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ABSTRACT

This paper presents the frequency of occurrence and distribution of extreme values of selected
thermal phenomena in the Lublin Region in the years 1982-2006. There used data coming from
9 stations of the Institute of Meteorology and Water Management, and from the Meteorological
Observatory of Maria Curie-Sktodowska University (UMCS), located in the centre of the city of
Lublin. The stations have a uniform observation sequence for the 25 years studied. The extreme
thermal phenomena were analysed: very hot days — T__ > 35°C, “tropical nights” — T _. > 20°C,

very cold days - T . <—30°C, days with frost in May — T_. 200 cm a.g.l. <—2.0°C, days with frost
(T, 200 cm a.g.l. < 0.0°C) in summer months (VI-VIII), significant day-to-day changes of more
than 10°C of mean daily air temperature.
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INTRODUCTION

During the last several years, the climate at various spatial and temporal
scales has been subject to increased interest. This may be related to the observed
relatively fast changes in climatic conditions in various areas of the globe, ac-
cording to a widespread opinion mainly induced by human activity. Particularly
close attention is paid to extreme phenomena, the frequency of which is expected
to increase in the future (Migtus 2005). The evidence of high interest in those
phenomena at varied temporal and spatial scales are numerous conferences on
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the subject and related monographs. Information on extreme phenomena also ap-
pears more and more frequently in climatic atlases covering various areas (e.g.
Ustrnul, Czekierda 2009). The calendar of extreme meteorological and hydrologi-
cal events, prepared by 26 scientific entities from all over Poland, is supplemented
on a current basis. It is available at www.ekstrema-polskie.pl.

The forecast of such events, important also for practical reasons, must be
preceded by a detailed analysis of their frequency and rate of occurrence. Contem-
porary climatic models do not allow for a detailed determination of local climatic
extremes, among others due to a very scarce network of reference points. There-
fore, data obtained directly from meteorological stations are of high significance
(Kundzewicz 2002).

Thermal extremes are probably the most popular subject of papers analy-
sing extreme weather events. The occurrence of heat at the European scale in
selected years was studied among others by R. Twardosz (2009). The distribu-
tion of extreme values of various thermal phenomena in Poland was presented in
the following papers: Kuchcik (2006), Cebulak, Limanowka (2007); Kejna et al.
(2009), Ustrnul et al. (2010), and Ustrnul and Wypych (2011). A number of papers
discuss thermal extremes in selected regions of Poland (Grabowska et al. 2007;
Bielec-Bakowska, Lupikasza 2009, Sobik, Btas, 2010), and at selected stations
(Owczarek 2005; Piotrowicz 2005, 2007; Kaszewski et al. 2007; Michniewski
2007; Zarski et al. 2007; Kossowska-Cezak 2010).

OBJECTIVE, MATERIAL, METHODS

The objective of this paper was to determine the frequency of occurrence
and distribution of extreme values of selected thermal phenomena in the Lublin
Region in the years 1982-2006. The data come from 9 stations of the Institute of
Meteorology and Water Management, and from the Meteorological Observatory
of UMCS, located in the centre of the city of Lublin (Tab. 1). The stations have
a uniform observation sequence for the 25 years studied.

Table 1. List of meteorological stations analysed in the paper

Station Latitude Longitude Altitude a.s.l. [m]
1 2 3 4
Jarczew 51°49 21°59’ 182
Lublin — Plac Litewski 51°15° 22°34° 216
Lublin — Radawiec S51°14° 22°34° 238
Sandomierz 50°42° 21°43° 217
Siedlce 52°11° 22°16° 146
Sobieszyn 51°36’ 22°10° 158
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1 2 3 4

Terespol 52°05° 23°37 133
Tomaszoéw Lubelski 50°27’ 23°24’ 270
Wiodawa 51°33’ 23°33° 175
Wysokie 50°55’ 22°40° 240

The analysis applied the criteria of distinguishing extreme phenomena de-
veloped for the purposes of grant PBZ KBN 086/P04/2003 by a team managed
by Prof. T. Niedzwiedz, and other descriptions of extreme phenomena.

