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Abstract

The basic features of annual course of air temperature (differentiated between the particular
months and seasons) along with air temperature variations during the period between 1950 and
2009 together with the trends of changes are presented. In addition the dependence of air tempera-
ture on North Atlantic Oscillation (NAO) is exhibited.
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INTRODUCTION

In the recent years, the problem of trends in changes and fluctuations of separate
meteorological elements including air temperatures and the sum of precipitation has
been widely discussed (Marsz 1999a, 1999b; Marsz and Styszynska 2002a, 2002b).
The problem has been considered as depending on different temporal and spatial
scales. The aim of this research is to assess the potential results of changes in the en-
vironment and to explain the causes of those changes considering both the anthropo-
genic and natural factors. In the report of the Intergovernmental Panel on Climate
Change (IPCC) from 2007 it was stated that most of the changes observed in the last
50 years should be ascribed to human activity. In 1900-2004 the observed tempera-
ture changes on Earth amounted to about 0.4-0.8°C. In Poland, in the second half of
the 20" century, the average temperature rose by about 0.9°C. The predominant part
of this warming falls on 80’s and 90’s (Fortuniak et al. 2001) Also Filipiak (2004)
confirms the occurrence of strong positive trend in temperature rise in a year and
during winter and spring on the coast in the second half of the 20" century. Kir-
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schenstein and Baranowski (2008) obtained similar results in Shupsk. Between 1950
and 2007 the increase in the air temperatures amounted to about 1.3°C. In Shupsk the
increase in air temperatures was the highest in winter and spring. Kirschenstein and
Baranowski (2009) also analyzed the temperature change in Koszalin between 1861
and 2007 and found out that, within the period of the 147 years analyzed, the in-
crease of the average air temperature was approximately 1.5°C. December is the
month in which the temperature in Koszalin increased by 2.2°C, while in terms of
year seasons it is spring, autumn and winter (increase by 1.7°C).

The aim of this work is to analyze the changeability of thermal conditions in Szcze-
cin, considering the changes determined with a coefficient of linear trends, and to
investigate the relationship between North Atlantic Oscillation and the air tempera-
ture. According to Boryczka and Stopa-Boryczka (2007), there is a great dependency
of thermal field on North Atlantic Oscillation in Europe during winter. The authors
have found out that between 1825 and 2000 the air temperature in Europe was usual-
ly positively correlated with the changes in NAO. Similarly, Panfil and Draganska
(2004), after analyzing correlations between NAO and thermal conditions in nor-
theastern Poland, found out there was a close relationship between changes in circu-
lation and the temperature (especially from December to March). Also Kirschenstein
and Baranowski (2009), when analyzing the relationships between the NAO circula-
tory changes and the air temperatures in Koszalin found out that, undoubtedly, the
atmospheric circulation determined with the NAO index correlates closely with
the air temperature between December and March. The air temperature shows a con-
siderable phase coincidence: a positive NAO phase is accompanied by a rise in the
monthly temperature average, while a negative NAO phase is accompanied by a de-
crease in the monthly temperature average. In January the phase coincidence is
58.5%, in February it is 73.5%, in March 63.3% and in December 70.1%. It was also
observed that there appears a great negative phase coincidence in December (91.0%)
and in February (92.5%), as well as a positive phase coincidence in March (93.1%)
and December (75.9%). The bases on which the air temperature in Szczecin are in-
vestigated consider monthly measuring data from 1950-1970 and twenty-four-hour
measuring data from 1971-2009. Szczecin is situated in the West Pomeranian Re-
gion. According to W. Okotowicz’s classification (1978), Szczecin belongs to the
region where climate is shaped by the influence of the Baltic Sea and the Atlantic
Ocean, as well as by the local Szczecin River-Basin atmospheric circulation. In this
area the air masses originated from the ocean, over the sea, and over the continent
exchange their properties. This results in a great changeability of weather conditions.

