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Abstract. Extremes in air temperature are mostly studied with regards to summer period. However, the impor-
tance of above-average temperature in colder parts of the year should be highlighted too, as these extremes
play an essential role for the phenological seasons and may also signalise the impacts of climate change. The aim
of this work was to explore the uniqueness and synoptic background of abnormally warm February and March
2024 in Poland. The results show that during both months the inflow of rare tropical air masses determined the
appearance of the highest temperature. However, the characteristics of the two months were different. During
February, most days displayed the above-average daily mean temperature. In March, on the other hand, ther-
mal situation was more complex. Both frost days and hot days were noted, with extreme minimum temperature
often lower during March than in February. Under current state of knowledge, the results described in the paper
represent very specific anomalies resulting from rare synoptic conditions, yet it is possible that due to climate
change more events of this type will be noted in Poland and Central Europe.
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Introduction

Meteorological and climatic extremes are an integral part of the climate system with its
internal variability and have accompanied people’s lives for centuries (Strupczewski & Gir-
gus, 1965; Girgus, 2022). Nowadays, there are also numerous deviations from long-term
norms, which are better documented because of the increasingly more accurate measu-
rement methods and devices. However, researchers claim that the observed increase
in the number of recorded phenomena is not only related to technological progress (new
types of measuring equipment, more weather stations, wider use of satellite data and de-
velopment of weather reanalyses) but also is a consequence of ongoing human-induced
climate change (Kundzewicz, 20173, b; Karaczun & Kozyra, 2020; IPCC, 2023).

Extreme weather and climate events vary in nature and duration. Some of them occur
suddenly and last for a few hours or even a few minutes. Such events are usually refer-
red to in the literature as “meteorological phenomena” or “weather phenomena”. These
include, for example, violent downpours, storms, strong wind gusts, tornadoes and fog.
Also, some longer events, with a duration of few days or even few months can be called
“weather phenomena” when they exhibit the above-average or below-average values
of certain weather characteristics. Some of the examples include heat and cold waves or
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droughts. Meteorological phenomena often cause difficulties in everyday life, including
material losses and paralysis in transport and energy supply (Piotrowicz et al., 2020).

This article focuses on an extreme meteorological phenomenon in the form of above-
-average air temperature that were noted in Poland in February and March 2024. Despite
being a very interesting research case, winter and early spring warms spells are rarely
getting attention in studies. They may not produce outcomes as disastrous as summer
heat waves, but their importance is indisputable, especially for agriculture, as they may
cause premature flourish of crops which then become easily susceptible to dangerous
ground frosts. Also, winter sports, such as alpine skiing, are heavily affected by excep-
tionally warm periods in February and March. The choice of this particular study period,
consisting of two months in 2024, was made in order to verify the frequently-published
media information about their high thermal extremity and explore the background of this
situation. The results allow for a better understanding of the causes of thermal extre-
mes in the current Polish climate and may serve as a reference point for future analyses
of exceptional weather events and their impacts on economy, ecology and nature.

Literature review

The literature on extreme meteorological phenomena is extremely rich. This issue is ad-
dressed in particular by the Intergovernmental Panel on Climate Change (IPCC) research
group in its reports on the causes and effects of climate change in the world. The last
of them contains the entry: “Human influence was very likely the main driver of these
increases (increases in the number of extreme phenomena — author’s note) since at least
1971. Evidence of observed changes in extremes such as heatwaves, heavy precipitation,
droughts, and tropical cyclones, and, in particular, their attribution to human influence,
has further strengthened since AR5” (IPCC, 2023, p. 5). For this reason, extreme phe-
nomena are studied by numerous authors from around the world, also in the context
of climate change (e.g. Tangborn, 2003; Fonseca et al., 2016; Caloiero, 2017; Feng et al.,
2018; Xie, 2022), There is no shortage of regional works as well, e.g. covering the whole
of Europe (de Bono et al., 2004; Benison et al., 2007; Pellegrini et al., 2007; Ballester et al.,
2010; Russo et al., 2015; Twardosz & Kossowska-Cezak, 2015, 2016; Kossowska-Cezak
& Twardosz, 2016; Guerreiro et al., 2018).

In relation to Poland, research is carried out both for the entire country (i.e., for all
synoptic stations operating in Poland) and for selected regions and cities. Among the most
recognized researchers of extreme weather and climate phenomena are: Wibig (2007,
2009a, b), Krzyzewska (2010, 2014), Krzyzewska & Wereski (2011), Kuchcik (2006a, b),
Kossowska-Cezak (2010a, b), Kossowska-Cezak & Skrzypczuk (2011), Kossowska-Cezak
& Wawer (2014), Kossowska-Cezak & Twardosz (2016), Kossowska-Cezak et al. (2016),
Piotrowicz (2005), Piotrowicz et al. (2020) and Tomczyk et al. (2018, 2019). Examples
of research in this field include a work by Zimnol and Bielec-Bgkowska (2019), who stud-
ied the occurrence of warm and cold days in Poland in the years 1966-2017. Having based
their definition of warm days on the deviations of daily maximum temperature from the
multi-year mean maximum temperature of that day, they extracted the above-average
warm winter spells. Their number was small, amounting to about 2.9 to 4.3 spells per
year. However, in almost all cases, winter warm periods appeared more frequently in Feb-



Thermal extremes in February and March 2024 in Poland and their synoptical background 397

ruary and March than in December and January. Especially many sequences of warm
days were noted in Swinoujécie in February. The authors also indicated that the number
of warm spells in winter and early spring was increasing over the years, but the ten-
dencies were not strongly pronounced (the most significant ones being 0.36 in Rzeszow
in December and 0.31 in Suwatki in March). The rise in the number of winter warm spells
was also noted in a study by Tomczyk et al. (2019). These authors used percentile method
to estimate the number of winter warm spells in the years 1966/67 to 2015/16 and sepa-
rated around 3-5 of them per 10 years. The study focuses on Central Europe and provide
an atmospheric circulation background for the observations. The results show that warm
winter spells are connected with a more active and intensive baric system in Europe and
a south-western advection. Also, before winter warm spells, positive anomalies in geopo-
tential heights were observed, the greatest recorded at 250 hPa.