The following thermal phenomena were analysed:

e very hotdays—-T _ >35°C,

“tropical nights” =T _. >20°C,

very cold days - T . <—30°C,

days with frost in May = T_. 200 cm a.g.1. <—2.0°C,

days with frost (T, 200 ¢cm a.g.l. <0.0°C) in summer months (VI-VIII),
significant day-to-day changes of over 10°C of mean daily air temperature.

RESULTS

At the ten meteorological stations and posts of the Lublin Region subject
to the study, 281 cases of extreme thermal phenomena were determined. The
extremes were recorded on 114 days, which constituted 1.2% of all days.

The highest number of such cases (52) was recorded in 1987. This was
mainly related to substantial day-to-day changes in mean daily air temperature,
and occurrence of extremely cold days in January. The year 1992 was the second
in terms of the frequency of occurrence of thermal extremes. It was dominated
by extreme values of phenomena related to high temperatures in August. No
cases of such phenomena occurred in 1983, 1990, or 1993.

At the annual scale, the highest number of cases occurred in January, and
somewhat less in July and August. No case of extreme values of the phenomena
analysed occurred in March.

Such an annual course is related to the method of distinguishing the ex-
tremes selected for analysis. Only one of the phenomena selected, i.e. significant
day-to-day changes in mean daily air temperature, can theoretically occur in
each season of the year.

Very hot days (T, _>35°C)

In the years 1982-2006, 23 cases of occurrence of very hot days were recorded
in the Lublin Region (Tab. 2). The phenomenon occurred on only 10 days in 1992
and 1994. Those were individual days in two cases, and two sequences of 3 and
5 days. The individual cases were mainly related to the advection of hot tropical
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air from the southern sector in warm sectors of lows from the centre in West or
North Europe. The several-day-long sequences were also related to the inflow of
tropical air directed by high systems from the centre in Central or Eastern Europe.
Similar conclusions were drawn by Z. Ustrnul and D. Czekierda (2009), as well
as Z. Ustrnul and A. Wypych (2011), analysing the highest values of maximum
temperature in Poland.

The highest number of very hot days (7) was recorded in Wtodawa. No such
days occurred at two stations: Tomaszéw Lubelski and Sandomierz (Tab. 2).

In one case, on 29" August 1992, a very hot day occurred at 7 stations, and
on 31 July 1994 — in 5 stations.

At the annual scale, the occurrence of very hot days is limited to two months:
July and August (Tab. 2).

Table 2. The annual course of the number of very hot days at selected stations of the Lublin
Region (1982-2006)

Station LV Vv VIV VH|IX | X |XI|XII| Year
Wtodawa 1 6 7
Lublin — Plac Litewski 1 1
Tomaszow Lubelski -
Terespol 1 2 3
Radawiec 1 1
Jarczew 1 1
Sobieszyn 3 1 4
Siedlce 1 1
Sandomierz
Wysokie 1 4 5
Total 7 16 23

The highest air temperature value (36.0°C) was recorded in Wlodawa on
29" August 1992 and 31% July 1994. During those days, Poland was located in
the warm sector of lows from the centre in the area of the Norwegian Sea. Hot
tropical air flowed into the Lublin Region from the southern sector (Fig. 1).

The highest maximum air temperature in the area analysed (37.1°C) was ob-
served in Sandomierz on 15" August 1952 (Ustrnul, Czekierda 2009).

It is worth emphasising that on 9 in 10 days, very hot days were accompanied
by tropical nights.
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Fig. 1. Synoptic map of 29" August 1992 (source: Codzienny Biuletyn Meteorologiczny
IMGW)

Tropical nights (T . > 20°C)

In the years 1982-2006 in the Lublin Region, 100 cases of occurrence of
tropical nights were recorded (Tab. 3). The phenomenon occurred in 17 out of
25 years analysed. The highest number of such days (9) was recorded in 1994.
The spatial distribution of the cases is diversified. The highest number of tropical
nights was observed in Lublin (40) and Wysokie (21). In Tomaszoéw Lubelski,
only one such case occurred, and in Radawiec — two. Such a high number of tropi-
cal nights recorded in Lublin is related to the location of the station in the city
centre, and the occurrence of the so-called urban heat island.

