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1. Introduction 
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For purpose of detailed study of urban and suburban climate of Olomouc the Metropolitan station system 
Olomouc (MESSO) was established in 2009. The backbone of station network is made of 8 automatic 
meteorological stations able to measure all basic meteorological characteristics. Records in these stations run 
every 10 minutes. These stations have been supplemented by automatic data loggers for registration of air 
temperature or humidity. The temperature and humidity sensors were placed 1.5 m above the active surface 
and 0.5 m on selected stations, upper edge of shuttle precipitation gauge was at 1 m, radiation sensors and 
anemometer at 2 m, soil temperature at 0.2 m, or at 0.05 and 0.5 m. Data from automatic stations were sent 
every day at 07:00 CET to the server via GSM/GPRS module. Records of data loggers were archived once a 
moth manually on the PC and processed into monthly surveys. In order to describe the spatiotemporal 
differences in regime of selected meteorological characteristics in urban and suburban landscape the sky view 
factor (SVF) was set for all stations. Existing knowledge from these measurements proves the capability of data 
to be used for both detailed studies of urban climate of Olomouc and for their wider practical and operative 
applications. Meteorological information is currently used by the department of civil protection of the municipal 
government of Olomouc for issuing of alerts, further possibilities are being planned. Perspective cooperation 
was established with the CHMI branch in Ostrava–Poruba. MESSO data are applicable for precision of 
meteorological and climatologic information on weather and climate of Olomouc and its surroundings. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 1 Station network MESSO as of December 31, 2013 
 

2. The abstract 
The identification of spatiotemporal air temperature differences between urban and suburban landscape 
represents a complex problem. The reason is that a sufficiently dense network of meteorological stations, 
which represents a distinct heterogeneity of an active surface and which at the same time considers the 
influences of geographical environment on the urban climate, is missing. It seems necessary to acquire 
relevant multilevel data, or possibly to use different methods of data collection. The presented multilevel 
analysis of spatiotemporal regime of air temperature is based on processing stationary, mobile and surface 
thermal monitoring data. Olomouc represents medium-sized central European town. 
 
First level presents stationary data measured by the special-purpose Metropolitan Station System Olomouc 
(MESSO) that included up to 23 measuring points in the inner city and its surrounding. The analysis proved 



that the mentioned relatively dense station network cannot provide satisfying detailed information on causes of 
spatiotemporal temperature differences. On the other hand we have obtained basic information about the air 
temperature field at the local scale. 
 
Therefore the series of mobile measurements of air temperature for selected profiles (second level) namely in 
night time of days with radiative weather regime and in all seasons of year was carried out. The routes of 
mobile measuring covered both suburban and inner city areas. The results demonstrate principal differences of 
temperature courses between urban and suburban landscape and simultaneously enabled identification of 
hot/cold spots. The profile measurement also granted knowledge about the thermal stratification of urban/rural 
canopy layer. 
 
Third data level presents thermal images based on surface monitoring by the use of handheld IR camera. 
Thermal records provided detailed values of surface temperature. Localities with various active surfaces in the 
time with positive/negative radiative balance and also during individual seasons of year were monitored. The 
results have proved extreme differences in surface temperatures for both surface type and day/year time. 
It can be concluded that multilevel air temperature monitoring together with precise knowledge of local 
geographical conditions can yield representative findings about the character of air temperature field of middle-
sized central European city. 

 
3. Multilevel analysis of spatiotemporal regime of air temperature 
 

3.1 Stationary measurement 
 

The results of two–year stationary measurements (second level) of air temperature in MESSO do not describe 
its long–term regime. Years 2010 and 2011 considerably differed in terms of temperature, 2011 was above–
average even regarding the period 1961–2010. Not taking into account the inter–annual variability the 
measurements provided the image of differences in temperature region in the city and in its surroundings. 
 
Basically all suburban stations showed lower temperature than urban stations. The warmest values were 
recorded always at urban station. Among urban stations there were such with a temperature regime similar to 
suburban. The decisive majority of suburban stations have been ranked among the coldest. 
 
Analysis of two–year temperature series confirmed that most frequent occurrence of daily temperature 
maximums was seen at station in the inner city and that surroundings did not affect that. The same holds true 
for the occurrence of daily temperature minimums with stations outside the city urban area in the suburban 
landscape. It corresponds with an occurrence of characteristic days, which depend on the values of daily 
extreme temperatures. 
 
Substantial result is the identification of differences in spatial occurrence of frequencies of observed 
characteristics at individual stations. Significant role in this respect was played by local the geographical 
conditions in the immediate surroundings of the stations. 
 
In the group of urban stations the station located in close vicinity of buildings recorded the absolute daily 
temperature maximum. It is witnessed also by totals of daily maximums 36 in 2010, 47 in 2011. The most 
frequent occurrence of daily maximums was recorded at the station which was related with its location. The 
station with the absolute minimum is urban by its location but suburban by its surroundings. 
 