In the above-mentioned literature, the definition of “extreme phenomenon” is not
clear. In colloquial understanding, “extreme” means “rarely encountered in a given place,
time and conditions”. The limit of “extreme” or “anomalous” can be defined in many dif-
ferent ways. One of the methods most often used by researchers are percentiles, which
provide information about the percentage of phenomena that fall below, or reach above,
a certain threshold (Benison et al., 2007). The threshold for an extreme phenomenon is
often defined as the 5th and 95th percentile (approach used by IPCC and the Polish Insti-
tute of Meteorology and Water Management — National Research Institute IMGW-PIB),
although depending on the nature of the research and the phenomenon under consid-
eration, other limits are also encountered, e.g., 90th and 10" or 99th and 1st percentile
(Benison et al., 2007; Krzyzewska, 2014; Sulikowska et al., 2016; Tomczyk et al., 2019).
Another way to define extreme is to determine the probability of a given phenomenon
occurring using a time interval. For example, a “hundred-year frost” means frost occur-
ring at an approximate rate of one event every hundred years. This approach is particular-
ly popular in hydrology, where the estimated frequency of flood events is determined. It
is also possible to determine extremes based on standard deviations (usually thresholds
of 20 or 30 are used).

In some situations, especially in relation to heat and frost waves, relative thresholds
are abandoned in favour of absolute thresholds, set at a constant level. For example,
Kossowska-Cezak (2010a, b), Koztowska-Szczesna et al. (2004) and Tomczyk et al. (2018)
define a heat wave as a sequence of at least three days during which maximum temper-
ature exceeds 30°C. Another case are record-breaking values. By definition, they have
the characteristics of an extreme phenomenon, as they are the maximum or minimum
values of a given parameter in a specific time period. As a rule, record-breaking values are
defined in relation to the so-called normal periods — multi-year periods adopted in clima-
tology as reference intervals. The currently used normal period is 1991-2020.

Studies on above-average air temperature most often refer to the summer period.
The number of hot and very hot days is discussed, as well as the causes and effects of heat
waves when the maximum daytime temperature exceeds 30°C. However, cases of extre-
mely (above average) high air temperature during astronomical winter are extremely
rarely discussed. This is because air temperature values achieved in summer are much
higher, and the effects of long-term summer heat waves can be extremely severe for
both humans and the environment — for example, the estimated number of victims of the
2003 heat wave was between 20,000 and 70,000 people across Europe (Robine et al.,
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2008; Barriopedro et al., 2011; Christidis et al., 2015; as cited in Russo et al., 2015). The
importance and threats associated with summer heat waves should be emphasized, but
extremely warm winter and early spring events also have their consequences. Early bre-
eding of birds and other animals (Belik & Beuch, 2019), as well as the faster proceedings
of phenological phases, can have vital impacts — not only for our ecosystems, but also for
agriculture, leading to substantial losses in crops when after a warm spell a recurrence
of frost days is observed (Wegrzyn, 2008; Mager & Kepinska-Kasprzak, 2016; Xie, 2022).
Other areas of life affected by abnormally warm late winters and early springs are winter
sports and tourism, such as skiing, skitouring and snowboarding. These extreme weather
events can also be seen as a sign of ongoing climate change and a prediction of future
standard conditions in that part of the year (Tangborn, 2003; Twardosz & Kossowska-Ce-
zak, 2016). This study aims to fill the research gap in the field of recognizing the nature
and determining the synoptic causes of the occurrence of anomalously high air tempera-
ture values in winter and early spring. The analysis is based on a case study of the extre-
mes recorded in February and March 2024 in Poland.

Data sources and methods

The main part of the analysis is based on the use of meteorological and climatic data,
which included daily and monthly maximum air temperature values, monthly mean tem-
perature values and mean monthly temperature anomalies from the years 1951-2024
(the period 1991-2020 was used as a reference period). The data was obtained for all
synoptic stations in Poland from the official sources of IMGW-PIB, namely the websites
imgw.pl, klimat.imgw.pl and cmm.imgw.pl, monthly Polish Climate Monitoring Bulletins
(Biuletyny Monitoringu Klimatu Polski), as well as archival data available at danepubliczne.
imgw.pl. As of 2024, 58 synoptic stations are in operation in Poland. They are dispersed
throughout the country and in all main landforms of Poland: the coastland, the lake dis-
trict, the lowlands, the highlands, the Subcarpathia and the mountains — Carpathians and
Sudetes. However, historic data from the period 1991-2020 is only available for 56-57 sta-
tions, depending on the parameter, which is due to changes in location and/or the cate-
gory of the station. Supplementary to the temperature data, synoptic maps of Poland and
baric topography maps over Europe for levels 850 hPa, 500 hPa and 300 hPa were used.
The former were obtained from IMGW-PIB resources (danepubliczne.imgw.pl), while
the latter were accessed via the archive service of German Weather Service (Deutscher
Wetterdienst), available at https://www.wetter3.de/archiv_gfs_dt.html and based on GFS
(Global Forecast System) numeric model.

As an auxiliary research method and data source, two calendars of synoptic situ-
ations were used in the research — the modified Litynski calendar (Pianko-Kluczynska,
2007, 2018) and Niedzwiedz calendar (NiedZzwiedz, 2020). The Litynski calendar is used
by IMGW-PIB in its studies. It covers the entire area of Poland. The circulation types were
created based on three classes in each of the three indicators (zonal Ws, meridional Wp
and air pressure Cp), resulting in a distinction of 27 circulation types. The Ws and Wp
indices are calculated based on the differences in atmospheric pressure between meri-
dians 40°-65°N and parallels 0°-35°E. A detailed description of this classification can be
found, among others, in Nowosad (2019), in which paper the researcher also discusses
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the shortcomings of the calendar. They include: partial basing on reanalyses, averaging
pressure values over a fairly large area and dividing the values always into 3 classes, which
may result in the “middle” class containing values that actually represent one dominant
geostrophic wind direction. Nevertheless, the Lityriski calendar of synoptic situations is
a convenient tool for conducting circulation analyses. Its use by IMGW-PIB allows for
an easy access to current data, as well as to data from the reference period 1991-2020,
but obtaining archival data for single years is difficult, as IMGW-PIB does not share it with
the users on any official platform.

The Niedzwiedz calendar of synoptic situations, unlike the Litynski calendar, is not uni-
versal for the entire country — it only covers the area of southern Poland between meri-
dians 18 and 24°E and parallels 49 and 51°N. The calendar relies on the manual typology,
created on the basis of synoptic maps of Europe (Niedzwiedz, 2017). In the basic version,
it distinguishes 21 types — 8 directional cyclonic types, 8 directional anticyclonic types,
as well as a high-pressure centre, a low-pressure centre, a high-pressure wedge, a low-
-pressure bay and an unspecified type, i.e., a baric saddle or a day with a very dynamic
change of the synoptic situation. It is also possible to use a simplified version of the ca-
lendar, in which adjacent types are combined to create 11 divisions. Another interesting
feature of this calendar is that the author provides the notes on which types of air masses
prevailed in the southern Poland during each day up to 03/11/2018, which was useful
in determining the frequency of air masses’ inflows over Poland. The calendar of circula-
tion types for southern Poland for the period 01/09/1873-14/10/2017 is available on the
website of the University of Silesia. To obtain data for later years, the researchers may
contact the calendar’s author personally. Due to the public availability of historical data,
as well as transparency and ease of interpretation, the information from this calendar was
included in the analysis as part of this study.