Tropical nights usually occurred at one station (33 cases). On 16 July 2001,
a tropical night was observed at 7 stations (except for: Tomaszow, Radawiec, and
Wysokie). On that day, the Lublin Region was located in an area with increased
atmospheric pressure (with weakly developed barometric field), favouring advec-
tion from the southern sector (Fig. 2). Moreover, three cases of tropical nights
at 5 stations were recorded: on 11" August 1992 (Terespol, Radawiec, Lublin,
Sobieszyn, and Wysokie), 29" August 1992 (Lublin, Jarczew, and Siedlce. Sando-
mierz, and Wysokie), and 31 July 2005 (Wtodawa, Radawiec, Lublin, Sandomierz,
and Wysokie). Tropical nights mainly occurred in July and August (93 cases in
total). The earliest tropical night occurred on 29" May 2005 in Jarczew, and the
latest on 3™ September 1994 in Wysokie.
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The occurrence of tropical nights is related to the inflow of tropical air from
the southern sector in the scope of high pressure system (Ustrnul and Czekierda
2009). Somewhat more seldom (in approx. 40% of cases), tropical nights in the
Lublin Region also occur in tropical air inflowing within a warm sector of low.

The highest minimum temperature (24.9°C) occurred in Wysokie on 10" July
1995.

Table 3. The annual course of the number of tropical nights at selected stations of the Lublin
Region (1982-20006)

Station | vy v [ VE[IVIVIIX | X | XI|XII| Year
Wtodawa 3 1 4
Lublin — Plac Litewski 4 122 |14 40
Tomaszow Lubelski 1 1
Terespol 4 1 5
Radawiec 1 1 2
Jarczew 1 2 6 9
Sobieszyn 212 4
Siedlce 3 2 5
Sandomierz 7 2 9
Wysokie 1 8 |11 1 21
Total 1 5 |52 |41 1 100
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Fig. 2. Synoptic map of 16" July 2001 (source: Codzienny Biuletyn Meteorologiczny IMGW)
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Very cold days (T , <-30°C)
During the period analysed in the Lublin Region, 20 cases of occurrence of
very cold days were recorded (Tab. 4). They only occurred in two years: 1987 and
2006. The highest number of such cases (4) was observed in Jarczew. No such

days were recorded at two stations: Lublin (Plac Litewski) and Sandomierz.

Table 4. The annual course of the number of very cold days (T, <—30°C) at selected stations
of the Lublin Region (1982-2006)

Station

VI

Vil

VIl

IX

XI

XII

Wtodawa

N

Lublin — Plac Litewski

Tomaszow Lubelski

Terespol

Radawiec

Jarczew

Sobieszyn

Siedlce

WlW|ph|—|lw|lw

Sandomierz

Wysokie

Total

Fig. 3. Synoptic map of 8" January 1987 (source: Codzienny Biuletyn Meteorologiczny

IMGW)
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On 8 January 1987, a very cold day occurred at 8 stations, when cold air from
the northern sector flowed into the Lublin Region. In the conditions of cloudless
sky, the air was additionally cooled as a result of emanation from the earth surface
(Fig. 3).

In the same year, several days later (on 14" January), a very cold day was
recorded at five stations (all except for Tomaszoé6w Lubelski and Wysokie). At the
annual scale, such days only occurred in January.

The lowest minimum temperature (—34.3°C) was observed on 30" January
1987 in Terespol.

Days with frost in May (T . <-2.0°C)

In the years 19822006 in the Lublin Region, 15 cases of occurrence of days
with frost in May at 200 cm a.g.l. were recorded (Tab. 5). The phenomenon oc-
curred in five years: 1984, 1994, 1995, 1999, and 2000. The highest number of
such cases was recorded in Siedlce (5) and Tomaszéw Lubelski (4). No such days
occurred at four stations: Wtodawa, Lublin, Sandomierz, and Wysokie. The oc-
currence of frost is related not only to the atmospheric circulation, but also to local
factors. On 3 May 1995, strong frost occurred at 5 stations simultaneously. In the
course of the month, such frost occurred in the period from 3“to 13" May.

