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Introduction

Over the last 20 years Warsaw has been 
intensively built-over with in-fills and sky-
scrapers in the city centre, closed housing 
estates in the outer districts and separate 
houses on the outskirts, on former agricul-
tural land. At the same time, inside the city, 
the aeration belts transferring fresh air from 
surrounding forests to the city centre have 

disappeared and green open areas, gardens 
and allotments drastically diminished in size. 
All those processes have led to the increase 
of urbanization, especially intensively on the 
left side of Vistula River and hence increasing 
the urban heat island (UHI). UHI is defined 
as a relative increase of the temperature 
of the near-ground air layer inside the city 
in comparison to the surrounding rural areas. 
Urban heat island is the best-documented 
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evidence of anthropogenic climate modifi-
cation in urban areas and is often treated 
as one of the essential features of urban cli-
mate, though it is not a stationary phenom-
enon but a periodic one of varying intensity, 
persistence through time, spatial extent and 
shape (Oke 1979, 1987; Arnfield 2003; Fortu-
niak 2003; Peng et al. 2012). 

In Warsaw the influence of urbanization 
on the climate was very easily seen because 
of dramatic destruction during the Second 
World War. According to the Encyclopaedia 
of Warsaw (1994), up to 1994, about 90% 
of the buildings had been destroyed and 
later rebuilt. However, no one investigated 
this phenomenon in those times. There are 
only some remarks, for example: in the fif-
ties of the 20th century the mean wind speed 
in the centre of Warsaw reached 78% of that 
noted on the outskirts, while in the late sev-
enties wind speed in the centre was reduced 
to 43% (Kossowska-Cezak 1999; Błażejczyk 
2002). 

The publications on Warsaw climate are 
usually based on long-term data series from 
few meteorological stations and consider 
the differences of meteorological param-
eters between urban and suburban areas 
(Kozłowska-Szczęsna et. al. 1996; Wawer 
1997; Błażejczyk 2002; Lorenc & Mazur 
2003; Stopa-Boryczka (ed.) 2003; Błażejczyk 
& Kunert 2006). Some of the studies, con-
sisted of several measuring posts (which were 
arranged on chosen profiles or the chosen 
quarters of the town) were periodically car-
ried on by the researchers and students 
of the Faculty of Geography and Regional 
Studies of the University of Warsaw (Stopa-
-Boryczka 1992). 

Urban heat islands are usually defined 
on the basis of average long-term data from 
a few urban and rural meteorological sta-
tions (Szymanowski 2005; Fortuniak et al. 
2006; Majewski et al. 2013). Sometimes the 
research is based on data from denser net-
works of meteorological stations, though 
often limited to season or days (Błażejczyk 
2002; Watkins et al. 2002; Kuchcik 2003; 
Endlicher et al. 2008; Papanastasiou & Kittas 

2012). Some of the studies rely on a vehicle 
equipped with meteorological instruments 
driving through cities (Chudzia & Ropuszyński 
1998) or airplane flights providing basic data 
from thermal scanning (Mayer 1988). Recent-
ly, most popular studies of heat islands are 
based on remote sensing data of the surface 
temperature (Voogt & Oke 2003; Peng et al. 
2012).

The area of Warsaw is about 517 km2; 
the distance from the south to north edge 
of the city is about 25 km and from the west 
to east edge 20 km. Only 2 meteorological 
stations of the Institute of Meteorology and 
Water Management operate in that area 
(IMGW; Okęcie, Bielany) as well as a few 
stations belonging to universities (University 
of Warsaw, Warsaw University of Technology, 
Warsaw University of Life Sciences, the Mili-
tary University of Technology in Warsaw) and 
research institutions: the Institute of Geogra-
phy and Spatial Organization (IGSO PAS) and 
the Institute of Geophysics of the Polish Acad-
emy of Science. 

In the light of fast changes in the city 
of Warsaw and global climate changes, this 
number of measurement sites is totally insuf-
ficient. Due to this, in spring 2006, clima-
tologists from IGSO PAS began to establish 
a network of microclimatic measurements 
in Warsaw and its surroundings (Kuchcik 
et al. 2008). This new observational net-
work is based on two automatic meteoro-
logical stations which have been operated 
by IGSO PAS since the end of 1990. They rep-
resent the downtown of Warsaw (Twarda st.) 
and the areas outside of the town (Borowa 
Góra – 35 km north from Warsaw). They are 
equipped with Campbell CR23X Datalog-
gers, Kipp&Zonen pyranometers, Young wind 
speed and direction monitors, Vaisala tem-
perature, humidity and air pressure sensors. 