Due to the lack of access to full historical data from the modified Litynski calendar,
some of the synoptic analyses of record warm months from previous years are based
solely on the classification of synoptic situations included in the NiedZwiedz calendar. The
author is aware of the spatial inconsistency of this calendar with the assumed research
area, as well as other imperfections characteristic of both calendars used in this study.
Therefore, the types of circulation were cross-checked with the synoptic maps of Poland
issued by IMGW-PIB. Also, the backward trajectories of air masses advection calculated
at 850 hPa height for Potsdam, Eastern Germany, were used as a reference to air mass tra-
jectories stated in the circulation calendars. The backward trajectories are based on the
GFS reanalysis and were obtained via the archive service of German Weather Service
(Deutscher Wetterdienst, 2024). The choice of German data rather than calculating spe-
cific backward trajectories for Poland, for example via the Hysplit model, was made taking
into account the easy access to data and the possibility to flicker through subsequent days
without the need to generate separate images. Still, despite the use of auxiliary data, the
analyses of synoptic situations contained in this study should be treated rather as a gene-
ral background for the presented thermal extremes than an in-depth and detailed explo-
ration of the circulation patterns.
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Results
Exceptionally warm February 2024

According to preliminary estimates of CMM IMGW-PIB (Centre for Meteorological Mo-
delling), February 2024 was the warmest February in the history of modern measure-
ments in Poland, i.e., since 1951. The average air temperature calculated from all synoptic
stations reached 5.8°C, which is an anomaly of +5.9°C compared to the average Febru-
ary temperature of the 1991-2020 period, -0.1°C. (IMGW-PIB, 2024a). The average air
temperature in February was clearly higher not only compared to the long-term average
temperature for February, but also to the long-term average for March, which is 3.1°C
(IMGW-PIB, 2024b). The anomalies at individual stations ranged from +3.3°C in Hel (ave-
rage air temperature over the long term 0.7°C, in 2024 4.0°C) to +7.5°C in Krosno (avera-
ge temperature over the long term -0.9°C, in 2024 6.6°C). In general, the further to the
south-east of the country, the greater positive temperature anomalies were observed
(Fig. 1). They exceeded 7°C at 6 stations and 6°C at 26 stations, which in total constitutes
the majority of the 58 synoptic stations managed by IMGW-PIB.

According to the classification of Mietus et al. (2002), this month in Poland, both
as a whole and in all physico-geographical regions (coastlands, lake districts, lowlands,
highlands, Subcarpathia, Sudetes, Carpathians), should be classified as extremely warm,
i.e., above the 95th percentile of deviation from the average of years 1991-2020. Previo-
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Fig. 1. Air temperature anomalies in Poland at synoptic stations in February 2024 in relation to the period 1991-2024.
Source: CMM IMGW-PIB (2024).
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usly, such situation occurred only twice: in 1990 and 2002 (Biuletyn Monitoringu Klimtu
Polski, 2024a). At that time, anomalies at synoptic stations reached: in 1990 from +3.9°C
on Kasprowy Wierch to +6.2°C in Mikotajki and Suwatki and in 2002 from +2.7°C on Sniez-
ka to +4.8°C in Biatystok. So, up to this time, the anomaly of +7°C has never been exceeded
in February, and an anomaly greater than +6°C occurred only in 1990 at two stations. This
shows the unprecedented nature of the phenomenon we faced in Poland in 2024.

It is worth emphasizing that the largest temperature anomalies in 1990 and 2002
concerned the north-eastern and eastern parts of the country — including stations like
Biatystok, Mikotajki and Siedlce. In 2024, the largest temperature anomalies were recor-
ded in the south-east and the south —in Krosno, Tarndw, Rzeszéw and Nowy Sgcz. On this
basis, it can be concluded that the synoptic situation prevailing in February in Poland was
different from the previous years. In the period 1991-2020, the dominant directions of air
masses’ advection in February were: north-west (approx. 16.5% of cases) and south-west
(approx. 14% of cases) according to the modified Litynski calendar of circulation types
(Biuletyn..., 2024a) or west (approx. 23%) and south-west (approx. 12.5%) according
to the NiedZwiedz calendar of circulation types for southern Poland (Niedzwiedz, 2020).
The total share of circulation from the western sector (NW-W-SW directions) is about
42.5% according to the modified Lityrski calendar and about 47.5% according to the
Niedzwiedz calendar. Therefore, it can be assumed that during approximately half of the
days in February we will experience an inflow of air from the west over Poland. Advection
directly from the north accounts for approximately 6% (Niedzwied?) to 7% (Litynski) of ca-
ses. In turn, in the case of advection directly from the south, there are significant discre-
pancies among calendar authors — in NiedZwiedz? it is only about 3.7% of the cases, while
the modified version of Lityriski calendar gives the value of about 10.5%. The share of the
eastern sector (NE-E-SE directions) in both calendars is much smaller than that of the
western sector — in Litynski it is approximately 32.5%, while in NiedZzwiedz only 19%. Pio-
trowski (2023), who developed his own system of separating circulation types and used it
to explore variability of atmospheric circulation in Poland in the period 1951-2020, states
that for the central Poland, during February, advection directly from the north amounts
to about 12% of all types’ frequency, advection from the south —to 8%, from the eastern
sector (NE-E-SE) — to 20% and from the western sector (NW-W-SW) — up to 60%. Inconsi-
stencies in these values are a natural consequence of differences in the calendars’ struc-
ture and their spatial scope, but the general patterns remain roughly the same.

