta station were tak-
en into account during the further computations. 
For LCZs (5, 6 and 9) with more than one station, 
the collected data were averaged. The Ts and Ta data 
were separated into diurnal and nocturnal groups on 
the basis of the forenoon/afternoon and night/dawn 
MODIS images, and the simultaneous Ta data, re-
spectively.

As the first step, we calculated the monthly mean di-
urnal and nocturnal Ts and Ta differences between ur-
ban LCZs and rural areas (ΔTs(LCZx-r)) and ΔTa(LCZx-r), 
respectively). Then, these mean diurnal and noctur-
nal values were compared for each month, and the re-
trieved differences of the thermal reactions of surface 
and air by LCZs were analysed and explained (see lat-
er Figures 3 and 4).

As the second step, the annual variations of Ts and 
Ta were demonstrated on box plots for LCZ 2 and LCZ 
D as they respresent the most different (densely built 
up and rural) land cover (see later Figure 5). 

As the third step, linear statistical relationships be-
tween all available Ts and Ta values were revealed and 
evaluated by LCZs (see later Figure 6).

Results and discussion

In this section several analyses were undertaken to 
reveal the relationship between the different thermal 
characteristics as well as between these thermal char-
acteristics and LCZ classes. 

Comparison of daily and monthly intra-urban 
thermal reactions
Figure 3 shows the annual variation of diurnal and 
nocturnal thermal differences measured in surface 
temperatures between different urban LCZs and the 
surrounding rural area of Szeged. Figure 4 presents 
the annual variation of the Ts–Ta differences by LCZs 
both in daytime and nighttime. 

It can be immediately seen in Figure 4, that during 
the day Ts was much higher than Ta (especially in the 
warm half-year). At night, the opposite was detected in 
all zones, with the air being warmer than the surface, 
although not to the same extent as during daytime. No 
substantial Ta difference was observed between urban 
LCZs and rural areas in daytime (Figure 3a). Urban 
LCZs are mostly cooler by around 1 °C, and the differ-
ences are almost constant throughout the year, with a 
few exceptions (e.g., LCZ 8 in February, LCZ 6 in April).

The largest Ts difference (4.1 °C) was observed be-
tween LCZ 2 and the rural area during daytime in 

June (Figure 3b). While the Ts difference between LCZ 
2 and rural area changed by the seasonal variation of 
the solar irradiation, a relatively slight seasonal var-
iation was observed in Ts in other zones. In Septem-
ber and October, the largest ΔTs(LCZx-r) was observed 
in LCZ 8, which is mostly dominated by large shop-
ping centers and industrial buildings. From late au-
tumn to late winter, there was no considerable Ts-dif-
ference between individual LCZs, presumably due to 
the more insignificant vegetation typical for this peri-
od (Figure 3b).

The highest Ts−Ta difference (9.7 °C) was found 
in LCZ 2 during daytime in May, and Ts was more 
than 7  °C higher compared to Ta from April to Au-
gust, while the lowest Ts−Ta difference was observed 
for LCZ D and LCZ 9, which consist mostly of green 
areas (Figure 4).

At night, ΔTa(LCZx-r) is consistent with the built-up 
density: the difference increases with building density, 
so that the largest difference occurs almost through-
out the year between LCZ 2 and the rural area (Figure 
3c). LCZs 5 and 8 are the second warmest zones fol-
lowed by the LCZs 6 and 9. The seasonal variation of 
the nocturnal ΔTa(LCZx-r) is relatively large compared 
to the daytime situation (Figure 3a). 
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Regarding the nocturnal dynamics of ΔTs(LCZx-r), 
there were only small differences between the LCZ 
classes (Figure 3d). From February to October, the 
LCZ 2 was at least 1 °C warmer than the rural area, 
however, the difference exceeded 2 °C also in June.

Seasonal thermal reactions of LCZ D and LCZ 2
The thermal effects of the built-up differences were in-
vestigated among the LCZs having the most diverse 
surface properties (LCZs D and 2), comparing the ob-
tained seasonal Ta and Ts values. In Figure 5, the box-
plots of these LCZs show the median values of the 
measured and seasonally averaged absolute Ts and Ta 
values as well, as their distribution (showing quartiles 
and extremes) and outliers (indicated by open circles). 

It can be clearly seen that during the day, the absolute 
Ta and Ts values increase with seasonally increasing 
insolation for both LCZ 2 and LCZ D. In addition, the 
Ts values are mostly higher than the Ta values during 
daytime, while the Ta exceeds the Ts at night, regard-
less of the season.

The diurnal Ta and Ts values show greater variabil-
ity in spring and autumn than in other seasons as the 
thin vertical lines between the extremes cover relatively 
broader intervals (Figure 5). Most outliers were observed 
in winter in both LCZs, however, the two LCZs’ thermal 
reactions were less distinguishable then. The LCZ D and 
LCZ 2 are well distinguished during daytime in sum-
mer: the Ts values vary between 24.5–44.5 °C and 26.6–
46.5 °C in LCZ D and in LCZ 2, respectively. 