Table 5. The course of the number of days with strong frost (T
May at selected stations of the Lublin Region (1982-2006)

at200 cma.g.l. <—2.0°C) in

min

Station May Total
1 213|145 |67 |89 |10]I11] 12|13

Wlodawa -
Lublin — Plac Litewski -
Tomaszow Lubelski 1 1 1 1 4
Terespol 1 1
Radawiec 2 2
Jarczew 1 1
Sobieszyn 1 1 2
Siedlce 2 1 1 1 5
Sandomierz

Wysokie

Total 8 | 1 2 2 1 1 15

The lowest minimum temperature (-3.9°C) was recorded in Siedlce on 3™
May 1995. On that day, the Lublin Region was the centre of high pressure with
a mass of arctic air (Fig. 4). An additional factor causing a decrease in the tem-
perature was high emanation during a cloudless night.
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Fig. 4. Synoptic map of 3 May 1995 (source: Codzienny Biuletyn Meteorologiczny IMGW)

Itis worth emphasising that in summer months (VI-VIII), frost (T, . at200 cm
a.g.l. £0.0°C) did not occur at any of the stations analysed.

Significant day-to-day changes of mean daily air temperature

(exceeding 10°C)

In the period analysed (1982-2006) in the Lublin Region, 123 cases of occur-
rence of significant (exceeding 10°C) day-to-day changes in mean daily air tem-
perature occurred (Tab. 6-8). The changes mainly constituted decreases (74 cases).

Such changes occurred in 19 out of 25 years analysed. The highest number
of such days (7) was recorded in 1987. Their high spatial differentiation was ob-
served. The highest number of such cases was recorded in Terespol (22), less in
Wtodawa and Siedlce (16 each), and the least in Sandomierz (only 6).

Such significant changes in the temperature usually occurred at only one sta-
tion. In two cases, such changes (decreases) were recorded at all stations: from
6"to 7" January 1982 and from 6™ to 7" January 1987. Once, such changes were
observed at 9 stations (all except for Tomaszéw Lubelski), involving a decrease
from 2" to 3" January 2002, and once at 8 stations (all except for Sandomierz and
Lublin), involving an increase from 17" to 18" December 2001. The most sub-
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stantial increase in mean daily air temperature (15.3°C) was observed in Jarczew
from 30" to 31" January 1987. The most significant decrease (19.3°C) occurred at
the same station from 6" to 7" January 1987.

Table 6. The course of the number of days with significant day-to-day changes in mean daily
air temperature (exceeding 10°C)

Station | W fu|v|iv |VvEVvVIHVIHI IX | X | XI | XII | Year
Wtiodawa 5 1 1 1 7 16
Lublin — Plac Litewski 7 1 1 2 1 12
Tomaszow Lubelski 5 2 4 11
Terespol 715 1 1 2 |1 6| 22
Radawiec 8 1 3 12
Jarczew 6 1 2 9
Sobieszyn 5 2 1 2 10
Siedlce 6 3 1 2 4 16
Sandomierz 4 1 1 6
Wysokie 6 1 2 9
Total 60 | 16 314 |1 2 1 5 |31 [123

In January, significant day-to-day changes in air temperature occurred at all
of the stations. In December, they did not occur in Lublin, and in February, in
Sandomierz and Wysokie. In March, July, and August, no significant temperature
changes were recorded at any of the stations.

The principal cause of significant changes in mean daily air temperature are
circulation conditions related to the passing of atmospheric fronts.

Table 7. The course of the number of days with significant day-to-day decreases in mean daily
air temperature (exceeding 10°C)

Station v v |Vl |Vvih|VvilIX | X | XI|XII|Year

Wtodawa

Lublin — Plac Litewski
Tomaszow Lubelski
Terespol

Radawiec

Jarczew

Sobieszyn

Siedlce

Sandomierz
Wysokie

Total
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Table 8. The annual course of the number of days with significant day-to-day increases in mean
daily air temperature (exceeding 10°C)

Station | HWim{Iv|iVv | VI|VI|VII IX | X | XI|XII|Year
Wtodawa 1 1 5 7
Lublin — Plac Litewski | 2 1 3
Tomaszow Lubelski 4 4
Terespol 2 |2 2 4 |10
Radawiec 2 1 2 5
Jarczew 1 1 2 4
Sobieszyn 1|2 1 2 6
Siedlce 1 2 2 2 7
Sandomierz 1 1
Wysokie 1 1 2
Total 11 9 1 5 (23 | 49

RESULTS

In the period analysed (1982-2006) at 10 meteorological stations and posts of
the Lublin Region, 281 cases of extreme thermal phenomena occurred within 114
days, which constituted 1.2% of days. The highest number of such cases (52) was
recorded in 1987. In 1983, 1990, and 1993, no cases of such phenomena occurred.