By comparing the average frequency of air masses’ advection from different directions
in February in the reference period with the frequency recorded in the years when the
largest positive air temperature anomalies occurred, it is possible to obtain information
about the circulation peculiarities of these periods and then, basing on them, to seek the
causes of the anomalies. In winter, air usually flows into Poland from the west and north-
-west as a so-called polar maritime air. Sometimes, the polar air flows inside the country
from the south-west or even from the south, drawn to Poland through Mediterranean
Europe via the atmospheric lows located in the Atlantic or western Europe. Such masses
are then called “polar maritime warm” because they are associated with an increase in air
temperature. In turn, cold arctic and polar continental air masses reach Poland usually
from the north, north-east and east. Especially the latter herald a significant drop in air
temperature, even below -20°C. The least frequently arriving air masses are tropical mas-
ses — of a maritime or continental nature. They flow over Poland mainly from the south
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and south-east and contribute to a significant increase in air temperature, even to several
degrees above zero.

In 2024, according to the modified Litynski calendar, situations with advection from
the south prevailed. As many as 6 days with circulation from the south, 5 days with circu-
lation from the south-west and 4 days with circulation from the south-east were recorded
— which constitutes a total of 15 days with circulation from the southern sector, more
than half of the days in the analysed month. The share of meridional circulation should
therefore be described as above average. On the other hand, air masses from the north-
-west, north and east were characterized by a significantly lower-than-average frequency.
The backward trajectories observed in Potsdam prove that air masses were coming mo-
stly from the western sector (polar maritime air), with almost complete absence of the air
masses from the east (polar continental air) and a rare occurrence of masses originating
from the north (arctic air) (Deutscher Wetterdienst, 2024). This allowed the presence
of very high air temperature in most parts of Poland — also in the north and east of the
country, where the influence of frosty continental polar air masses in winter is usually
strong. However, comparing the situation in 2024 with that in 2002, when the eastern
and north-eastern parts of Poland noted the highest positive anomalies, it was the frequ-
ent inflow from the south that made the south-eastern part of Poland the warmest during
February 2024. According to the NiedZwiedz calendar, the dominant direction of air mas-
ses’ advection in 2002 was west, especially in the cyclonic subtype. Overall, 12 days of we-
stern cyclonic advection were noted, 5 days of western anticyclonic advection, 4 days
of south-western anticyclonic advection, 2 days of north-western cyclonic advection and
1 day of south-western cyclonic advection. This means that advection of air masses from
the western sector was present during 24 of the 28 days of the month. Only one day was
characterised by advection directly from the north and no day with advection from the
south or east was recorded. According to the author of the calendar, arctic air flowed over
Poland for 6 days in February 2002, while polar continental air did not reach the country
at all. Therefore, due to the simultaneous lack of inflow of air masses from the south, the
highest positive air temperature anomalies were observed in the northern and north-
-eastern Poland, usually dominated by the cold continental advection. A similar situation
occurred in 1990. During 24 days, a circulation from the western sector prevailed, most
often the western anticyclonic type. This means that the weather in Poland was shaped
primarily by stable high-pressure centres drawing maritime polar air over the country. No
day with an inflow of arctic, polar continental or tropical air was observed then.

The genesis of above-average air temperature values in February 2024 was therefore
different than in the previous cases of exceptionally high temperature during this month.
This was due to the unusually large frequency of the air masses’ inflow from the southern
sector. According to the research of Wiectaw (1999), tropical air masses over Poland oc-
cur with an average frequency of 1.5-2% of days per year. They can be observed mostly
in October and at the turn of May and June, while from November to the end of February
their frequency is very low. Similar findings are presented in a recent study by Bartoszek
and Kaszewski (2022), in which the frequency of tropical air masses is estimated for aro-
und 3% in July and almost zero in January and February (Fig. 2). This shows what a pheno-
menon February 2024 was in terms of circulation. According to IMGW-PIB synoptic maps,
in the first half of the month the western circulation clearly dominated over Poland, with
warm and transformed polar maritime air masses shaping the weather in the country.
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This allowed the average daily air temperature to remain above zero. However, the path
to the inflow of warmer air from the southern Europe opened several times — especially
on February 10-12. During this time, the parallel arrangement of isobars over Europe was
disturbed by a low-geopotential saddle spreading over the western part of the continent
from the low geopotential centre over the Arctic and a high-geopotential wedge that was
connected with a high from over Egypt and took over most of the Central and Eastern
Europe. Between these two strong systems arose large differences in geopotential va-
lues, which was especially well pronounced at 500 hPa and 300 hPa levels. Backward
trajectories from Potsdam show that the strongest inflow of southern air was noted there
on February 11. Another period with the southern inflow of air masses took place during
February 16 to 17. Another high-geopotential wedge, small but visible even on the height
of 300 hPa, appeared in Europe, influencing the weather mostly in Central Europe. Data
show that on 300 hPa, the warmest period was February 10-11, while on 500 hPa, more
above-average warm periods could be distinguished. These were: February 3, Febru-
ary 9-11, February 16-17. All of these periods are characterised by very strong contrasts
of geopotential values between the northern and southern parts of Europe (Deutscher
Wetterdienst, 2024).

Subsequently, the temperature over Poland remained quite variable, but rather high,
as drops below zero were rarely observed. It was only on February 27 that the warmth
returned to the country. During that day, the occurrence of tropical air masses over Po-
land was recorded. They reached mainly the southern and eastern parts of the country
because of an atmospheric front that ran through Poland, blocking the inflow of tropical
air towards the north and west and resulting in significant thermal contrasts within the
country. However, due to the ongoing reconstruction of the barometric situation over
Europe at that time, air temperature differences in Poland gradually became even. On the
last day of the month, February 29, after the passage of the cold front, the entire coun-
try once again became susceptible to tropical airflow. The increase in air temperature
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Fig. 2. Average number of days (in months) with tropical air masses in Poland and their 95% confidence intervals
Source: Bartoszek & Kaszewski (2022, p. 8220).
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and geopotential values was clearly visible even on 850 hPa. On higher baric levels, i.e.,
500 hPa and 300 hPa, this increase took place a little bit earlier, around February 22-23
(Deutscher Wetterdienst, 2024).