The aim of the new network was to collect 
information about the influence of the com-
plex Warsaw urban structure on the tempo-
ral and spatial variability of air temperature, 
air humidity and precipitation regimes. With 
time, the network rose in number of sta-
tions, though the station in Borowa Góra was 
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eliminated due to technical problems. 
Nowadays the main results of the network 
refer to the spatial and temporal changes 
of air temperature in Warsaw, its depend-
ence on different urban structures and land 
cover types (Adamczyk et al. 2008; Baranow-
ski et al. 2008; Błażejczyk et al. 2014). The 
measuring points represent different urban 
structures, ratio of biological vital areas 
or arrangements of buildings. 

The aim of the paper is to present a few spa-
tial and temporal characteristics of the urban 
heat island in Warsaw, but also to present the 
Warsaw network of measurements – its devel-
opment, present state and the reasons why 

IGSO PAS participated in the Central Europe 
UHI Project ‘Development and application 
of mitigation and adaptation strategies and 
measures for counteracting the global Urban 
Heat Islands phenomenon (UHI)’. 

Warsaw microclimatic network – 
development and present state

The first attempt of the microclimatic net-
work in Warsaw refers to the years 2001-
2002 when, within the framework of the 
project ‘Influence of air circulation and local 
factors on climate and bioclimate of War-
saw’, 12 HOBO Pro dataloggers were used 

Figure 1. Location of the measuring posts in the microclimatic network (yellow – operated by IGSO PAS, 
red – other operators)

Source of aerial data: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, 
IGN, IGP, Swisstopo, and the GIS User Community.
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for monitoring air temperature and humidity 
in selected urban structures. The network 
worked for 13 months and the results were 
applied in Błażejczyk’s (2002) publication.

As mentioned, the creation of the contem-
porary network started in 2006. From 2010 
the IGSO PAS network consisted of 28 perma-
nent automatic measuring posts. 20 of them 
are situated in the city: in different parts 
of Warsaw, in residential districts of differ-
ent types of building density, various age and 
kinds of greenery, in different building and 
land cover types. 8 loggers are located on the 
outskirts of Warsaw or in small, satellite towns 
(Fig. 1). In each case they are located over 
grasslands of different sizes, only in one case 
– over coniferous, creeping bushes (no. 22). 

On IGSO PAS stations the air temperature 
and humidity HOBO Pro U23-001 and U23-
-002 sensors (Onset Computers Corporation) 
are applied. They are installed 2 m above the 
ground (Fig. 2). Measurements are carried 
out for twenty-four hours, with 10 second 
scanning intervals and stored as 10-minute 
averages. Hourly and daily air temperature 
values are calculated afterwards. 

Figure 2. Pictures of measuring posts: Langego 
(up) and Włodarzewska (down)

Table 1 presents essential information 
of each measuring point and its surroundings: 
the names of the districts or cities and dis-
tance from the centre of Warsaw, which was 
assumed as the Marszałkowska / Aleje Jero-
zolimskie crossroads. The distance varies from 
600 m to almost 37 km. Greenery is described 
by the Ratio of Biological Vital Areas (RBVA), 
i.e. the ratio between the areas covered 
by vegetation or open water (not sealed are-
as) to the plot size (Szulczewska et al. 2014). 
It changes from 4% to 85%. For the points situ-
ated on the specific housing estates, the RBVA 
was calculated for the whole estate of the 
area and varied from 5.1 ha (Włodarzewska) 
to 7.6 ha (Duracza). For other points the lesser 
areas were calculated. 

The intensity of the building development 
is presented through Floor Area Ratio (FAR). 
This is calculated as the area of all building 
contours (Barea) multiplied by the number 
of floors (fn) and divided by total area of the 
plot (Tarea), FAR = Bareafn/Tarea.

For each station, the built type or land 
cover type, corresponding to ‘local climate 
zones’ of Oke (2006), were defined. For exam-
ple: – open low-rise is the open arrangement 
of low-rise buildings (1-3 stories), abundance 
of pervious land cover (low plants, scattered 
trees), wood, brick, stone, tile and concrete 
construction materials; – compact midrise 
means dense mix of midrise buildings (3-9 sto-
ries), few or no trees, land cover mostly paved, 
stone, brick, tile and concrete construction 
materials (Stewart & Oke 2012).

For each point the detailed inventory 
of the greenery, type of surfaces, the heights 
of buildings and horizon limitations was 
done. The inventory elements are presented 
on maps and in descriptive form. The graphi-
cal examples of the inventory of two measur-
ing points located on the left and right side 
of Vistula River, situated on the very centre 
(Hoża) and on the north-east outskirts of War-
saw (Kobiałka) is presented in Table 2. 