AIR TEMPERATURE

The average annual air temperature in Szczecin amounts to 8.2°C and it fluctuated
between 6.1°C in 1987 to 10.3°C in 2007 (Fig. 1). The coldest 20 years were be-
tween 1969 and 1988. In this period, excluding the years from 1975 to 1983, the av-
erage year temperature was considerably lower from that of the other years. Between
1989 and 1996 the average annual temperature slowly increased, however in 1991,
1993, 1995, and 1996, the annual temperature was lower (Fig. 1).
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Fig. 1. Average annual air temperature (1950-2009)

After 1997 there was a rapid increase in temperature. Since 1998 the average annual
temperature exceeded 9°C, and between 2007-2008 it reached the level of 10°C and
even more. Average monthly air temperatures (Fig. 2) and average monthly, seasonal
and five-year air temperature periods were studied in order to determine which of
months had impact on an increase or decrease of the average annual air temperature
(Table 1a-b). The collected data show that during the colder periods between 1969-
1988 the fall of temperature was clearly visible in all the months. A similar situation
took place after 1990. The increase of the average monthly air temperature was a clear
consequence of the air temperature increase in almost all the months, especially winter
ones. A special attention should be given to the period between 1950 and 1969. Al-
though the average annual air temperature which was calculated for the five-year long
period was the same as the average for a longer period, with the hottest five-year pe-
riod between 1950-1954, it is worth to notice that there were very warm autumns
(1950-1969) and very warm summer (with the exclusion of the five-year period be-
tween 1960-1964). The temperatures of September and October, and to some degree
those of November between 1950-1964, had the main impact on the high autumn tem-
peratures. Furthermore, the warm months between 1950-1969 were April and June.

July was the warmest month in Szczecin (17.6°C), (Table 2). In particular years, the
maximum temperature appeared also in August (25.0% of all the years), as well as in
June (18.3%), and in 1993 it was in May (15.5°C). January was the coldest month
(-1.0°C), (Table 2). The average monthly minimum appeared also in February
(31.6%), in December (25.0% of all the years), in March (1.7%) and in November
(1.7%). In the period studied, the average air temperature of winter months was over
zero in 13 years. The years 2007 and 2008 were especially warm (Fig. 2). Moreover,
in 5 years the average temperatures were sub-zero in all the winter months (years
1963, 1968, 1978, 1884, 1996), and in 1969 and 1976 the average monthly tempera-
tures were sub zero from December till March. Ten years are characterized by sub
zero temperatures in Szczecin, with the lowest of -3.0°C in 1987 (Fig. 2). Frequent
occurrence of maximum temperature in August and minimum in February seems to
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Fig. 2. Average monthly air temperature (1950-2009)
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Table 1b

Average air temperature in five-year periods (1950-2009)

Year Spring | Summer | Autumn | Winter Year
1950-1954 7.8 17.2 8.7 -0.2 8.4
1955-1959 6.9 17.2 8.7 -0.1 8.2
1960-1964 7.5 16.7 9.2 -1.2 8.0
1965-1969 7.6 17.1 9.3 -1.0 8.2
1970-1974 6.7 16.5 7.7 -0.4 7.6
1975-1979 6.5 16.1 7.9 -1.3 7.3
1980-1984 7.0 16.2 8.3 -1.6 7.5
1985-1989 7.0 15.9 7.9 -1.4 7.3
1990-1994 8.0 16.8 7.4 0.6 8.2
1995-1999 7.9 17.1 8.4 0.2 8.4
2000-2004 9.1 17.7 9.5 1.2 9.4
2005-2009 9.1 18.1 10.2 1.5 9.7
191;/5‘_’;309 7.6 16.9 8.6 -0.3 8.2

prove that there appears a time shift of one month. This feature is typical of the areas
located within a short distance from the Baltic coastline, which was suggested by
Paszynski and Niedzwiedz (1991). Kirschenstein and Baranowski (2009) arrived at
the same regularity when analyzing the temperature changeability in Koszalin. Addi-
tionally, Kirschenstein (2004), when analyzing precipitation in northern-western
Poland, proved that in many stations located on the Northern littoral the maximum
precipitation sum was shifted to August or happened more often in August than in
July. This shift is connected with the cooling effect of the Baltic Sea, which causes
not only the changes in annual air temperatures cloudiness or precipitation, but also
other meteorological elements.