February 2024 was not entirely a homogeneous period in terms of air temperature
— the synoptic situation favoured the occurrence of differences between stations. In the
case of synoptic stations located in central, southern and eastern Poland, the highest air
temperature was recorded on February 27, when the inflow of tropical air was observed
in these regions of the country. Heat records were broken at 21 stations (including Wto-
dawa, where an even higher air temperature was recorded the next day). The highest air
temperature was noted in Tarndw, where the maximum thermometer reached 19.1°C.
The previous record for maximum temperature in February at this station was 18.2°C,
recorded on February 25, 2008. At two stations (Wtodawa and Lublin), new heat records
were established the next day, on February 28. In turn, in northern and western Poland,
the warmest day was February 16, the one after the passage of the warm front from the
south to the north, and before the cold front arrived from the west. The heat records
were broken that day in teba, Olsztyn and Ketrzyn (in the case of Olsztyn and Ketrzyn,
similarly as in Wtodawa, another record was established later in the same month —in both
cases on February 26), but many stations, such as Chojnice, Suwatki, Biatystok, Lebork and

Table 1. Synoptic stations where the heat records from the period 1990-2021 were broken in February 2024

Station Maximum T__ in 2024 Date Previous maximum T__ Date
Tarnow 19.1 27.02.2024 18.2 25.02.2008
Rzeszéw 18.6 27.02.2024 17.2 25.02.2008
Zamos¢ 17.9 27.02.2024 15.3 22.02.1998
Krosno 17.8 27.02.2024 15.3 25.02.2008
Czestochowa 17.7 27.02.2024 16.1 24.02.2008
Katowice 17.7 27.02.2024 16.2 24.02.1997
Krakéw 17.7 27.02.2024 16.8 24.02.2008
Bielsko-Biata 17.6 27.02.2024 17.1 27.02.1994
Lesko 17.4 27.02.2024 15.9 03.02.2019
Kozienice 17.0 27.02.2024 15.1 21.02.1998
Racibdrz 16.8 27.02.2024 16.2 27.02.1994
Sulejéw 16.6 27.02.2024 15.1 24.02.2008
Warszawa 16.5 27.02.2024 14.3 17.02.2020
Kielce 16.5 27.02.2024 15.6 24.02.2008
Wtodawa 16.5 28.02.2024 14.5 28.02.2017
Lublin 16.2 27.02.2024 135 22.02.1998
Terespol 15.9 27.02.2024 14.9 28.02.2017
todz 159 27.02.2024 14.8 24.02.2008
teba 14.9 16.02.2024 14.6 17.02.2020
Siedlce 14.7 27.02.2022 14.2 17.02.2020
Mtawa 14.1 27.02.2024 11.8 17.02.2020
Ptock 14.1 27.02.2024 135 05.02.2004
Ketrzyn 135 26.02.2024 11.8 19.02.2019
Olsztyn 13.0 26.02.2024 12.6 09.02.2001

Source: author’s own work based on Dane Publiczne IMGW-PIB (2024) and Klimat IMGW-PIB (2024).
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Torun, came very close to the maximum values recorded in previous years. In total, during
February 2024, heat records were broken at 24 of IMGW-PIB synoptic stations (Table 1).
The largest differences between the previous and new records occurred in Lublin (2.7°C),
Zamos$¢ (2.6°C) and Krosno (2.5°C).

Exceptionally warm March 2024

March 2024 was, like February, the warmest March in the history of IMGW-PIB measure-
ments. The average air temperature in Poland reached 6.7°C, which is 3.6°C higher than
the average for the period 1991-2020 (IMGW-PIB, 2024b) and only 1.9°C lower than the
long-term average for April (IMGW-PIB, 2024c). The range of anomalies for individual sta-
tions was between +2.4°C in Hel (5.1°C in 2024 compared to 2.7°C in the 1991-2020 pe-
riod) to +4.7°Cin Jelenia Gdéra (7.6°Cin 2024 compared to 2.9°Cin the 1991-2020 period).
The highest anomalies occurred in the south-western and southern Poland (Fig. 3). The
anomaly values were slightly lower than in February, but still significant. Within 13 sta-
tions, the measured anomalies were higher than +4°C. Anomalies higher than +3°C were
recorded at all synoptic stations — except for Hel.

According to the classification of Mietus et al. (2002), March 2024 should be referred
to as extremely warm, i.e., above the 95th percentile of deviation from the average tem-
perature of years 1991-2020, both in the whole country and in all physico-geographic re-
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Opracowano na podstawle danych cperacyjnych ze stac]i synoptycznych. R \ MODELE
Prezentowane wartosci w procesie kontroli | weryfikacji moga ulec zmianie N | IMGW-PIB
Wartos< anomalil obliczona wzgledem normy dla calego miesiaca o

Wizualizacja danych: dr Alan Mandal modele.imgw.pl

Fig. 3. Air temperature anomalies in Poland at synoptic stations in March 2024 in relation to the period 1991-2024.
Source: CMM IMWM-PIB (2024).
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gions (coastlands, lake districts, lowlands, highlands, Subcarpathia, Sudetes, Carpathians).
In the history of measurements such situation has occurred, as in February, twice: in 1990
and in 2014 (Biuletyn Monitoringu Klimtu Polski, 2024b). During these months, the ano-
malies at synoptic stations reached: in 1990 from +2.5°C in Sniezka to +4.1°C in Mikotajki
andin 2014 from +2.0°C in Hel to +4.8°C in Stubice. This means that although the absolute
highest anomaly of the average monthly air temperature occurred in 2014, in 2024 more
stations reached very high air temperature values — hence the average temperature cal-
culated for all synoptic stations in Poland became record-breaking.

In March during the reference period the dominant directions of air masses’ advec-
tion were north-west (approx. 18%), west (approx. 13%) and north (approx. 13%) (Biu-
letyn..., 2024b), according to the modified Litynski calendar of synoptic situations. The
least frequent air inflow to Poland came from the north-east (approx. 7%), south (approx.
8%) and south-east (approx. 8%). In total, the western sector (NW-W-SW directions) was
responsible for around 43% of the frequency of air masses’ inflow over Poland. This amo-
unts to 13 days a month with air flow from the western sector and only about 8 days
with air flow from the eastern sector (NE-E-SE). The inflow of air from the south lasted
on average for about 5 days a month, and the inflow from the north — for 3 days. For
about 2 days, a synoptic situation with no specific direction of air mass inflow prevailed.
In the case of the NiedZwiedz calendar (Niedzwiedz, 2020), in the years 1991-2020, the
inflow from the western sector accounted for 39.3% of cases (approx. 12 days), from the
eastern sector — 22.7% (approx. 7 days), from the north — 7% (approx. 2 days) and inflow
from the south — 3.7% (approx. 1 day), and days with no uniform direction of air inflow,
i.e. situations when a high pressure centre or low pressure centre, a high pressure wedge,
a low pressure bay or an undefined situation occurred in southern Poland, constituted
27.3% of all situations (approx. 8.5 days). Both calendars agree that the inflow of air from
the western sector dominates in March, while the inflow directly from the north and so-
uth is rare. According to the NiedZzwiedz calendar, the type of advection most frequently
appearing in March in the 1991-2020 period was type Ka — a high-pressure wedge, and
the second most common type was Bc — a low-pressure bay. The third most frequent
circulation type was the western cyclonic type. The dominance of Ka and Bc types proves
the high variability of weather in March and the dynamics of the synoptic situation, which
is marked, among others, by numerous front crossings.