For the analysis of the UHI phenome-
non and for the calculations of UHI maps, 
the database was completed by data from 
other measuring stations operated by the 
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Voivodship Inspectorate for Environmental 
Protection (WIOŚ, points 4, 15, 23, 24 and 
35 on Fig. 1), the Institute of Meteorology 
and Water Management (IMGW, point 28 
on Fig. 1) and Laboratory Electronic (LAB-EL, 
point 5 on Fig. 1). 

UHI project 

The expe rience of the IGSO PAS climate 
research group in urban climate studies, 
as well of this dense network of permanent 
microclimatic measures became the Institute 

Table 1. The list of measuring points in the network, their distances from the city centre, Ratio of Biologi-
cal Vital Areas (RBVA), Floor Area Ratio (FAR), built or land cover types according to Stewart & Oke (2012) 
and the operators of the station 

No. Measuring point Distance [km] RBVA [%] FAR
Built types/

Land cover types
Operator

1 Legionowo 20.2 85 0.05 Sparsely built IGSO PAS

2 Dziekanów 20.5 54 0.31 Open low-rise IGSO PAS

3 Izabelin 15.0 82 0.11 Scattered trees IGSO PAS

4 Piastów 12.4 – – Open midrise WIOŚ

5 Reguły 10.9 45 0.35 Large low-rise LAB-EL

6 Powsin 15.1 77 0.10 Scattered trees IGSO PAS

7 Michalin 17.0 83 0.17 Scattered trees 
Open low-rise

IGSO PAS

8 Tłuszcz 36.9 53 0.42 Open low-rise IGSO PAS

9 Kobiałka 14.5 72 0.33 Sparsely built IGSO PAS

10 Kamińskiego 10.9 45* 0.98* Open midrise IGSO PAS

11 Żerań 8.3 55 0.27 Open midrise IGSO PAS

12 Conrada 7.2 60* 1.26* Open high-rise IGSO PAS

13 Zgr. Żmija 6.7 42* 1.02* Open midrise IGSO PAS

14 Duracza 5.9 52* 0.71* Open midrise IGSO PAS

15 Bródno 7.1 – – Open midrise WIOŚ

16 Zacisze 7.2 46 0.66 Compact low-rise IGSO PAS

17 Zielonka 12.5 45 0.40 Open low-rise IGSO PAS

18 Koło 4.7 54* 0.80* Open midrise IGSO PAS

19 Olbrachta 4.8 52* 1.24* Open high-rise IGSO PAS

20 Pańska 8.7 18* 2.50* Open high-rise IGSO PAS

21 Twarda 1.1 4 2.74 Compact midrise IGSO PAS

22 Hoża 0.6 16* 2.23* Compact midrise IGSO PAS

23 Niepodległości 1.2 – – Compact midrise WIOŚ

24 Krucza 1.0 – – Compact midrise WIOŚ

25 Kamionek 5.5 19 1.60 Compact midrise IGSO PAS

26 Sulejówek 17.1 87 0.05 Sparsely built IGSO PAS

27 Włodarzewska 4.7 41* 1.25* Open midrise IGSO PAS

28 Warszawa-Okęcie 8.1 – – Low plants IMGW

29 Langego 5.3 57* 1.19* Open high-rise IGSO PAS

30 Orzycka 6.0 49* 0.95* Open midrise IGSO PAS

31 Bokserska 6.4 59* 0.56* Open midrise IGSO PAS

32 Bernardyńska 5.4 67* 0.72* Open high-rise IGSO PAS

33 Limanowskiego 5.2 65* 0.62* Open low-rise IGSO PAS

34 Augustówka 5.7 67 0.25 Sparsely built IGSO PAS

35 Ursynów 7.9 – – Open midrise WIOŚ

* RBVA and FAR calculated for the whole housing estate of the area from 5.1 ha to 7.6 ha 

WIOŚ – Voivodship Inspectorate for Environmental Protection, LAB-EL – Laboratory Electronics, IMGW – Institute of Meteorology and 
Water Management 
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Table 2. The example of the inventory of two measuring points: land cover, topographic maps, horizon 
limitations of obstacles and the pictures 

Hoża (no. 22) – city centre, compact midrise Kobiałka (no. 9) – outskirts, sparsely built
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input into a UHI project entitled ‘Develop-
ment and application of mitigation and 
adaptation strategies and measures for 
counteracting the global Urban Heat Islands 
phenomenon (UHI)’ implemented through 
the Central Europe Program and co-financed 
by the ERDF. The project was conducted from 
1.05.2011 to 31.07.2014. The UHI Project 
encompasses 8 of the most relevant met-
ropolitan areas and MEGAs (Mega Urban 
Regions) of Central Europe: Bologna-Modena, 
Venice-Padua, Wien, Stuttgart, Warsaw-Łódź, 
Ljubljana, Budapest and Prague. Besides the 
inventory of heat islands in these regions 
(Błażejczyk et al. 2013; Fallmann et al. 2013; 
Busato et al. 2014), several scenarios of heat 
islands after the implementation of lesser 
or bigger possible changes (removing build-
ings, planting trees, green roofs, water bod-
ies) were calculated (Ketterer & Matzarakis 
2014). The project also boosted transnational 
discussion among policy makers, local author-
ities and professionals that develop policies 
and actions for preventing, adapting and 
mitigating the natural and man-made risks 
arising from the UHI phenomenon (http://eu-
uhi.eu/). As a result of these communications 
various important documents were issued, 
among them the Gold Standard for UHI 
evaluation (http://eu-uhi.eu/download/publi-
cations/wp4/WP4.2.3_Gold_Standard.pdf). 