Amplitude is a very important characteristic of the annual air temperature course. It
informs mostly about the range of monthly temperature fluctuation. The yearly am-
plitude, that is the difference between the monthly average of the warmest and the
coldest month, was 20.7°C and fluctuated from 15.3°C (in 2000) to 28.0°C (in 1956),
(Fig. 3). Paszynski and Niedzwiedz (1991) claimed that the yearly temperature am-
plitudes that appear on the Southern part of the Baltic littoral are lower than those
present in the low-land parts of Poland, where the amplitudes rise from West to-
wards East from approximately 20°C to 23°C. The amplitudes present in the moun-
tains turned out to be exceptionally low.
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Fig. 3. Amplitude of average monthly air temperature (1950-2009)
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Fig. 4. The fluctuations of averaged monthly air temperature: the warmest month — 1, the
coldest month — 2, amplitude of the warmest and the coldest month — 3 (1950-2009)

The Baltic Sea has a considerable influence on the low levels of air temperature am-
plitudes on the littorals. Its cooling influence in summer (especially at the begin-
ning) and warming influence in winter makes the thermal contrast between outer-
most seasons less sharp. Whereas during transitory periods the Baltic Sea increases
the thermal diversity between the spring and autumn, making the spring cooler and
the autumn warmer.

It is also interesting to scale the fluctuation of average monthly air temperature
(Fig. 4). Between the years of 1950-2009 the fluctuations between the warmest and
the coldest month were noticeable in the winter months: in January the amplitude
was 15.2°C, in February 15.1°C and in December 12.4°C. The smallest fluctuations
were observed in June (5.0°C).

In the years 1971-2009 (24-hour air temperature means were plotted) the absolute
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maximum temperature was 36.5°C (31/07/1994), and the absolute minimum was
-27.3°C (14/01/1987).

The air temperature is characterized by considerable changeability between 1950-
2009, which was shown in the analysis of the air temperature within the year sea-
sons (Fig. 5). The summer was cool, with only 8 years where the average tempera-
tures were higher than 18°C. The warmest summer was in 2006 (19.2°C) and the
coolest in 1993 (14.9 °C).
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Fig. 5. Average air temperature in seasons (1950-2009)

Warm winters dominated between 1988-2008 (21 years), with only three years
where the average temperature was subzero: 1991, 1995 and 1996. Warm winters al-
so appeared in 1951-1953, 1957-1962, and 1974-1975. Cold winters appeared be-
tween 1976-1987. In this period only in 1983 the average temperature was above ze-
ro (0.2°C). In addition cold winters appeared in 1954-1956 and 1963-1973, with the
exclusion of 1965, 1967, and 1971. To sum up, the average temperature was above
zero in 55.0% of years. The most freezing temperature -6.1°C appeared in the winter
of 1963, while the warmest in 2008: 3.4°C (Fig. 5).

The autumn was very warm — in 100% of years it was warmer than the spring. The
warmest autumn was in 2006 (12.2°C), while the coolest was in 1993 (5.7°C). On
the other hand, the warmest summer was in 2006 (10.9°C) and the coolest in 1993
(4.5°C), (Fig. 5).

It was noted that the difference between the air temperatures in autumn and spring is
a very important characteristic of the annual air temperature course (Fig. 6). In
Szczecin, the 60 years average was 1.0°C and it fluctuated from 0.4°C (2007) to
2.1°C (1969). It indicates influences of the Baltic Sea and its warming in autumn and
cooling in spring. According to Paszynski and Niedzwiedz (1991) the temperature
difference between autumn and spring in central and southern Poland is constantly
falling and is amounted to approximately 1°C.

Since the analysis shows that air temperature distribution in the studied period of
many years is characterized by considerable fluctuations, a standard deviation has
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Fig. 6. Differences of air temperature in autumn (Sept-Nov) and spring (Mar-May)

