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ABSTRACT

The article presents the changes in the values of average air temperature and its spatial
diversity in the four seasons of the year (spring, summer, autumn, winter) in the years

1981-2010 compared with the 1971-2000 period. In the 1981-2010 period (the new
climate normal currently in force) the largest increase in air temperature expressed in
the average area value occurred in summer and reached 0.5°C. In spring and autumn
the increase in average air temperature was smaller and was 0.4°C and 0.3°C re-
spectively; in winter average temperature did not change compared with the previous

climate normal.
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INTRODUCTION

According to the guidelines of the World Me-
teorological Organization (WMO) the climate of
a given area is usually described on the basis of
long-term, usually thirty-year periods. So far they
have been the following periods: 1901-1930,
1931-1960 and 1961-1990. In the light of a dis-
tinct increase in temperature observed in the world
and in Poland especially in the past four decades
in the intensified process of global warming
[Kozuchowski and Zmudzka 2001, Solomon et al.
2007, Milly et al. 2008, Ziernicka-Wojtaszek 2009,
Zmudzka 2009, Michalska 2011] and in the local
aspect [Michalska 2009, Gregorczyk and Michals-
ka 2011, Kasperska-Wotowicz and Bolewski 2015,
Kaszewski and Bilik 2015] the point of describing
the current, and even more so, future climate con-
ditions by means of 30-year normals has started to
be questioned recently [Livezey et al. 2007]. That
is why, in order to update climate descriptions, ac-
cording to the WMO instructions, the thirty-year
climate normals are changed — replaced with new
ones — not every thirty years but every ten years.
Instead of the next norm 1991-2020, the norm
1971-2000 is applied, and recently 1981-2010
[Arguez and Vose 2011]. As regards atlases of

Poland’s climate, apart from the old atlases by
Wiszniewski et al. [1949] and Wiszniewski [1953,
1973] there is the Atlas klimatu Polski by Lorenc
[2005] which includes cartographic illustration of
basic climate elements and indices without tables
for the previous climate normal 1971-2000. De-
spite the announcements that efforts have been
made to update and reissue the Atlas, there is no
description of Poland’s climate within the new
official climate normal 1981-2010 and no com-
parison with the previous normal which would al-
low to follow the changes. The presented work at-
tempts to meet the signaled needs. The aim of the
work was to describe the spatial diversity of air
temperature in Poland in individual climatologi-
cal seasons of the year in the new climate normal
1981-2010 and to compare the diversity with the
previous normal 1971-2000.

MATERIALS AND METHODS

The work uses meteorological data concern-
ing average monthly values of air temperature
from 53 meteorological stations for the period
of 1971-2010, evenly distributed in Poland. The
data was obtained from Monthly Meteorological
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Reviews, Decade Agrometeorological Bulletins
and from unpublished archive materials from the
Polish Institute of Meteorology and Water Man-
agement (IMGW). The obtained data allowed to
calculate average values of air temperature for 4
climatological seasons of the year. Those seasons
include 3 calendar months each: March, April,
May (spring), June, July, August (summer), Sep-
tember, October, November (autumn) and De-
cember, January, February (winter). The spatial
diversity of the average values of air temperature
in Poland was shown in the mentioned seasons in
two climate normals 1971-2000 and 1981-2010
and then comparison was made of the changes in
the values of the meteorological element under
discussion. Mountain areas were omitted on ac-
count of insufficient number of meteorological
stations necessary to describe these areas.

RESULTS

The average annual temperature in spring in the
years 1971-2000 in Poland was 7.8°C (Table 1). In
the 1971-2000 period the hottest regions with air
temperature equal to or greater than 8.5°C were
recorded in the Silesian Lowlands, the Sandomi-
erz Basin around Tarndw, in the eastern part of the
Silesian-Lusatian Lowlands and in the Lubuskie
Lake District around Stubice. In the 1981-2010
period the area of Poland with the air tempera-
ture 8.5°C or more increased significantly. In this
period such temperature was also recorded in the
Szczecin Lake District, the Greater Poland Lake
District, the South Greater Poland Lowlands, the
Western Beskid Mountains, the Kielce Uplands,
the Wozniki-Wielun Uplands and in the eastern