Urban climate of Warsaw 

The microclimatic measurements network 
in Warsaw is applied in the analysis of spa-
tial and temporal characteristics of urban 
climate. Dense network and detailed time 
resolution of data allow for the analysis 
of several aspects of city climate e.g. micro-
climatic differences between different urban 
structures, patterns of air temperature in var-
ious weather types or air masses in different 
parts of Warsaw, episodes of extreme weath-
er events etc. 

The intensity of the urban heat island 
is determined in each of the measuring points 
as the difference of the minimum daily tem-
perature between the considered site to the 

value of the minimum daily temperature for 
the Warszawa-Okęcie airport station (no. 28) 
– hereinafter referred to as the UHI-index. 

The data from the network also allows the 
creation of heat island maps. Maps of urban 
heat island intensity were prepared with the 
use of Esri ArcGIS software, version 10.1. 
For interpolation of measured data the Geo-
statistical Analyst extension was used from 
which the kriging model was applied. The val-
ues predicted by kriging are estimated based 
on the weighted arithmetic mean of surround-
ing samples. This group of methods selects 
the most probable value and gives very good 
results when data have normal distribu-
tion, are stationary, without trends, and the 
number of samples is sufficient (Krivoruchko 
2011). From among the group of kriging mod-
els, linear ordinary kriging was chosen. 

Figure 3 presents the comparison of UHI 
measurement network in 2001 and 2011-
2012 and the area of interpolation and 
extrapolation of data. In 2001, almost half 
of the area of Warsaw was outside the net-
work consisting of 12 measuring points, espe-
cially the western and south-eastern parts 
of the city. In 2011, new stations located 
in the outskirts of Warsaw improved this situ-
ation. Nowadays, most of the city is within 
the interpolation area and only small, subur-
ban parts are outside. 

The most visible and clear result of the 
denser and wider microclimatic measure-
ment network are detailed maps of the UHI-
-index (Fig. 4). In 2001, the average annual 
UHI-index reached 1.0°C in two separate 
‘islands’, one in the city centre and a second 
in the vicinity of the Żerań heat and power 
plant. However, according to the analysis 
of UHI in Warsaw over the years 1981-2011, 
the year 2001 turns out to be the least inten-
sive; the average annual UHI intensity was 
ca. 2°C, whereas in 2001 it was only 1°C. 

The mean picture of urban heat island 
in Warsaw in the years 2011-2012 is entirely 
different. UHI covers most of the Warsaw 
area and is over 2.0° C in the very city cen-
tre. UHI from the years 2011-2012 has a dia-
mond shape which reflects the distribution 

GP_2014_4.indb   497GP_2014_4.indb   497 2014-11-17   11:35:402014-11-17   11:35:40



498 Magdalena Kuchcik • Krzysztof Błażejczyk • Paweł Milewski • Jakub Szmyd

Geographia Polonica 2014, 87, 4, pp. 491-504

of the densest built area. The south-east 
part of Warsaw which is the forest area 
of Mazowiecki Landscape Park is 1.0°C cold-
er than the Warszawa-Okęcie airport station 
(Fig. 4). 

Diurnal changes of UHI or the episodes 
of the most intensive UHI cases are the next 
ways of presenting and analysing urban cli-
mate. For this study, the courses of hourly air 
temperature data from 6 stations distributed 
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on two profiles from the city centre to the 
south outskirts, on the left and right sides 
of Vistula River were chosen. 5-day periods 
from various seasons of 2011 and various air 
masses were selected. 

The left side (west) profile consists of the 
stations: Hoża (no. 22) – from the exact city 
centre, the point is situated in a small court-
yard surrounded by 6-8 floor buildings; 
Orzycka (no. 30) – a housing estate halfway 
from the outskirts to the city centre and Pow-
sin (no. 6) – situated in a clearing in a botani-
cal garden. The right side (east) profile runs 
from Żerań (no. 11) – situated in the vicin-
ity of the heat and power generation plant, 
through Kamionek (no. 25) – a housing estate 
located in the most densely built area of the 
Praga Południe district to Michalin (no. 7) – 
situated in an open low-rise built type, on the 
higher terrace of the valley of the Vistula riv-
er, surrounded by forest. Stations Powsin and 
Michalin are located near the city border. 