Despite the occurrence of daily minimums was only rare. The maximum amplitude was recorded at the urban 
station by its location; however its extreme temperature and humidity regime is influenced by the vicinity of the 
river stream. 
 
Among the suburban stations the absolute daily maximum was recorded at the suburban station, and it differed 
from the urban maximum at the urban station only by 1.6 °C. This fact is related with its southern and south–
western exposition of suburban station. The absolute minimum was recorded at the suburban station, together 
with the most frequent occurrence of daily minimums both in 2010 and 2011. This station recorded the highest 
annual temperature amplitude (60.5 °C in 2010). 
 
The general assessment of extreme temperatures in urban and suburban landscape shows the more significant 
manifestation of lower value of minimal temperatures and higher temperature amplitudes at suburban stations. 
This is related also to the frequency of occurrence of all types of characteristic days. The analysis of two–year 
series does not provide positive and definite conclusions on temporal and spatial occurrence of extreme air 
temperatures in urban and suburban landscape of Olomouc. MESSO will be in operation also during future 
years and there is a presumption of the verification of the results. Statistical expression of the occurrence of 
characteristic days according to the air temperature showed great spatial differences in temperature field 
caused by higher inter–annual variability of the year temperature course even in the relatively small territory of 
the city of Olomouc and its surroundings. The average number of tropical days, tropical days with tropical night 
in the whole MESSO was always greater than in long–term average of 1961–2010. Individual differences 
among stations were significant. 



In case of frost and icy days the situation was not unambiguous. Their average number, no matter whether in 
2010 or 2011 and at urban or suburban stations, was always lower than the long–term average. In this case, as 
well, the individual differences among stations were significant. Lower number of characteristic days related to 
daily minimum temperatures confirmed known fact that the long–term temperature regime and its total growth is 
driven more significantly by higher values of minimums than maximums. 
 
The analysis of temperature regime in 2010 and 2011 proved the significance of measurement in MESSO for 
the study of regime of meteorological characteristics and local climatic conditions at the spatial level of urban 
climate. It holds completely true for the research in Olomouc and other cities, which lack historical 
meteorological measurements. 
 

   
 

Fig. 2 Spatial distribution of air temperature at Olomouc station and surroundings in warmest month of 2010 (July, left) and 
2011 (August, right), Vysoudil et al. 2012 

 
3.2 Mobile measurement 

Mobile air temperature measurement represented second level of detailed study of temperature regime in 
Olomouc and its surroundings. Knowledge can be divided into several areas according to factors dominating 
in formation of the character of temperature field in urban and suburban landscape. The air temperature field 
spatial variability was significantly affected by influences of meteorological processes and phenomen 
characteristic of radiation weather regime. The most significant were manifestations of local radiation 
inversions. Their existence and influence on the character of the temperature field was the most significant 
particularly between two suburban stations KOPE–CHVA. Accumulation of large volumes of cool air around 
the lower located station was always self–evident except for mobile measurements during the winter months. 
Not only for this reason this station together with suburban station located close to floodplain was one of the 
coldest in the station network MESSO. Practically was demonstrated the regular occurrence of local radiation 
inversions between further suburban stations or suburban and urban stations. These inversions occurred on 
small areas and were less intense because of elevation differences between stations. 
 
The second factor, which significantly influenced the spatiotemporal variability of the temperature field 
between urban and suburban landscape of Olomouc, was presented by considerable non–homogeneity of the 
active surface. It reflected the land cover and land use differences between urban and suburban landscape. 

 
The greatest cooling effect on the temperature field induced by the land use was related to the suburban 
landscape north of Olomouc, which is characterized by larger and smaller water surfaces, the Morava River 
with many tributaries and the southernmost part of floodplain forest. In this part of the study area there are 
also extensive waterlogged areas, especially between border city parts of Černovir and Chvalkovice and 
municipalities of Tyneček and Hlušovice. Their influence on the character of the temperature field was also 
cooling, as was seen in all mobile measurements. Stations located in these localities were always the coolest. 
Almost always it was the suburban station or urban, where the active surface character was similar to one 
mentioned. 
 
Extensive areas in suburban parts of the city (industrial areas, logistic centres and shopping malls) influenced 
the temperature field in a different manner. They always had a constant positive influence on the increasing 
temperature in their surroundings. The agricultural land had a relatively complicated influence on the 
temperature character in suburban areas. The level and character of this impact changed with the season. 
The greatest differences were recorded during spring (whole of °C). On the contrary the smallest spatial 
differences were recorded during winter (tens of °C). Densely urbanised areas of the city centre (artificial 
surfaces) were always warmest, which holds true for Olomouc. The city acts as a natural heat island that has 
been actually proved and analysed by the MESSO data. 
 
