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Differences in the duration of thermal seasons and in their 
beginning and end dates reflect both the ‘transient’ characteristics 
of our climate, and changes (fluctuations) in the climate. The 
common division of the year into seasons according to calendar 
months, or into astronomical seasons, does not fully consider the 
specificity of individual seasons in our climatic conditions. The 
division of the year into periods according to their thermal properties 
has long been established as being more appropriate. The idea of 
thermal seasons was originally introduced at the beginning of the 
20th century (Merecki 1915; Romer 1938). The scientists observed that 
six seasons could be identified in Poland using thermal criteria. 
The occurrence of two additional seasons, early spring and early 
winter, was believed to be a peculiarity of the regional climate. 
Some other researchers have taken a phenological point of view 
and approved the division of the year into eight thermal seasons 
(Wiszniewski 1960; Makowiec 1983), whereas Hess (1965) identified as 
many as 10 seasons for mountainous areas. 

Literary sources offer different methods for determining the 
thermal seasons. The widely accepted and most frequently used 
method is based on the identification of the time when the long-
term monthly mean air temperature passes the thermal threshold 
values of 0 °C, 5 °C and 15 °C. This can be achieved with 
calculations, the formulas for which were developed by Gumiński 
(1948), and using graphics with the assumption that the monthly 
mean air temperature is similar to the diurnal mean of the 15th 
day of the month and that each month is 30 days long (Hess 1965). 

On the other hand, Makowiec (1983) proposed a method which 
involves calculating cumulative series of deviations of the mean 
diurnal values of air temperature from threshold values.

However, the point at which the long-term mean diurnal 
value of air temperature passes specific thermal thresholds 
(Stopa 1968) is regarded as the most precise way to determine 
thermal seasons. It turns out that there is a considerable 
difference between the beginning and end dates of thermal 
seasons determined using monthly and diurnal mean values of 
air temperature (Piotrowicz 2002).

The determination of the beginning of a thermal winter and its 
duration is the most challenging, because winter is characterised 
by the greatest variability of climatic properties of all the seasons, 
which is quite the opposite for summer (Hess 1974; Trepińska 1997). 

When determining thermal seasons on the basis of diurnal 
mean values of air temperature, the problem arises of temperature 
values continually exceeding the thermal thresholds. Some 
researchers solve this problem by equalising the courses of 
mean diurnal air temperature by means of algebraic polynomials, 
trigonometric series, or a low-pass symmetrical filter (Nowosad & 
Filipiuk 1998). According to Piotrowicz (2002), such courses should be 
considered a characteristic property of our climate, rather than 
smoothed out. Szyga-Pluta (2011) proposes the calculation of the 
value of mean air temperature in thermally unstable periods as a 
criterion for classifying the period as belonging to the appropriate 
season. 

In her study on the determination of thermal winters, Piotrowicz 
(2002) considered and compared five methods, concluding that 
none of them was fully objective and that the obtained results 
revealed substantial differences. According to Piotrowicz, the 
method based on the calculation of five-day rolling averages was 
the least biased of the analysed methods.
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Abstract
This study determines the approximate duration of the thermal seasons 
in Warsaw, and investigates their long-term variability. The measurement 
data come from the Ursynów meteorological station at the Warsaw 
University of Life Sciences (WULS) (λE 21º02’52’’, φN 52º09’38’’, 102.5 
m a.s.l.), situated in the south of Warsaw, and comprise mean diurnal 
air temperatures for the years 1961–2013. In order to identify thermal 
seasons, the method of five-day rolling averages was applied, which 
revealed a substantial year-by-year variability. The achieved results 
were close to those found by other methods for stations situated within 
the same climatic region. Over the analysed period, winters and springs 
have become shorter, whereas the other two seasons have become 
longer. Nevertheless, the positive trend was only statistically significant 
for thermal summers. The increasing length of the thermal summer in 
Warsaw Ursynów may be due to the influence of urban heat islands in 
built-up areas.
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The aim of the current study was to investigate how the 
timing and duration of thermal seasons changed over the 50-year 
period of air temperature measurements at the WULS Ursynów 
meteorological station, located in Ursynów, the southernmost 
district of Warsaw.

Materials and method 
The measurement data used in this study were sourced 

from the WULS Ursynów meteorological station (λE 21º02’52”, φN 
52º09’38’’, 102.5 m a.s.l.), located in the south of Warsaw, operated 
by the WULS Division of Meteorology and Climatology (Fig. 1). 