5-day periods represent not only four sea-
sons but also different air masses: arctic air 
mass in winter, maritime fresh air in spring, 
subtropical in summer and polar continental 
in autumn. In Warsaw, over the years 1991-
2001, the yearly average frequency of those 
masses was 21% for arctic, 36% for mari-
time fresh air mass, 6% for subtropical and 
11% for continental (Kuchcik & Ożga 2002). 
In 2011, the frequencies were respectively: 
13%, 43%, 6% and 8%. Therefore, the large 
changes concerned the less frequent occur-
rence of arctic air masses and the greater 
frequency of maritime fresh air (Więcław 
2012). 

In February 2011, in arctic air mass, with 
daily maximum air temperatures below zero, 
the east profile was on average 0.5°C colder 
than the west one. UHI intensity, considered 
as the difference of air temperature between 
Michalin and Kamionek on the east side, 
reached 6.4°C while between Powsin and 
Hoża it was 4.9°C (Fig. 5a, 5b). Mean differ-
ences between those stations for the whole 
5-day period are: 1.0°C and 0.6°C. On the 
east side, the clear UHI was seen at night 
on 14-15 February. During the day, about 

noon, a distinct negative UHI, up to 3.6°C 
was observed (outskirts warmer than the 
city). 

Minimum air temperature during the ana-
lysed 5-day period was -17.9°C in Michalin 
and -14.0°C in Powsin, while only -12,4°C 
in Hoża. Despite Michalin and Powsin being 
the same distance from the Vistula river, the 
difference between them was distinct. Point 
Michalin is situated at 95 m a.s.l., on the 
higher terrace of the Vistula valley, in the for-
est’s clearing, in the open low-rise built type 
and is characterised by a great range of air 
temperature, especially its great falls. Point 
Powsin is located on the edge of the moraine 
plain, at 103 m a.s.l., in the clearing in the 
botanical garden. 

In May 2011, in maritime fresh air, in warm 
and sunny weather, the difference between 
the west and east side of Warsaw diminished. 
On both sides, the temperatures were almost 
the same and the warmest were the stations 
situated in the densest built-up areas (Hoża, 
Kamionek). However, heat island intensity 
reached 7.1°C on the west side, where the 
degree of urbanization is higher and 6.4°C 
on the east, less urbanised side. During the 
day, the outskirts exposed to solar radia-
tion became warmer than the shadowed 
city centre by 2.8°C on the east profile and 
2.3°C on the west one. Daily air temperature 
amplitude reached 25.3°C on the east side 
and 21.1°C on the west profile. These chosen 
days give a good example of the reduced 
night cooling of the city centre and decreased 
daily air temperature amplitude in accor-
dance to the decrease of the ratio of biologi-
cal vital areas (RBVA) and increase of Floor 
Area Ratio (FAR). The minimum air temper-
atures were 4.3°C on the outskirts where 
RBVA are 77-83%, and 7.8-8.5°C in the city 
centre where RBVA are only 16-19%. During 
the day, the city centre, with many shadowed 
areas, was slightly cooler than the outskirts 
exposed to the sun. These two processes 
resulted in lower daily air temperature ampli-
tudes by 4.7°C (east side) to 5.7°C (west side) 
in the city centre as compared to the rural 
sites (Fig. 5c, 5d). 
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Figure 5. The air temperature courses on the profiles present the west (graphs on the left) and the east 
(graphs on the right) side of Warsaw in different air mass types and seasons: arctic air mass in winter 
(a, b), maritime fresh air mass in spring (c, d), subtropical air mass in summer (e, f) and polar continental 
air mass in autumn (g, h)
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Subtropical air brought few hot days 
in June 2011. The maximum air temperatures 
were higher on the east profile and reached 
33.5°C, while in the west it was 31.9°C. 
In June, as in May, UHI intensity was signifi-
cantly higher in the west, more urbanized, side 
and reached 7.7°C (the difference between 
Powsin and Hoża) and 5.0°C on the east 
side. The minimum air temperatures were 
11.0-11.5°C on the outskirts and 13.7-13.8°C 
in the city centre. During the day, the city cen-
tre was 1.5°C cooler than the outskirts and 
daily air temperature amplitudes were lower 
by 4°C (Fig. 5e, 5f). 