been calculated which measures the level of air temperature deviation (monthly av-
erage, yearly average and seasonal average) from the 1950-2009 average value. The
following conclusions can be drawn from the values of standard deviation (Table 2):
— in the yearly course deviation was observed from December to February (with
the maximum occurring in February 3.4°C), the lowest deviation was ob-
served in June and August (1.3°C);
— winter showed the highest deviation (2.0°C), while summer had the lowest
(1.0°C).
The noticeable changes in the course of temperature records and its deviations from
the six decades average are the result of thermal anomalies that occur with different
frequency and intensity. The anomalies, impact atmospheric circulation that in turn
is deciding of warm or cool air masses, both locally and regionally. In case of Poland
the zonal circulation of moderate latitudes has a considerable influence on the air
temperature distribution. Additionally, in Szczecin, the air temperature is under great
influence the Baltic Sea, as well as the Szczecin Lagoon. The results show that the
cool period of year is characterized by the greatest changeability in the six decades
course. It seems that this period is under greater influence of fluctuating atmospheric
circulation. In the warm period of the year, apart from the common atmospheric cir-
culation, an important role is played by the solar energy fluxes and local weather
conditions. At that time the radiation aspect and the developing local sea breeze cir-
culation over the southern Baltic Sea and the Szczecin Lagoon have an influence on
air temperature. In addition an important role is played by the physiographic diversi-
ty. Szczecin is located in the Odra valley in the close vicinity of the Lake Dabie. The
Wielecka Gora elevation (131 m above the sea level) is located on the outskirts of
Szczecin. To the south of the city there is Bukowiec elevation (148.3 m above the
sea level) on the Bukowe Wzgorza.
In order to determine the trends in air temperature fluctuations, the linear approxima-
tions were determined (Table 2). The air temperature in all of the year seasons rise,
mainly in spring 0.0296°C year ' and winter 0.0320°C year™'. The estimated values of
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Line trend factors and volume of air temperature increase in Szczecin (1950-200;;able ?
Months Mean Star.ldz.ird Line trend of ;fltet::rliflr)zerl:fure
and seasons 195(00&:2)009 de\(/;ét)lon °C year' in the 60-year
period (°C)
January -1.0 3.1 0.0349 2.1
February -0.5 3.4 0.0517 3.1
March 2.7 22 0.0320 1.9
April 7.4 1.6 0.0331 2.0
May 12.7 1.5 0.0236 1.4
June 16.0 1.3 -0.0075 -0.5
July 17.6 1.6 0.0189 1.1
August 17.1 1.3 0.0214 1.3
September 13.2 1.4 0.0089 0.5
October 8.7 1.6 0.0048 0.3
November 3.9 1.8 0.0039 0.2
December 0.6 23 0.0095 0.6
Year 8.2 1.0 0.0196 1.2
Spring 7.6 1.3 0.0296 1.8
Summer 16.9 1.0 0.0109 0.7
Autumn 8.6 1.1 0.0059 0.4
Winter -0.3 2.0 0.0320 1.9

the trends show clearly that, in the period of 60 years, a considerable grow in tem-
perature took place in Szczecin: approximately 1.8°C in spring and 1.9°C in winter.
A markedly lower increase took place in summer (0.0109°C year™) and in autumn
(0.0059°C year'l). The high temperature increase in winter is caused by a high in-
crease of temperatures in January (0.0349°C year™') and in February (0.0517°C year™).
The rising tendency was also present in all the spring months, with the biggest in
April (0.0331°C year™). The negative trend appeared only in June (-0.0075°C year™),
(Table 2). The above analysis shows that Szczecin experienced a considerable rise in
air temperature in 1950-2009. February was the month with the highest average
temperature increase, seasons — spring and winter. June was the month with the low-
est trend, season — autumn. In the period studied 1950-2009 — the value of the coef-
ficient of the linear trend was 0.0196°C year™', which suggest a growth of the mean
air temperature in Szczecin by 1.2°C within the studied 60 years (Table 2).
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NORTH ATLANTIC OSCILLATION VERSUS AIR TEMPERATURES

The atmospheric circulation is one of the major factors affecting the meteorological
elements. In particular the North Atlantic Ocean determines the variability of air
temperature and precipitation in the northwestern Poland. One of the methods that
assess the influence of circulation on the weather conditions is the North Atlantic
Oscillation (NAO) index. Its value depends on the difference of atmospheric pres-
sure recorded on the sea level between two stations situated near the centers of the
Icelandic Low and the Azores High. The NAO index have two distinct phases,
which bring different weather conditions. In winter during the positive NAO phase
(when Icelandic Low experience drop of pressure accompanied by a rise of pressure
over the Azores High). Winters in Europe are warm and humid, because the air from
the Atlantic Ocean moves from west towards east. However, during the negative
NAO phase the decrease in pressure gradient leads to the drop in latitudinal airflow,
which leads to drop in temperature in Europe (winters are dry and frosty).

There was an attempt to assess connections between NAO circulation changes and the
air temperature. Monthly and seasonal values of NAO index (National Weather Ser-
vice 2008) from years 1950-2009 were used in the research. The analysis shows that
there is a large dependency of air temperature on NAO in winter (months Dec-Feb)
and in March (see Fig. 7). Low correlation with the NAO index occurred from April to
September and negative in June. In case of seasons, the correlation in winter amounted
to (0.69), in autumn (0.25), spring (0.14), and it was negative in summer (-0.15).