In 1990, which was the second warmest March in the history of measurements, the
most common circulation types according to NiedZwiedZ were: western anticyclonic
(7 days), north-west anticyclonic (6 days), high-pressure wedge (6 days). This proves the
dominance of high-pressure weather over Poland, with the inflow of mainly polar mariti-
me air masses, sometimes warm or transformed. However, usually when a high-pressure
wedge is stationed over Poland, continental air flow over the south of the country. Polar
continental air masses were present over southern Poland for approximately 8 days. The-
refore, in March that year the warmest parts of the country were generally the southwe-
stern, western and northern Poland, where continental polar air did not reach. The highest
average air temperature was measured then in Opole, Legnica and Stubice (7.7°Cin each),
and the highest deviations from the long-term average — in Mikotajki and Suwatki. The year
2014, inturn, clearly contrasted synoptically with 1990. The inflow of air from the east with
anticyclonic circulation had the dominant share (7 days). Also relatively often, air flowed
from the north-west during cyclonic circulation (5 days). The subtype with the highest fre-
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guency in March 1990, i.e., Wa, appeared only once in 2014. According to Niedzwiedz, for
13 days in March 2014 continental polar air flowed over southern Poland, and for 7 days it
was warm maritime polar air. The remaining days were characterized by an inflow of ma-
inly transformed polar maritime air. The frequency of continental air inflow was therefore
even higher than in 1990 — hence, again, higher mean air temperature values were recor-
ded in the western than in the eastern and south-eastern parts of the country. The highest
value was measured in Zielona Géra, amounting to 7.7°C. Referring to thermal anomalies,
the distinctiveness of western Poland was less pronounced. The largest positive differen-
ces from the long-term average air temperature occurred in Stubice (western Poland),
but the following places were taken by Sniezka and Kasprowy Wierch — two mountainous
stations, situated in the south. This happened even despite the fact that the inflow of air
directly from the south was observed during only one day. However, the combined inflow
of air from all southern directions (SW-S-SE) was observed in Poland in March 2014 during
6 days. This is significantly more than in 1990 (1 day), although similar to the multi-year
mean (on average 6.6 days according to the NiedZwiedz calendar). It can be assumed that
the inflow of warm and transformed polar maritime air masses from the south and polar
continental air masses from the east resulted in abnormally low cloudiness over southern
Poland — because of the path that those masses travelled through the continent. Low
cloud cover, in turn, favours an intensive supply of energy from solar radiation, which
in the mountainous stations — Sniezka and Kasprowy Wierch — is delivered in even larger
quantities. The above-average sunshine duration in Poland in March 2014 was confirmed
by data from the Biuletyn Monitoringu Klimatu Polski (2014).

In 2024, according to the modified Lityniski calendar of synoptic situations, the do-
minant directions of air masses’ advection were: north-west (6 days a month) and south
(5 days a month). In total, the inflow of air from the southern sector to Poland lasted for
approximately 11 days and was a great deal higher than the average frequency of inflow
from this sector, which according to the Litynski calendar is between 8 and 9 days. The
above-average frequency of southern air masses in Poland is confirmed by the backward
trajectories observed in Potsdam. Air of southern European and African origins reached
Eastern Germany for about 10 days (Deutscher Wetterdienst, 2024). This situation can
therefore be compared to that observed in February 2024, with the above-average share
of air masses from the southern sector defining the month in terms of air temperature.
The warmest days in March were March 30 and 31, when the inflow of tropical air over
Poland was recorded. As mentioned earlier, while discussing the synoptic situation in Fe-
bruary, tropical air appears extremely rarely in Poland, only during around 1.5-2% of days
a year and usually in October and in the second half of May and the first half of June.
Meanwhile, both in February and March 2024, the weather in Poland was partially sha-
ped by this type of air masses. This means that by the end of 2024, the record frequency
of these air masses over Poland may potentially be noted.

In March 2024, however, not only tropical but also arctic air flowed over Poland. The
coldest days were March 6-8, when a wedge of high pressure reached over Poland, while
the centre of the high-pressure system was located over Norway, and March 18-19, when
the high from north-western Russia brought arctic maritime air into Poland. At that time,
frosts were recorded in almost the entire country, and at several stations, mainly moun-
tain ones (Kasprowy Wierch, Sniezka, Hala Gasienicowa, Zakopane) and those located
in northern Poland (including Ketrzyn, Olsztyn, Suwatki, teba, Ustka), mean daily tempe-
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rature below zero was recorded. In total, according to the Litynski calendar, air flowed
over Poland directly from the north for approximately 3 days during March 2024 (less
frequently than the average from 1991-2020), and air from the north-east reached over
Poland for approximately 4 days (more often than in 1991-2020). During the remaining
days, Poland was dominated by the inflow of maritime polar air masses, controlled by low
pressure systems from the western sector. The frequency of air masses inflow from the
west, north-west and south-west in March 2024 was similar to the 1991-2020 average.
The synoptic situation during these days of the month was dynamic, and numerous atmo-
spheric fronts passed through the country, which is visible also on higher baric levels. The
beginning of the month was marked by the dominance of high-pressure system, while
the rest of it was geopotential lows crossing Europe from west to east, sometimes ta-
king more northern or southern paths. The end of the month experienced the formation
of two strong baric systems with significant differences between them. The high from
Africa reached Central Europe via the clearly visible wedge while the low from Arctica
and the secondary low from over the British Isles formed a large bay of cold air above the
western Europe (Deutscher Wetterdienst, 2024).

The inflow of arctic air over Poland for several days, confirmed by the backward trajec-
tories from Potsdam on February 7 and February 16-19 (Deutscher Wetterdienst, 2024),
did not ultimately prevent the record-breaking average areal air temperature in Poland
in March 2024. This was mainly due to the unusually warm two last days of the month.
During that time, heat records for March were broken at 45 IMGW-PIB synoptic stations
out of 56 for which the maximum temperature records are available for the long-time
period. Similar to February, the highest maximum temperature was recorded in Tarnéw
(25.5°Cin 2024 compared to the previous record of 22.6°C). However, records were bro-
ken all over the country: in the north (Hel, Gdansk, Elblgg, Resko), in the east (Suwatki,
Biatystok, Terespol, Siedlce), in the west (Zielona Gdra, Gorzéw Wielkopolski), in the south
(Nowy Sacz, Krakdw, Zakopane, Wroctaw) and in central Poland (Warsaw, Kozienice, Kiel-
ce, tddz) (Table 2). This is what made March 2024 stand out compared to February 2024,
when new maximum values were noted mainly in the southern and central Poland, with
a few exceptions. In March, only mountainous stations (Sniezka, Kasprowy Wierch), some
stations in the north (Pita, Szczecin, teba, Ustka, Swinoujscie, Kotobrzeg) and Stubice did
not note new records on their thermometers. Also, although no new records were broken
in Ktodzko and Koszalin, the previous maximum values were equalized. Breaking the pre-
vious records by the highest values took place in eastern Poland — in Suwatki the record
was beaten by 5.3°C, in Biatystok by 4.5°C, and in Terespol by 4.2°C.