In October, in polar continental air mass, 
the difference between both sides of the river 
as well as among each of the profiles became 
smaller. The intensity of UHI on the west pro-
file stayed at the level of 7.2°C but on the 
east profile it grew up to 6.9°C. Maximum air 
temperatures were very similar on all points 
and only minimum temperatures differed 
significantly and favoured the warm city cen-
tre. Daily air temperature amplitudes were 
less than half of the value from spring and 
reached only 12.7°C on the east profile and 
11.2°C on the west one (Fig. 5g, 5h).

Summarizing, despite the yearly aver-
age, the UHI-index over 2011-2012 is little 
more than 2.0°C and its maximum values 
exceeded 8.0°C. When comparing the air 
temperature courses from the rural stations 
and those situated in the city centre in differ-
ent air masses – the intensity of UHI reached 
7.7°C. It occurred on the west profile, in sub-
tropical air mass, when the maximum air 
temperature exceeded 30°C and the mini-
mum air temperature in the city centre was 
about 20°C. On the contrary, the negative 
UHI (sometimes called ‘cold lake’), which 
means that the sunny outskirts are warmer 
than shadowed compact city structures, were 
1-2°C higher on the east profile compared 
to the west one.

These are only few examples of using the 
data from the microclimatic network in ana-
lysing the climate of Warsaw, but they show 
the potential for future analysis. 

Conclusions

The research based on the network of auto-
matic microclimatic stations of air tempera-
ture monitoring organised by the climate 
research group from the Institute of Geog-
raphy and Spatial Organization of the Polish 
Academy of Sciences (IGSO PAS) has brought 
much valuable data which allow the deepen-
ing of the knowledge of the Warsaw UHI. This 
dense network of 35 measuring stations rep-
resents various land use units and different 
distances from the city centre. The results will 
also allow for different analyses of the climate 
of Warsaw, from different viewpoints and for 
various purposes. 

While the UHI phenomenon is well known 
as a specific feature of the Warsaw urban cli-
mate, the present study brings new valuable 
information regarding its temporal and spa-
tial variability. The comparison of six stations: 
two situated on the very city centre, two 
on the outskirts and two in the mid distance, 
with different land cover types and city struc-
tures shows the distinct influence of biologi-
cally vital surfaces on thermal regimes. 

The differences of air temperature 
between Michalin and Powsin, situated at the 
same distance from the Vistula River, though 
on opposite sides and in different morpho-
logical units, reflects at least the climatic dif-
ference between the low terrace on the right 
bank of the Vistula river and the high moraine 
plain on the left bank. In a wider perspective, 
these differences could assign the Vistula val-
ley as some stable and clear climatic border 
between west and east part of Mazovian 
Lowland or an even bigger geographical 
region. This suspicion is planned to be studied 
in detail in the future. 

In relation to the issue mentioned above, 
in the succeeding months, some measuring 
sites situated in the west part of Warsaw, 
which are close to each other, are planned 
to be moved closer to the Vistula River and 
to its right side. This reorganized network 
will provide information which can be used 
for better representation of the city structure 
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and for verification of the hypothesis of the 
importance of the Vistula River as the climat-
ic border on the local and regional scale. 

Acknowledgments 

The studies were supported by Central Europe 
Programme of EU, co-financed by the ERDF, 
in the frame of UHI project ‘Development 
and application of mitigation and adaptation 
strategies and measures for counteracting 
the global Urban Heat Islands phenomenon 
(UHI)’.

Editors’ note:
Unless otherwise stated, the sources of tables and fig-
ures are the author(s), on the basis of their own research.

References
ADAMCZYK B., BŁAŻEJCZYK K., BARANOWSKI J., 

KUCHCIK M., 2008. Warunki termiczne aglo-
meracji warszawskiej [in:] K. Kłysik, J. Wibig, 
K. Fortuniak (eds.), Klimat i bioklimat miast, 
Łódź: Wydawnictwo Uniwersytetu Łódzkiego, 
pp. 11-20.

ARNFIELD J., 2003. Two decades of urban climate 
research: a review of turbulence, exchanges 
of energy and water, and the urban heat island. 
International Journal of Climatology, vol. 23, 
no. 1, pp. 1-26.

BARANOWSKI J., KUCHCIK M., ADAMCZYK B., BŁAŻEJ-
CZYK K., 2008. Zróżnicowanie opadów atmosfe-
rycznych w Warszawie i okolicach [in:] K. Kłysik, 
J. Wibig, K. Fortuniak (eds.), Klimat i bioklimat 
miast, Łódź: Wydawnictwo Uniwersytetu Łódz-
kiego, pp. 81-90.

BŁAŻEJCZYK K., 2002. Znaczenie czynników cyrku-
lacyjnych i lokalnych w kształtowaniu klimatu 
i bioklimatu aglomeracji warszawskiej. Doku-
mentacja Geograficzna, vol. 26, Warszawa: 
Instytut Geografii i Przestrzennego Zagospoda-
rowania PAN.