The station is situated in an area that was used as agricultural 
land until 1975. From 1975 to 2002 a complex of residential 
estates was built in the vicinity. Furthermore, from 2001 to 2008 
the area of the WULS campus, where the station is now located, 
was substantially developed. The influence of this change of 
land use on the local climate in Ursynów has been addressed 
by Rozbicki & Gołaszewski (2005), Gołaszewski et al. (2007), and Majewski 
et al. (2012, 2014). 

The source material for the determination of thermal seasons 
comprised mean diurnal values of air temperature for the period 
1961–2013, i.e. 52 winters and 52 of each of the other seasons 
of the year. 

In order to identify the thermal seasons, the authors of this 
study applied one of the methods used by Piotrowicz (2002) to 
determine thermal winters. This method involved the calculation 
of five-day rolling averages, equalising the course of the diurnal 
mean of the air temperature by eliminating a series of winter 
days, lasting from one to a few days, that appear at the end of 
October, in November, March or April, but without overlooking 
longer fluctuations (Piotrowicz 2002). The year was divided into six 
seasons, after Romer (1949), on the basis of the following thermal 
thresholds: 0.0 °C, 5.0 °C and 15 °C. The first day that the five-
day rolling average value passed the relevant thermal threshold 

was considered the start date of the season, whereas the last day 
preceding an increase of the five-day rolling average above the 
specific threshold was accepted as the end of the given season.

As the rolling average is assigned to the middle day of a 
five-day series, whenever its value decreased below the relevant 
thermal threshold, the date had to be moved by one or two days, 
as appropriate. Therefore, the use of this method was quite 
laborious. 

Results and discussion
Basic monthly and annual statistics of air temperature values 

provide an overview of the prevalent thermal conditions during 
the period 1961–2012 (Fig. 2). In the analysed period, the mean 
annual air temperature at the WULS Ursynów station was 8.4 
°C and ranged from 6.5 °C (in 1965) to 10.1 °C (in 2000), with a 
mean monthly maximum in July of 19 °C, and the mean monthly 
minimum in January reaching -2.4 °C. All analysed monthly and 
annual periods were characterised by a temporal variability of 
air temperature. Cold months revealed a greater variability as 
compared with warm and transitional months. The highest values 
of standard deviation were observed in January and February 
(3.6 °C and 3.4 °C, respectively), whereas the lowest were 
observed in December and March (2.8 °C and 2.5 °C, 
respectively). In the analysed period, the highest monthly value 
of air temperature was recorded in July 2006 (23.8 °C) and the 
coldest month was January 1963, when the mean air temperature 
did not exceed -12.4 °C.

For the purpose of determining the air temperature tendency 
for individual months during the period 1961–2013, the linear 
trend equations were solved and the values of the trend 
coefficients were determined (Tab. 1). An analysis of the trends 
revealed that monthly mean values of air temperature in January, 
March, April, May, July and August, as well as the annual mean, 
were characterised by a statistically significant change in the form 

Figure 1. Location of meteorological stations in Warsaw, Poland
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of a positive trend. In the other months, there were only (positive) 
tendencies, as the statistics did not reveal significant changes. 
The month with the highest rate of increase in mean temperature 
was January (0.072 °C yr-1). During the period 1961-2013, the 
value of the linear trend coefficient was 0.041 °C yr-1, which 
translates into an increase of the annual mean air temperature in 
Warsaw of approx. 2.1 °C (Tab. 1).

Using the five-day rolling average method, the results of 
calculating the duration of thermal seasons and their beginning 
and end dates were equalised for the entire period 1961–2013 
(Fig. 3 and Tab. 2).

The approximate dates of the beginning and end of the 
thermal seasons in Warsaw (obtained by means of the five-day 
rolling average method) are very similar to those determined by 
Kossowska-Cezak (2005), despite the fact that the author used a 
different approach and analysed a much longer period of 70 years. 
The differences between the obtained results do not exceed 6 
days, except for the early spring season, where the difference 
is 23 days. Yet the start date of early spring as established by 
the authors of this study – 28th February – seems more likely, as 

it is the same as obtained for the city of Łódź by Degirmendžić & 
Kożuchowski (2004), who used the Huculak and Makowiec method. 
The end of the thermal winter and the beginning of the early 
spring period in other regions of Poland also falls in the last days 
of February, namely on the 26th in Poznań (Szyga-Pluta 2011), the 
19th in Zamość (Samborski & Bednarczuk 2009), the 25th in Kraków 
(Piotrowicz 2000) and the 26th in Western Pomerania (Franków 2008), 
even though the different authors used different calculation 
methods and reference periods. The approximated beginning 
of the other seasons, as established by the authors for Warsaw 
during the period 1961-2013, are most similar to those obtained 
in Łódź by Degirmendžić & Kożuchowski (2004). The differences are 
merely 3 days for spring and autumn, 4 days for winter and 5 
days for early winter.