What is unusual is the fact that during March 2024 hot days were recorded at three
synoptic stations — Tarnow, Warsaw and Nowy Sgcz. According to the IMGW-PIB defini-
tion, a hot day is “a day on which the maximum air temperature reaches at least 25°C
(Tmax = 25°C)” (Agrometeo IMGW-PIB, 2024). The occurrence of such days is typical
of the summer period. They appeared mostly in July and, except mountains, amount
to about 5.1 days in Kotobrzeg and teba to 17.7 days in Opole and Tarndw. In the period
1991-2020, there has not been a single hot day in March at any of the synoptic stations.
The first rare hot days (maximum mean 1.3 days per station) start to appear in April. Their
recording in March 2024 is therefore an unprecedented event, which emphasize the ther-
mal uniqueness of this period.
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Table 2. Synoptic stations where the heat records from the period 1990-2021 were broken in March 2024

Station Maximum T__in March 2024 Date Previous maximum T__ Date
Tarnéw 25.5 30.03.2024 22.6 21.03.2014
Warszawa 25.3 31.03.2024 22.4 21.03.2014
Nowy Sacz 25.2 30.03.2024 22.3 18.03.2004
Terespol 24.8 31.03.2024 20.6 27.03.2015
Biatystok 24.8 31.03.2024 20.3 21.03.2014
Kozienice 24.2 31.03.2024 22.3 21.03.2014
Krakow 24.2 31.03.2024 22.0 21.03.2014
Kielce 24.2 30.03.2024 215 21.03.2014
tédz 24.0 31.03.2024 21.2 21.03.2014
Rzeszow 239 30.03.2024 20.9 31.03.2010
Suwatki 239 31.03.2024 18.6 27.03.1999
Sandomierz 239 30.03.2024 21.0 21.03.2014
Siedlce 23.7 31.03.2024 215 21.03.2014
Sulejow 23.7 31.03.2024 20.7 21.03.2014
Wtodawa 23.6 31.03.2024 20.4 27.03.2015
Torun 23.6 30.03.2024 22.1 21.03.2014
Mtawa 235 30.03.2024 20.6 21.03.2014
Kalisz 234 31.03.2024 216 21.03.2014
Zielona Gora 234 30.03.2024 22.4 26.03.2010
Lebork 234 31.03.2024 23.0 26.03.2010
Wroctaw 233 31.03.2024 22.5 21.03.2014
Czestochowa 233 30.03.2024 21.6 18.03.2004
Wielun 23.2 30.03.2024 20.9 17.03.2012
Jelenia Géra 23.2 31.03.2024 21.6 26.03.2010
Leszno 231 30.03.2024 22.9 21.03.2014
Opole 23.0 30.03.2024 224 17.03.2012
Legnica 23.0 31.03.2024 22.2 21.03.2014
Ptock 23.0 31.03.2024 21.1 21.03.2014
Katowice 23.0 30.03.2024 20.9 31.03.1994
Zamosé 22.8 30.03.2024 19.8 27.03.1999
Krosno 22.6 30.03.2024 20.3 27.03.2015
Racibdrz 22.6 30.03.2024 20.8 18.03.2004
Gorzéw Wikp. 22.5 31.03.2024 22.0 26.03.2010
Poznan 22.5 30.03.2024 21.8 21.03.2014
Olsztyn 22.5 30.03.2024 209 21.03.2014
Lublin 22.5 30.03.2024 20.1 21.03.2014
Lesko 22.1 31.03.2024 20.1 25.03.2010
Resko 22.1 30.03.2024 21.6 26.03.2010
Ketrzyn 22.0 31.03.2024 20.1 21.03.2014
Bielsko-Biata 216 31.03.2024 21.0 18.03.2004
Gdansk 20.5 31.03.2024 19.5 27.03.1999
Elblag 20.4 31.03.2024 20.1 26.03.2010
Chojnice 20.4 30.03.2024 20.1 26.03.2010
Zakopane 19.6 30.03.2024 18.7 24.03.1991
Hel 17.7 31.03.2024 16.5 27.03.1999

Source: author’s own work based on Dane Publiczne IMGW-PIB (2024) and Klimat IMGW-PIB (2024).
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Discussion

February and March 2024 in Poland should certainly be perceived as extremely warm
months, with the average area air temperature clearly exceeding the average values
over the period 1991-2020. Moreover, these were record months in terms of maximum
temperature values — in February, new highest air temperature values were recorded
at 25 IMGW-PIB synoptic stations, and in March —at as many as 45 stations. Also, in March
2024, the first historical occurrence of hot days for this month has been recorded.

In both months, the synoptic situation that led to record air temperature values was
similar — an above-average frequency of air masses flowing from the south. During these
days, the weather in Poland was shaped primarily by warm polar maritime air masses,
as well as the tropical air masses, the occurrence of which is statistically extremely rare
in this part of the year. Their inflow meant that the largest positive air temperature ano-
malies were recorded in southern Poland — stations in Tarndw, Krakdéw and Rzeszéow — al-
though in the rest of the country deviations from the average were also significant.

It is worth emphasizing the difference in circulation in February and March 2024 from
the previous record months of 1990, 2002 and 2014. During those years, positive thermal
anomalies resulted primarily from the lack or limited inflow of continental polar air and
arctic air over Poland, which are the coldest masses in winter and spring that shape the we-
ather in the country. With their absence, the weather was dominated by polar maritime air
masses, including warm polar maritime air, flowing into Poland along with the western circu-
lation (NiedZwiedz, 2020). With such synoptic conditions, the warmest areas of the country
became those that remained beyond the reach of the locally interacting continental polar
air masses (the highest air temperature values in 2014 recorded in western Poland) or those
where the weather is usually shaped by air masses from the north and east which were
missing this time (northern and eastern Poland in 1990 and 2002). Additionally, the high po-
sitive thermal anomalies in March 2014, even despite relatively many days with the inflow
of continental polar air over southern Poland compared to the years 1990 and 2002, were
influenced by the high dryness of air masses and the resulting above-average insolation.