BŁAŻEJCZYK K., KUCHCIK M., BŁAŻEJCZYK A., MILEWS-
KI P., SZMYD J., 2014. Assessment of urban ther-
mal stress by UTCI – experimental and model-
ling studies: an example from Poland. DIE ERDE, 
vol. 145, no. 1-2, pp. 16-33.

BŁAŻEJCZYK K., KUNERT A., 2006. Differentiation 
of bioclimatic conditions of urban areas (the 

case of Poland). 6th International Conference 
on Urban Climate, Göteborg, Sweden: June 
12-16 2006, Preprints: 213-216.

BUSATO F., LAZZARIN R.M., NORO M., 2014. Three 
years of study of the Urban Heat Island in Pad-
ua: Experimental results. Sustainable Cities and 
Society, vol. 10, pp. 251-258.

CHUDZIA D., ROPUSZYŃSKI P., 1999. Automatyczne 
stacje meteorologiczne w badaniach klimatu 
miasta [in:] K. Kłysik (ed.), Klimat i bioklimat 
miast, Łódź: Acta Universitatis Lodziensis, Folia 
Geographica Physica, vol. 3, pp. 495-497. 

ENCYKLOPEDIA WARSZAWY, 1994. Warszawa: 
Wydawnictwo Naukowe PWN.

ENDLICHER W., JENDRITZKY G., FISCHER J., 
REDLICH J.-P., 2008. Heat waves, urban climate 
and human health [in:] J.M. Marzluff, E. Shu-
lenberger, W. Endlicher, M. Alberti, G. Brad ley, 
C. Ryan, C. ZumBrunnen, U. Simon (eds.), 
Urban ecology: an international perspec-
tive on the interaction between humans and 
nature, New York: Springer, pp. 269-278.

EEA, 2007. European Environment Agency. 
CLC2006 technical guidelines. http://www.
eea.europa.eu/publ icat ions/technical_
report_2007_17/at_download/file [6 May 
2013].

FALLMANN J., EMEIS S., SUPPAN P., 2013. Mitigation 
of urban heat stress – a modelling case study 
for the area of Stuttgart. DIE ERDE, vol. 144, 
no. 3-4, pp. 202-216.

GP_2014_4.indb   502GP_2014_4.indb   502 2014-11-17   11:35:402014-11-17   11:35:40



503Urban climate research in Warsaw: the results of microclimatic network measurements

Geographia Polonica 2014, 87, 4, pp. 491-504

FORTUNIAK K., 2003. Miejska wyspa ciepła. Pod-
stawy energetyczne, studia eksperymental-
ne, modele numeryczne i statystyczne. Łódź: 
Wydawnictwo Uniwersytetu Łódzkiego.

FORTUNIAK K., KŁYSIK K., WIBIG J., 2006. Urban-
rural contrasts of meteorological parameters 
in Łódź. Theoretical and Applied Climatology, 
vol. 84, no. 1-3, pp. 91-101.

KETTERER CH., MATZARAKIS A., 2014. Human-biom-
eteorological assessment of heat stress reduc-
tion by replanning measures in Stuttgart, Ger-
many. Landscape and Urban Planning, vol. 122, 
pp. 78-88.

KOSSOWSKA-CEZAK U., 1999. Wpływ rozwoju tery-
torialnego Warszawy na warunki termiczne [in:] 
K. Kłysik (ed.), Klimat i bioklimat miast, Acta 
Universitatis Lodziensis, Folia Geographica Phy-
sica, vol. 3, pp. 51-57. 

KOZŁOWSKA-SZCZĘSNA T., BŁAŻEJCZYK K., KRAW-
CZYK B., 1996. Środowisko fizycznogeograficzne 
– niektóre zagadnienia. Atlas Warszawy, vol. 4,  
Warszawa: Instytut Geografii i Przestrzennego 
Zagospodarowania PAN.

KRIVORUCHKO K., 2011. Spatial Statistical Data 
Analysis for GIS Users. Redlands: Esri Press.

KUCHCIK M., 2003. Topoclimatic conditions at vari-
ous urban structures in Warsaw. Acta Universi-
tatis Wratislaviensis, 2542, Studia Geograficz-
ne, vol. 75, pp. 484-492.

KUCHCIK M., BARANOWSKI J., ADAMCZYK A.B., 
BŁAŻEJCZYK K., 2008. The network of microcli-
matic measures in Warsaw agglomeration [in:] 
K. Kłysik, J. Wibig, K. Fortuniak (eds.), Klimat 
i bioklimat miast, Łódź: Wydawnictwo Uniwer-
sytetu Łódzkiego, pp. 123-128.