The average duration of winter, determined using the five-
day rolling average method, was 65 days, with variability ranging 
from 0 to 122 days. The last winter of 2012/2013 turned out to be 
the longest and did not end until the 2nd day of April. On the other 
hand, in the 1988/1989 season there was no thermal winter at all, 
according to the applied methodology. The studies of Kossowska-
Cezak (2005), which used data from the Okęcie meteorological 
station in Warsaw, also revealed the absence of a thermal 
winter in the 1988/1989 season. Despite the different location 

Figure 2. Basic statistics of monthly and annual values of air 
temperature in Warsaw during the period 1961–2012 
(WULS Ursynów)

Table 1.

Month Trend
Temperature increase 
over the  52-year-long 

period
I 0.072* 3.7

II 0.045 2.3

III 0.057* 3.0

IV 0.051** 2.6
V 0.044** 2.3
VI 0.024 1.3
VII 0.061** 3.2
VIII 0.054** 2.8
IX 0.021 1.1
X 0.012 0.6
XI 0.018 0.9
XII 0.036 1.9

I-XII 0.041** 2.1

*-statistical significance level 5%   
**-statistical significance level 1% 

Linear trend coefficients and the rate of increase of air 
temperature in individual months in Warsaw during the 
period 1961-2012 (WULS Ursynów)

Figure 3. Mean and extreme lengths of thermal seasons in 
Warsaw during the period 1961-2012/13 (WULS 
Ursynów)

Table 2. 

Season Start 
date

End 
date

Length 
(days)

Mean air 
temperature [°C]

Winter 8 Dec 27 Feb 65 -1.6

Early spring 28 Feb 27 Mar 29 2.2

Spring 28 Mar 25 May 57 10.6

Summer 26 May 9 Sep 110 17.8

Autumn 10 Sep 9 Nov 56 9.6

Early winter 10 Nov 7 Dec 42 2.1

Approximate start and end dates of thermal seasons 
during the period 1961–2012/13 in Warsaw (WULS 
Ursynów)
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of measurement points, the different periods of analysis and 
approaches, both studies share certain regularities: the longest 
winters (100+ days) occurred in the 1960s and were absent in 
the 1970s and 1980s. In Warsaw Ursynów, a winter lasting longer 
than 100 days occurred as late as 1996 and then twice in the 
first decade of the 21st century. The mean standard deviation for 
the length of winter was 31 days, both in Ursynów and Okęcie 
(Kossowska-Cezak 2005). 

Theoretically, one should not compare the results of studies 
conducted in different periods and using different methods. 
However, the authors of this study believe that, since both 
measurement stations are situated in the same climatic region, the 
results should not be significantly different. The average lengths 
of early spring, spring, autumn and early winter determined for 
Warsaw Ursynów hardly differ from those calculated for Warsaw 
Okęcie, ranging from 1 day in spring to 5 days in early spring 
(Kossowska-Cezak 2005). The differences between Warsaw Ursynów 
and Łódź also fall within 2–6 days. As far as the duration of 
winter and summer is concerned, the differences are noticeably 
greater: 10 days and 11 days, respectively. However, in Warsaw 
Ursynów winter was the shortest and summer the longest of all 
the compared stations.

Considering the argument put forward by some climatologists 
that winters are becoming shorter and early springs are becoming 
longer (Samborski & Bednarczuk 2009; Kossowska-Cezak 2005; Skowera 
& Kopeć 2000), the average duration of thermal seasons in the 
individual decades was analysed (Fig. 4). Indeed, this tendency 
can be observed until the end of the previous century. Skowera and 
Kopeć (2000) explain this observation by referring to an increase 
in the advection of air masses from the west in the last 20 years 
of the 20th century. However, developments observed in the first 
decade of the 21st century and at the beginning of the second 
decade have not confirmed this tendency, although the thermal 
summers have become longer.

The authors analysed the trends in the duration of thermal 
seasons from 1961 to 2012/13. The values of the trends show 
a tendency towards shortened winters and springs and a 
corresponding extension of the other seasons (Tab. 3). However, 
only the positive trend of thermal summers proved statistically 
significant, at a level of α=0.05 (Fig. 5). Accordingly, summer was 
extended by approx. 23 days when comparing the data for the 
first and last days of the reference period. In the authors’ opinion, 
this result is an effect of the influence of the urban heat island 
of Warsaw on the measurements of air temperature. This may 
affect a number of other meteorological stations and sites, once 
situated on the outskirts and now surrounded by the infrastructure 
of developing cities, which change the vicinity of measurement 
points. 