High values of correlation coefficient in winter mean a close relation between the air
temperature in Szczecin and NAO. Especially, in the cooler time of a year, the en-
hanced longitudinal pressure gradient between the Azores High and the Icelandic
Low more heat from the Atlantic Ocean is carried to the atmosphere, and result in
warmer winters.

The mutual dependence of air temperature on the NAO index is proved not only by
the value of the correlation coefficient, but also by the graphs presenting the changes
of the mean monthly air temperature and the NAO index in 1950-2009 (Fig. 8). The
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graphs show that the distribution of both elements is similar. In the highlighted months
(from December to March) a considerable phase coincidence (a positive NAO phase is
accompanied by a rise in the mean monthly temperature, while a negative NAO phase
is accompanied by decrease in the temperature). In case of both phases the coincidence
amounts to respectively: in January 67.8%, in February 73.3%, in December 67.8%.
Whereas taking into consideration the division into particular phases the following
was observed: with the positive NAO phase the coincidence is 56.4% in January,
66.7% in February, 94.9% in March and 86.2% in December. When the phase is nega-
tive the coincidence is: 85.7% in January, 83.3% in February, in March only 38.1%
and in December 50%. Taking into consideration the fact that in particular months the
coincidence of positive and negative phase with the air temperature is varied, addition-
al graphs of mean monthly temperature and the NAO index with the inclusion of the
division into positive and negative NAO phase is presented in Fig. 9-12a, b.
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The graphs also prove that the appearance of the warmest and coldest months was
closely connected to the appropriate NAO phases, e¢.g. when the NAO index reached
maximum in January (4.82), the mean air temperature was 3.5°C (1983), whereas
when the index was minimum (-4.09) the temperature was -8.8°C (1963). However,
the warmest January (5.1°C in 2007) appeared with a lower NAO index of 1.77.
Similarly, the coldest January (-10.1°C in 1987) appeared with the index of -2.12
(Fig. 9a-b).

Similar regularities appeared in the other months (February, March and December).
Taking into consideration the extreme values of the NAO index the following rela-
tionships were discovered:

— in February — with the maximum index of 5.26 the average monthly tempe-
rature was 3.9°C (1997), with the minimum index of -4.02 the temperature
was -8.5°C (1986), whereas the warmest February (5.3°C in 1998), had the
index of 2.44 and a very warm February appeared in 1990 when the index
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Fig. 10a-b. Mean monthly air temperature and NAO index: a — the positive phase of NAO,
b — the negative phase of NAO
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amounted to 5.11. The coldest February (-9.8°C in 1956) was with the index
of -2.96 (Fig. 10a-b);

in March, with maximum index 3.68, the average monthly temperature was
3.0°C (1994), with the minimum index -3.78 the temperature was 0.3°C (1962),
whereas the warmest March (7.2°C in 2007), appeared with the index of 2.03,
while the coldest was (-3.0°C in 1987) with the index of 0.29 (Fig. 11a-b);

in December, with the maximum index of 3.42 the average monthly tempera-
ture reached 0.7°C (1986), with the minimum index -4.70 the temperature
was -2.6°C (1996), whereas the warmest December (6.0°C in 2006), was with
the index of 3.08, and the coldest (-6.4°C in 1969) with the index of -0.26
(Fig. 12a-b).

The analysis above shows that the atmospheric circulation determined by the NAO
index correlates well with the air temperature from December to March. This is the
result of an enhanced activity of barometric centres that are being shaped above
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Fig. 11a-b. Mean monthly air temperature and NAO index: a — the positive phase of NAO,
b — the negative phase of NAO