KUCHCIK M., OŻGA M., 2002. Katalog mas powie-
trza w Warszawie za lata 1961-1970 oraz 1991-
2001. Documentary file.

LORENC H., MAZUR A., 2003. Współczesne pro-
blemy klimatu Warszawy. Warszawa: Instytut 
Meteorologii i Gospodarki Wodnej – Państwo-
wy Instytut Badawczy.

MAJEWSKI G., PRZEWOŹNICZUK W., KLENIEWSKA M., 
2013. The effect of urban conurbation on the 
modification of human thermal perception, 
as illustrated by the example of Warsaw 
(Poland). Theoretical and Applied Climatology, 
vol. 116, no. 1-2, pp. 147-154.

MAYER H., 1988. Results from the Research Pro-
gram “Stadklima Bayern” for Urban Planning. 
Energy and Buildings, vol. 11, no. 1-3, p. 115-121. 

OKE T.R., 1979. Review of Urban Climatology 
1973-1976. Technical Note 169, Geneva: WMO.

OKE T.R., 1987. Boundary Layer Climates. 2nd edn. 
London: Routledge. 

OKE T.R., 2006. Towards better scientific com-
munication in urban climate. Theoretical 
and Applied Climatology, vol. 84, no. 1-3, 
pp. 179-190.

PAPANASTASIOU D.K., KITTAS C., 2012. Maximum 
urban heat island intensity in a medium-
sized coastal Mediterranean city. Theoretical 
and Applied Climatology, vol. 107, no. 3-4, 
pp. 407-416.

PAPRITZ A., STEIN A., 2002. Spatial prediction 
by linear kriging [in:] A. Stein, F. van der Meer, B. 
Gorte (eds.), Spatial Statistics for Remote Sens-
ing, Dordrecht: Kluwer Academic Publishers, 
pp. 83-114.

PENG S., PIAO S., CIAIS P., FRIEDLINGSTEIN P., OTTLE C., 
BREON F.M., NAN H., ZHOU L., MYNENI R.B., 
2012. Surface Urban Heat Island Across 419 
Global Big Cities. Environmental Science & 
Technology, vol. 46, no. 2, pp. 696-703. 

STEWART I.D., OKE T.R., 2012. Local climate 
zones for urban temperature studies. Bulletin 
of the American Meteorological Society, vol. 93, 
no. 12, pp. 1879-1900.

STOPA-BORYCZKA M., KOSSOWSKA-CEZAK U. (eds.), 
1992. Z badań klimatu Warszawy. Prace i Stu-
dia Geograficzne, vol. 11, Warszawa: Uniwersy-
tet Warszawski. 

STOPA-BORYCZKA M. (ed.), 2003. Studies on the cli-
mate of Warsaw. Warsaw: Warsaw University.

SZULCZEWSKA B., GIEDYCH R., BOROWSKI J., KUCH-
CIK M., SIKORSKI P., MAZURKIEWICZ A., STAŃCZYK T., 
2014. How much green is needed for a vital 
neighbourhood? In search for empirical evi-
dence. Land Use Policy, vol. 38, pp. 330-345.

SZYMANOWSKI M., 2005. Interactions between 
thermal advection in frontal zones and the 
urban heat island of Wroclaw, Poland. Theoreti-
cal and Applied Climatology, vol. 82, no. 3-4, 
pp. 207-224.

GP_2014_4.indb   503GP_2014_4.indb   503 2014-11-17   11:35:412014-11-17   11:35:41



© Magdalena Kuchcik et al.
© Geographia Polonica
©  Institute of Geography and Spatial Organization 

Polish Academy of Sciences • Warsaw • 2014

Article first received • April 2014
Article accepted • July 2014

504 Magdalena Kuchcik • Krzysztof Błażejczyk • Paweł Milewski • Jakub Szmyd

VOOGT J.A., OKE T.R., 2003. Thermal remote sens-
ing of urban climates. Remote Sensing of Envi-
ronment, vol. 86, no. 3, pp. 370-384.

WAWER J., 1997. Urban heat island [in:] M. Sto-
pa-Boryczka (ed.), Nowe metody badań klima-
tu Polski, Prace i Studia Geograficzne, vol. 20, 
pp. 145-197.

WATKINS R., PALMER J., KOLOKOTRONI M., LITTLE-
FAIR P., 2002. The London Heat Island: results 
from summertime monitoring. Building Services 
Engineering Research and Technology, vol. 23, 
no. 2, pp. 97-106.

WIĘCŁAW M., 2012. Katalog mas powietrza w War-
szawie w 2011 roku. Documentary file. 

GP_2014_4.indb   504GP_2014_4.indb   504 2014-11-17   11:35:412014-11-17   11:35:41

http://rcin.org.pl


	Contents of Vol. 87 Issue 4