Fig. 1. Average air temperature in spring in Poland in
the years 1971-2000
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part of the Southern Mazovia Hill. In both com-
pared normals 1971-2000 and 1981-2010 the
hottest place was Opole and the coldest Suwatki.
The average air temperature in Opole was 8.8°C
and 9.1°C respectively, and in Suwatki 6.1°C
and 6.6°C respectively. The coldest regions in
the periods 1971-2000 and 1981-2010 covered
the area of the Lithuanian Lake District, the Ko-
szalin coast and the vicinity of Jelenia Gora and
Ktodzko (Fig. 1, Fig. 2).

The hottest regions with summer temperature
17.2°C and higher in the 1971-2000 period and
17.8°C and higher in the 1981-2010 period cover
the area of the Greater Poland Lake District, the
Greater Poland Lowlands, the Silesian Lowlands,
the eastern part of the Central Mazovia Lowlands
and the Sandomierz Basin. The stations with the
highest summer temperature in the former thirty-
year period are Opole and Putawy with the tem-
perature 17.7°C; in the latter thirty-year period it
is also Opole and Putawy with the temperature
18.3°C, Tarnow 18.2°C and Wroctaw 18.1°C. The
lowest air temperature in the years 1971-2000
and 1981-2010 occurred in Jelenia Goéra, reach-
ing 15.7°C and 16.3°C respectively. The coldest
areas in both compared normals were the moun-
tainous basins of southern Poland, the Koszalin
Coast and the Suwalki Lake District represented
by the stations in Jelenia Goéra, Ktodzko, Ustka
and Suwalki (Fig. 3, Fig. 4).

In autumn in Poland the average air tempera-
ture in the years 1971-2000 fluctuated between
6.5°C and 9.1°C. The air temperature of 8.6°C
and higher occurred in the Silesian Lowlands,
the Silesian-Lusatian Lowlands, the Zielona Gora
Hill, the Sandomierz Basin around Tarnow, in the
western part of the Thorn-Eberswalde Urstrom-

Fig. 2. Average air temperature in spring in Poland in
the years 1981-2010
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Fig. 3. Average summer air temperature in Poland in
the years 1971-2000

tal, on the Szczecin Coast and the Koszalin Coast.
They were the hottest areas in the season under
discussion. In the years 1981-2010 the average
air temperature in autumn reached 6.8°C to 9.4°C,
thus being on average 0.3°C higher than in the
previous analyzed thirty-year period. The hottest
places in Poland in the 1981-2010 period with the
temperature higher than 8.6°C apart from the re-
gions mentioned in the previous period were the
Greater Poland Lake District, the South Greater
Poland Lowlands, the Silesian Uplands, the
Wozniki-Wielun Uplands and the Western Beskid

Fig. 5. Average autumn air temperature in Poland in
the years 1971-2000

Fig. 4. Average summer air temperature in Poland in
the years 1981-2010

Mountains. In the years 1971-2000 the cold-
est regions with the air temperature lower than
7°C covered the area of Suwatki and Biatystok
and in the 1981-2010 period only the vicinity of
Suwatki (Fig. 5, Table 1, Fig. 6).

In winter in the years 1971-2000 and
1981-2010 the highest air temperature occurred
in Swinoujécie, reaching 0.8°C and 0.9°C re-
spectively, and the lowest in Suwatki: -3.2°C and
-3.0°C. The highest values of the average winter
temperature in both climate normals were re-
corded in western Poland on the Szczecin Coast,
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Fig. 6. Average autumn air temperature in Poland in
the years 1981-2010