Figure 3. Annual variation of the diurnal (a, b) and nocturnal (c, d) LCZ vs. rural thermal differences detected in surface 
(ΔTs(LCZx-r)) and air (ΔTa(LCZx-r)) temperatures (Szeged, clear days, 01.06.2014 – 31.05.2018)

Figure 4. Annual variation of the diurnal and nocturnal Ts–Ta differences by LCZs  
(Szeged, clear days, 01.06.2014 – 31.05.2018)
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Linear statistical relationships between surface 
and air temperatures
Figure 6 shows the scatter plots of the correlation be-
tween the parallel Ts and Ta records of MODIS and ur-
ban stations in each LCZ during day and night. Ac-
cording to these, strong linear relationship can be 
detected in each LCZ both day and night in the study 
area. LCZ 5 (Figure 6b), LCZ 6 (Figure 6c) and LCZ 9 
(Figure 6e) contain more than one station, which ob-
viously results in more observation pairs than LCZ 2 
(Figure 6a), LCZ 8 (Figure 6d) and LCZ D (Figure 6f). 
The coefficients of determination (R2) were very high, 

ranging from 0.92 (LCZ D) to 0.982 (LCZ 5) during 
daytime, and slightly lower at night, between 0.912 
(LCZ 9) and 0.959 (LCZ 2).

Hereher and El Kenawy (2020) also reported strong 
correlations between the monthly daily and noctur-
nal Ts and the minimum as well, as maximum Ta val-
ues. Similar results were also concluded in many oth-
er studies (e.g. Zhu et al., 2013; Chen et al., 2016). The 
derivation of the diurnal linear regression changed 
around 0.8, while the nocturnal derivation was above 
0.9. The diurnal Ts is generally higher than diurnal Ta, 
while Ta and Ts values are quite close at night. 

Conclusions

This study classified LCZs in and around Szeged us-
ing Landsat 8 satellite images based on the WUDAPT 
method. As a result, 7 different built-up LCZs were 
recognised in the urban area of Szeged. Ta values are 
retrieved from the urban monitoring network of Sze-
ged, while the Ts database was provided by MODIS.

Simultaneously measured Ts and Ta values were 
compared in each MODIS pixel that contained at least 
one Ta station and had more than 50% coverage of a 
built-up LCZ. Seasonal and monthly variations in ther-
mal differences in the built-up LCZs were analyzed, 
and Ts values were generally higher during the day, es-
pecially in summer, while Ta at night mostly exceeded 
Ts in all LCZs. The nocturnal LCZ–rural differences of 
Ta increased with increasing built-up density, while Ts 
showed the same pattern, both during day and night. 
Over the four-year period studied, the highest mean Ts 
difference (4.1 °C) was observed between LCZ 2 and 
the rural area, during daytime in June. Seasonal vari-

ation of thermal properties were investigated between 
LCZ 2 and LCZ D as these LCZs represent the most 
densely built-up urban and the most dominantly pre-
sent rural LCZs, respectively. The results show a high 
thermal contrast, especially in summer and spring dur-
ing the daytime period. Analysis of the Ts–Ta correla-
tion showed that a strong linear relationship was ob-
served in all LCZs day and night.

Results show that built-up density and the amount 
of vegetation has a considerable effect on the thermal 
pattern of the urban and the surrounding areas. Add-
ing more vegetation, replacing artificial surface to nat-
ural would decrease local and microscale differences. 
In addition prefering lower built-up density in ur-
ban planning would also mitigate urban heat island 
effect. Expected increasing global temperature and 
heat waves associated with climate change will en-
hance this urban-rural contrast, which has also neg-
ative impacts on human thermal comfort and energy 

Figure 5. Annual variation of the diurnal and nocturnal thermal reactions of (a) LCZ D and (b) LCZ 2 detected in surface 
(Ts) and air (Ta) temperatures, as examples (Szeged, clear days, 01.06.2014 – 31.05.2018)
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Figure 6. Linear regression relationship (orange lines: day, green lines: night) fitted between surface (Ts)  
and air (Ta) temperatures by LCZs (a – LCZ 2, b – LCZ 5, c – LCZ 6, d – LCZ 8, e – LCZ 9, f – LCZ D)  

(Szeged, clear days, 01.06.2014 – 31.05.2018) 
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consumption. Increasing temperatures will become 
more intolerable for urban inhabitants in the dense-
ly built-up regions of the cities, while people who live 
in areas of openly arranged buildings will experience 
less heat excess. For this reason preffering open city 
structure during urban planning and improving resil-
ient infrastructures by local government would miti-
gate these disadvantageous effects and it would help 
in adaptions to ongoing climate change.

This paper was the first step of our extended research 
on Ts-Ta relationship therefore we examined it only one 
urban area (Szeged). In the future our aim is to accom-
plish a larger scale investigation with more cities in 
Central Europe to find different relationships between 
the studied thermal variables using statistical models 
which would enable us to assess the UHI effect also in 
cities where urban monitoring network is not available.
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