In the annual course, most of such cases occurred in January. In March, no
cases of occurrence of extreme values of the phenomena analysed were observed.

Among the five extreme thermal phenomena discussed, the highest number
of cases concerned significant changes in mean daily air temperature (exceed-
ing 10°C), and the least number of cases involved the occurrence of frost in May
(T <-2.0°C).

The most important factor determining the occurrence of extreme thermal
values in the Lublin Region (and in the entire Poland) is atmospheric circulation,
and particularly the occurrence of certain relatively rarely recorded synoptic situ-
ations. It is especially evident in the occurrence of very hot and very cold days
(they only occurred in two years during the period analysed: in 1992 and 1994,
as well as in 1987 and 2006, respectively) and strong frost in May (they only oc-
curred in five years).

The main factors determining the differentiation of the frequency of occur-
rence of extreme thermal values in the Lublin Region are the location of a given
meteorological station or post, and the character of its direct vicinity. It is evident
in the case of differences in the frequency of occurrence of tropical nights between
the centre of Lublin and station Lublin-Radawiec, located outside the city, as well
as lack of occurrence of very cold days in Lublin and Sandomierz.
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STRESZCZENIE

Celem pracy jest okreslenie czgstosci wystgpowania i rozktadu ekstremalnych wartosci
wybranych charakterystyk termicznych na Lubelszczyznie w latach 1982-2006. Dane pochodza
z 9 stacji Instytutu Meteorologii i Gospodarki Wodnej oraz z Obserwatorium Meteorologicznego
UMCS, potozonego w centrum Lublina. Posiadaja one jednorodny ciag obserwacyjny dla badanego
25-lecia. Sposrdod charakterystyk termicznych przeanalizowano:

e dni bardzo upalne - T, >35°C,

,-hoce tropikalne” — Tmin >20°C,

dni extramrozne — T < —30°C,

dni z przymrozkiem w maju — T_ - 200 cm n.p.g < - 2,0°C,

dni z przymrozkiem (T, 200 cm n.p.g < 0,0°C) w miesiacach letnich (VI-VIII),
duze zmiany z dnia na dzien, powyzej 10°C, $redniej dobowej temperatury powietrza.

W analizowanym okresie (1982—2006) w 10 stacjach i posterunkach meteorologicznych Lubel-
szczyzny wystapilo 281 przypadkow ekstremalnych charakterystyk termicznych w 114 dniach,
co stanowito 1,2% dni. Najwigcej takich przypadkéw (52) zanotowano w roku 1987, natomiast
w latach 1983, 1990 i1 1993 przypadki takich charakterystyk nie wystapity. W przebiegu rocznym
najwigcej przypadkow wystapito w styczniu; w marcu nie zanotowano przypadku wystapienia
ckstremalnej wartosci analizowanych charakterystyk. Sposrod wzigtych pod uwage pigciu ekstre-
malnych charakterystyk termicznych najwigcej przypadkow dotyczyto duzych zmian $redniej do-
bowej temperatury powietrza (powyzej 10°C), najmniej za$ przypadkéw wystapienia przymrozkow
w maju (T < -2,0°C). Najwazniejszym czynnikiem warunkujacym wystgpowanie ekstremalnych
wartosci termicznych na Lubelszczyznie jest cyrkulacja atmosferyczna warunkujaca wystepowanie
pewnych stosunkowo rzadko notowanych sytuacji synoptycznych. Widac to szczeg6lnie w przypadku
pojawiania si¢ dni bardzo upalnych i bardzo mroznych (wystapily tylko w dwoch latach analizowane-
go okresu: odpowiednio w 1992 i 1994 oraz w 1987 12006) i silnych przymrozkéow w maju (wystapity
tylko w pigciu latach).

Glownymi czynnikami réznicujacymi czgsto$¢ wystapienia ekstremalnych wartosci termicz-
nych na terenie Lubelszczyzny jest lokalizacja stacji lub posterunku meteorologicznego oraz chara-
kter bezposredniego otoczenia stacji.

Stowa kluczowe: ekstrema temperatury powietrza, Lubelszczyzna