The comparison of changes occurring in the air temperature 
at the WULS Ursynów station, carried out by Majewski, Odorowska 
& Rozbicka (2012), Majewski, Przewoźniczuk & Kleniewska (2014),  and 
Rozbicki, Gołaszewski & Łykowski (2005), demonstrated that as 
the surroundings of the station became increasingly built up 
after 1960, the temperature of the air gradually increased, as 
compared with corresponding measurements from the Okęcie 
station, where no substantial changes in the surroundings took 
place (Fig. 1).

The area in which the Ursynów station is situated has been 
extensively transformed over the years. In order to describe the 
changes in the station’s surroundings, a map illustrating urban 
development for consecutive decades of the past 50 years was 
used (Fig. 6). The influence on air temperature is visible in the 
mean monthly and annual temperature differences between the 
Ursynów station and the suburban Okęcie station (Tab. 4). In the 
1960s the surroundings of the Ursynów-SGGW station comprised 
agricultural land. No temperature differences between the stations 
were observed for this decade (Tab. 4). After 1970, housing in 
the Ursynów district was expanded on a large-scale, and after 
2000 the WULS Campus underwent intensive construction in the 
direct surroundings of the station. As a result of this vital urban 
development, the temperature difference between the Ursynów 
and Okęcie stations rose by 0.2 °C on average per decade.

Conclusions
1.	 During the analysed period, it was observed that winter and 

spring have tended to become shorter, whereas the other 
seasons of the year have become longer. Nevertheless, 
only the positive trend of thermal summer was found to 
be statistically significant. The increasing length of thermal 
summer in Warsaw Ursynów is an effect of the influence 
of the urban heat island, as the measurement station is 
located in a built-up area. 

2.	 The decrease in the length of winter was observable until 
the 1990s. In the last two decades analysed by the authors, 
the phenomenon halted. The longest winters (lasting for 98 
days on average) occurred between the years 1961–1970, 
whereas the shortest occurred between 1998–1990. The 
longest summers (lasting for 121 days on average) occurred 

Figure 4. Average duration of thermal seasons for individual 
decades during the period 1961-2012/13 in Warsaw 
(WULS Ursynów)

Figure 5. Average duration of thermal summer in Warsaw during 
               the period 1961-2012 (WULS Ursynów)

Table 3. Trends in the duration of thermal seasons in Warsaw 
               during the period 1961-2012/13 (WULS Ursynów)

Spring Summer Autumn Early 
winter Winter Early 

spring

-0.14 0.45* 0.09 0.06 -0.51 0.17

*- coefficient significant at the level of 0.05
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in the last decade of the 20th century, whereas the shortest 
summers were observed in the period 1961–1970.

3.	 The climate in Warsaw Ursynów over the long-term period 
of 1961–2012/13 was characterised by a substantial year-
by-year variability of the dates and duration of the seasons. 
However, the average dates and lengths of thermal seasons, 
determined using the method of five-day rolling averages, 
proved to be similar to those established by means of other 
methods for stations situated in the same climatic region. 

4.	 The approach based on five-day rolling averages posed 
the biggest methodological problems (as described in 
the Materials and method section) when applied to the 
determination of the duration of winter and early spring. The 
authors believe that the method can be applied to determine 
all seasons of the year; however, with regard to early winter, 
winter or early spring, when the variability of air temperature 
is the greatest, none of the available methods are capable 
of providing satisfactory results. 

Figure 6. Changes to built-up areas in the surroundings of the Ursynów station from 1960 to 2008

Table 4. Monthly mean and yearly mean air temperature differences between the Ursynów and Okęcie stations during the period 
             1960–2008. Note. The data are from, (after Majewski et al. 2012)

Period I II III IV V VI VII VIII IX X XI XII Year

1960–1970 0.1 0.0 0.0 –0.2 0.0 –0.1 0.2 –0.2 0.0 0.0 0.0 0.0 0.0

1971–1980 0.0 0.1 0.4 0.1 0.3 0.2 0.3 0.1 0.3 0.0 0.0 0.0 0.2

1981–1990 0.4 0.3 0.2 0.4 0.4 0.7 0.7 0.3 0.5 0.5 0.4 0.3 0.4

1991–2000 0.4 0.5 0.5 0.7 0.7 0.8 1.0 0.0 0.5 –0.5 1.0 0.4 0.6

2001–2008 0.5 0.5 0.6 0.5 0.5 0.7 0.5 0.6 0.5 0.5 0.1 0.6 0.5
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