Table 1. Average area values of air temperature in the climatological seasons of the year in the years 1971-2000

and 1981-2010 in Poland

Seasons of the year 1971-2000 1981-2010 In(i::ﬁ seeolp;r'l’etea;ﬁree:gteu?;ea
Spring 7,8°C 8,2°C 0,4°C
Summer 16,9°C 17,4°C 0,5°C
Autumn 8,1°C 8,4°C 0,3°C
Winter -0,9°C -0,9°C 0,0°C
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the Koszalin Coast, in the Western Pomeranian
Lake District, the western part of the Thorn-Eber-
swalde Urstromtal, the Silesian Lowlands around
Wroctaw, in the Silesian-Lusatian Lowlands, the
Western Sudeten Plateau, the Lubuskie Lake Dis-
trict around Stubice. The lowest, sub-zero tem-
peratures occurred in the Lithuanian Lake Dis-
trict, the Mazurian Lake District, the Old Prussian
Lowlands and the Northern Podlasie Lowlands
and the Western Polesie (Fig. 7, Fig. 8).

The average air temperature in Poland in the
years 1981-2010 irrespective of the spatial di-
versity in summer was 17.4°C and was higher by
0.5°C than the average in the 1971-2000 period.
In spring and autumn the increase of its average
value was smaller: 0.4°C and 0.3°C respectively.
In winter in both analyzed periods the average val-
ue of temperature was the same: -0.9°C (Table 1).

DISCUSSION AND CONCLUSIONS

Research by many authors [Kozuchowski
and Zmudzka 2001, Zawora 2005, Ziernicka-
Wojtaszek and Zawora 2008, Michalska 2009 and
2011] confirms a distinct increase in air tempera-
ture observed since the last two decades of the 20th
century. Michalska [2011] shows that the average
annual air temperature in the years 1951-2005 in
the greater part of the country rose by ca. 0.2°C
per decade. The pace of the air temperature in-
crease in Poland in the years 1951-2010 was
already 0.22°C per decade [Wojcik and Migtus
2014]. Considering a shorter research period,
namely 1971-2010, Kruzel [2014] proved an in-
crease in temperature of 0.3°C per decade. This
complies with the pace of the increase in global

Fig. 7. Average winter air temperature in Poland in
the years 1971-2000
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temperature, which is becoming faster and faster.
The pace of warming is increasing. In the past
150 years it has been 0.045°C/decade, in the past
100 years 0.074°C/decade, in the past 50 years
0.128°C/decade and in the past 25 years 0.177°C/
decade [Intergovernmental Panel on Climate
Change 2007]. Even higher values are presented
in the V IPCC Report [2014] for the 1979-2012
period — 0.26°C/decade. In the newest climate
normal 1981-2010 compared with the previous
normal the pace of the warming in particular sea-
sons of the year presents itself differently. If for
the 19512010 period [Wojcik and Migtus 2014]
the increase in temperature per decade in particu-
lar seasons from spring through summer and au-
tumn to winter was successively 0.36°C, 0.19°C,
0.06°C and 0.32°C, the decade increase in tem-
perature between the new and old norm, i. e.
between the periods 1971-2000 and 1981-2010
was 0.4°C, 0.5°C, 0.3°C and 0.0°C. Unlike the
1951-2010 period the largest increases occurred
not in winter but in summer, whereas in winter
there were no differences.

The carried out research allowed to reach the
following conclusions:

1. In the 1981-2010 period the largest increase in
air temperature expressed by the average area
value occurred in summer and was 0.5°C com-
pared with the 1971-2000 period.

2. The spring and autumn increases were 0.4°C and
0.3°C respectively. In winter no changes in the
average area temperature value were recorded
compared with the previous normal 1971-2000.

3. The spatial distribution of the air temperature
in the years 1971-2000 and 1981-2010 shows
an increase in the values of isolines in summer

Fig. 8. Average winter air temperature in Poland in
the years 1981-2010
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and spring from the north southwards, and in
autumn and winter from the east westwards.

4. Irrespective of the season, the highest average
temperature was recorded in the western part
of Poland.

5. In both analyzed climate normals 1971-2000
and 1981-2010 the highest average long-term
air temperature in summer occurred in Opole
and Putawy, in spring only in Opole and in au-
tumn and winter in Swinoujscie. The lowest air
temperature was recorded in Suwalki, except
for the summer, when the lowest temperature
occurred in Jelenia Gora.
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