Not many works dealing with the issue of thermal extremes in February and March
from a climatological and circulation perspective have been published up to 2024, as this
topic is not among the most popular in literature. Yet, some papers explore this pheno-
menon further and allow for a comparison. Particularly, research by Tangborn (2003),
Twardosz and Kossowska-Cezak (2016), Tomczyk et al. (2019), Zimnol and Bielec-Bgkow-
ska (2019) and Bartoszek and Kaszewski (2022) can give a valid reference point for the
issues covered in this article.

The research by Twardosz and Kossowska-Cezak (2016) focuses on the exceptionally
cold and exceptionally mild winters in Europe. The authors mostly pay attention to the
frequency of those situations rather than their synoptic background, but they note that
most of the warm extremes occur during predominantly western cyclonic circulation and
the positive phase of NAO, as, for example, in 1990. From their study it is clearly seen
that the frequency of extremely mild winters is increasing since the 1980s, but still mo-
stly in the western and southern parts of the continent — with rare occurrence in places
like Poland, Belarus or the Baltic states. However, the increase in number of warm spells
during winter in Poland has been mentioned in two other works (Tomczyk et al., 2019;
Zimnol & Bielec-Bgkowska, 2019). The authors have proven that periods with above-ave-
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rage air temperature occur more frequently in February and March than in December and
January, although they tend to appear most frequently in north-western Poland (Zimnol
& Bielec-Bgkowska, 2019), while in this study southern and eastern parts of the country
noted most thermal records and maximum differences from the previous record-breaking
temperatures. The occurrence of high temperature values was related to an increase
in geopotential values on higher baric levels of the atmosphere, although on the level
of 300 hPa the anomalies sometimes developed earlier than on lower levels, which is
in consistence with Tomczyk et al. (2019). A broad analysis by Tangborn (2003) connects
all the winter positive thermal anomalies observed in the Northern Hemisphere from
1932 to 1999. The author proves that since 1985, a significant rise in positive anoma-
lies of winter (from winter solstice to spring equinox) temperatures has been observed,
and most of them are synchronised in time. In addition to that, Bartoszek and Kaszewski
(2022) found out that since 1951, Poland has experienced more frequent appearances
of polar maritime warm air masses during the whole year and tropical air masses during
summer. Although no significant increase in the number of days with tropical air inflow
in winter or early spring was noted, a change in the overall temperature of air masses was
highlighted, with virtually all of them becoming gradually warmer over the years. This evi-
dence suggests that data from Poland is probably a part of a broader picture which shows
the constant warming of winters in the Northern Hemisphere due to the climate change.

Works raising the issue of extremely warm months on the verge of winter and spring
are often centred around the ecological and phenological impacts of such events — some
of them can also be found in Poland. Belik and Beuch (2019) discovered that during
an exceptionally warm March 2014, an abnormally early breeding of a bird species Sco-
lopax rusticola took place in Upper Silesia. Also, Mager and Kepinska-Kasprzak (2016)
proved the influence of positive thermal anomalies in February and March 2014 on the
beginning of the wild plants’ phenophases, with 90% of them growing faster than in the
years 1946-1960 and 78% growing faster than in the years 2007-2012. Wegrzyn (2008) li-
sted the year 1990 as “abnormally long” in terms of the duration of the vegetation period
in Putawy and as “long” under the same criterion in Bezek and Felin (all of these places
located in the Lublin Highland, south-eastern Poland). These examples prove that thermal
anomalies of late winter and early spring are altering the standard process of the pheno-
logical phases. They also allow to predict that ecological and phenological changes similar
to those observed in 1990 and 2014 also took place in 2024. Early start of phenological
phases can be very dangerous, especially in agriculture, as plants begin to flourish and
then, with a return of colder weather, they become vulnerable and easily freeze, ruining
the harvest. Other sectors of the economy that can be heavily affected by abnormally
warm winters are winter sports and tourism. According to press releases, skiing season
2023/24 was terribly bad, with some ski resorts closing as early as the beginning of Febru-
ary and reporting substantial losses (Ciryt, 2024; Dziennik Polski, 2024).

However, more studies are needed to appropriately address the issue of warm spells
in winter and early spring in Poland. The research should continue in the following years
so as to establish the occurrence of long-term patterns. This study was aiming to be a star-
ting and reference point for further observations. Some conclusions that were made co-
uld be valuable, but they should not be generalised, as the study refers to a fairly small
number of cases. However, with the consideration of other works in the field, it can be
said that more above-average warm winter and early spring periods should be expected
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in the following years and one reason for that may be the more common occurrence
of tropical air masses, but the most probable and expected cause should be the increase
in temperature of all air masses due to climate change.

Conclusions

February and March 2024 stand out as exceptionally warm months in comparison with the
1991-2020 mean. However, the anomalies that occurred during this period were of diffe-
rent nature than those occurring during the previous record-breaking years. In 2024, due
to the increased frequency of advection from the south and the inflow of tropical air, the
warmest areas of Poland were the southern and eastern parts of the country, while warm
winter spells are more typical of western Poland. It should also be noted that although
in February 2024 the average temperature deviations from the multi-year period’s mean
were higher than the values of these deviations in March, this second month turned out
to be much more record-breaking in terms of maximum temperature values recorded
on synoptic stations. While February was a clearly warmer month compared to the period
1991-2020, it was also characterized by greater thermal stability, with positive deviations
in the average daily air temperature recorded during most days. March, in turn, was cha-
racterized by greater fluctuations in daily temperature, including frost days, but also hot
days, especially the last two in the month.

The months discussed in this paper will certainly go down in the history of Poland’s
climate monitoring as extremely warm and unique in terms of circulation. However, the
evidence provided by other authors (Tangborn, 2003; Tomczyk et al., 2019; Zimnol & Bie-
lec-Bgkowska, 2019; Bartoszek & Kaszewski, 2022) suggests that temperature anomalies
from February and March 2024 show the direction in which Poland’s and the whole Nor-
thern Hemisphere’s climate may be heading under the influence of ongoing global war-
ming. Only measurements and observations carried out in the coming years will prove if
this assumption was right, nevertheless we shall be prepared for all the impacts that may
be caused by this change — most notably, the ecological and agricultural ones and those
related to winter tourism.
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