The basic knowledge related to the role of active surface and temperature regime in urban and suburban 
landscape was the formation of local radiation temperature inversions. Their existence in spring, summer and 
autumn months was connected apart from meteorological factor to the character of the active surface. The 



influence of the altitude factor on the temperature field and its vertical profile was minimal. The role of altitude 
was crucial during the winter measurements, when the influence of the active surface on warming the surface 
atmosphere level was eliminated and the temperature profile was influenced only by the altitude. In other 
words, the temperature inversion has not been proved and the temperature decreased with altitude. The 
coolest station was suburban, and the highest station. 
 
The above mentioned facts show the general conclusion that the existing spatial–temporal variability of the 
temperature field in the urban and suburban landscape of medium city size, Olomouc, is the result of different 
level of geofactors interaction, complex relationships and processes between them. Decisive in this respect 
are general differences in land cover and land use, i.e., in active surface. In the suburban landscape we 
cannot ignore the effects associated with changes in vegetation cover in the seasons, because the rate of 
transformation of short–wave components of solar radiation into heat radiation as well as the ability of the 
active surface to emit the energy into the surface atmosphere layer change during the year and depend on the 
overall character of vegetation and its complete absence after harvest, ploughing, etc. 
 

 
 

Fig. 3 Air temperature profiles on routes on April 20, 2010 (Vysoudil et al. 2012) 
 

3.3 Surface thermal monitoring 
Temperature field of the urban and suburban landscape of Olomouc (Czech Republic) was studied also on the 
basis of analysis of thermograms gained by thermal camera (third level) during the seasons of the year and 
in time of both positive and negative energetic balance. Measurements point precisely to relative differences 
in surface temperatures of artificial and natural surfaces in the city and its surroundings. Surface thermal 
monitoring showed distinct differences of surface temperature of artificial surfaces and surfaces with 
vegetation cover in dependency on daytime and in case of vegetation on its type and density. The possibility 
of identification of warm and/or cold surfaces in urban and/or suburban landscape by this method was proved 
as well as the fact that the technique and method used are capable of describing the differences in surface 
temperatures during day and night time, i.e., for observation of the rate of warming and cooling during time. It 
was helped by the possibility of sequence regime of monitoring. Further on, it was possible to compare the 
character of surface temperature to the character of temperature field in the ground atmosphere layer thanks 
to existence of similar air temperature measurement in MESSO. Method of surface thermal monitoring can be 
accepted for description of spatial and temporal changes of surface temperatures in landscape types with a 
high geodiversity. This is the crucial finding for study of spatiotemporal specifics at the level of a city and its 
surroundings, i.e., in different types of cultural landscape. 
 



     
 

Fig. 4 Selected locality at visible spectrum (left) and average surface temperature of selected areas in infrared spectrum 
on April 8, 2010, 11:00 a.m. (middle) and 21:00 p.m. (right), Vysoudil et al. 2012 

 
3.4 Analysis of UHI and UCI 

The knowledge of occurrence of warm and cool areas belongs among the key issues in a study of urban 
climate. The attention was paid to the issue also in this study. Description of identification and behaviour 
UHI/UCI came out from the analysis of air temperature differences in MESSO stations in 7 hourly moments 
(18:00–24:00) during selected days with a radiation weather regime. Values of temperature differences among 
urban and suburban stations were decisive. The presupposition of higher temperatures at urban stations was 
proved with the only exception being the relatively frequent maximum moment temperatures at urban and 
highest station (KOPE) during the night hours. It is given by the fact that during most of observed days the 
surface temperature inversions occurred in its surroundings during the night hours. 
 
Similar anomaly was recorded with some examples of the lowest recorded temperature at the urban station 
(KOJE). It, thanks to its location near the Morava River, showed the temperature humidity regime of the 
suburban stations. 
 
UHI intensity is presented as a difference between the highest and the lowest hour temperature, between the 
highest temperature at the urban station and the lowest temperature at the suburban station. For every 
moment the average temperature was determined. The differences showed, then, that advantageous weather 
conditions provide significant differences between air temperature at urban and suburban stations and the 
existence of UHI/UCI is reality even in the medium–sized city such as Olomouc. Absolute maximum difference 
9.1 °C from October 1st 2011 at 19:00 between two stations was recorded paradoxically at stations 
considered suburban. The second highest value, 8.7 °C, is the differences also between suburban stations at 
the same day. Generally the highest temperature difference, i.e., UHI/UCI intensity, was related to the action 
of significant anticyclonic situations. The seasonal aspect was not so important. 
 

 
 

Fig 5 UHI an UCI evaluation on October 1, 2011 (every hour from 18:00 to 24:00), Vysoudil et al. 2012 
 

3. Conclusion 
The knowledge of urban climate of most Czech cities is poor. The main goal of the project „Multilevel analysis 
of the urban and suburban climate taking medium-sized towns as an example” was to mitigate this lack. 
Selected multilevel approach to meteorological data analysis and presentation was based on processing of 
data gathered from stationary, mobile and surface thermal measurement. Here presented results (period 
2010-2012) represent illustration and base for long-term and systematic research of urban climate not only in 
Olomouc, but also an methodological example for study of urban climate of similar sort of cities. 
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