20 Matgorzata Kirschenstein

T o 0,
NAO a) DECEMEBER AR - TEMPERATURE ¢
6 4
’.\\ ""\
o H
4 P 4 K (R Py
a [ [ i L 4
\ 7 g [IAY » \ 1 v,
A% Y ' ” i -k I \ 1 -
# i i \ ' A z i \ ' ]
s ' \ Py ey [ ' \ I v
# ! \ [ [} ) i 1 i [
” ! X P} s \ | 0
g 3 ! i [ ,i" . [ 1 \ H k
. X L] . 1 i i
4, - ] W] \ i ]
0 , A h H ] 7
. ] i 1 ] ] T 2
i [ [ ] i ]
h "\ \ [ i \ i (0
i \ L ] 1] ’
\)/ [t 1 ] 1 [
& A i — \ :/ \ s 4
-2 T N A [
[ ; %
I
N
-4 v -6
6 -8
(=R - R = B T O~ - T = e T - = D . T - N, SO~ S~ S Y . B SN Vs "
noam M I o e bl o W o W B R B o B DD @ oW oo oo =2ls g oo g
=3 R o383 FEa T e S ARS8 2828 B E 488 EEE
- i 0
NAO b) DECEMBER WA s TEMPERATURE c
6 )
J" i 6
LA
4 )
r \ s
- a G
2 \ ¥ i 4
A ’ \—/[ L)
\ ﬂ N \_, N / b
'
A\ \/'r \/ :L{ L A Z 2
0 4 : - T o !
~ N i v i ~ [l
N . N, y ] \ PEN h o2
L ~ K ol f 3 P AN i 2
] . - \ N 0
LY, - A \ \ / \
i 3 1 P [} ‘ 1
2 -7 X % 7 7 7
¥ W Y ¢ \ ’ v
" v ; , k W
\ gt [] A"
] I NP o ro
4 Y ¥,
L F-1
4 -2
_ o = e -3 e = Wi -3 — o =+ o = [ m = =3 =3 [=3 - o« fag] =+ = = =3 =
B8 5 8 8 8 P 2 R EE EERE B ¥ R 2 E 2 28 8 2 2 2 & & 8
o D e el D e ke o Tey . o el Bedm B s B S =SS Bod Z 8 ® a

Fig. 12a-b. Mean monthly air temperature and NAO index: a — the positive phase of NAO,
b — the negative phase of NAO

the Atlantic Ocean. In the warmer time of a year this influence decreases, especially
during summer. However, that does not mean that at this time of a year there is no
influence of the ocean on the distribution of air temperatures. In the warm time of
a year the air coming from the Atlantic Ocean is cool, thus is often leading to cooler
weather. Moreover, local determinants play a crucial role in this period. In case of
southern Baltic coasts, the Baltic Sea has impact on moulding the temperature (with
different intensity, but in all seasons). At the cold time of a year it causes a rise in
temperature, in the warm time — a drop in temperature. In this way, the Baltic Sea
diminishes the thermal contrast between seasons. The complexity of influence of
factors on the distribution of temperature in Szczecin causes a great changeability,

both in annual and many years’ course.
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CONCLUSION

The aim of this work is to analyse thermal conditions in Szczecin, considering the
trends of changes determined with a coefficient of linear curve fits, and to investi-
gate the relations between North Atlantic Oscillation and the air temperature. The
annual courses of air temperature in Szczecin are characterized by a great change-
ability. It results from the changeable impact of circulation originated over the North
Atlantic, over the Baltic Sea, and in the continental area, as well as some local de-
terminants. The following conclusions can be drawn:

1)

In the period studied the average air temperature was 8.2°C and underwent
considerable changes in particular years. At the beginning of the studied pe-
riod (1950-1969), the average temperature calculated for the period of five
years was at the level of the whole period average. During this period the au-
tumn was relatively warm. Next, in the years 1969-1988, a distinct cooling of
the climate was observed (the average annual temperature was much lower as
compared with 60 years average). Between the years 1989-1996 the average
annual temperature started to increase slowly, and exceeded 10°C in 2007-
2008. This warm period was a consequence of the temperature increase in al-
most all of the months. However winter months were especially warm in
these years.

2) July turned out to be the warmest month, however the mean maximum ap-

3)

4)

peared also in August and June. January was the coldest month, although the
minimum also appeared in December and February. The fact that the maximum
shifts to August and minimum shifts to February proves the one-month shift
theory. It is a characteristic feature of the areas located within a close distance
from the Baltic Sea. Summer seasons in Szczecin are cool (only 8 years showed
the average temperatures higher than 18°C). However, winters tend to be warm
(increased average temperatures were recorded in winter seasons in 55% of the
analyzed years). Autumn seasons tend to be very warm — temperature was
higher in autumn than in spring in 100% of the analyzed years.

The monthly linear trends showed that the month with the highest increase in
temperature was February, seasons — spring and winter. June was the month
with the lowest temperature increase, season — autumn. The average year air
temperature has increased by about 1.2°C over the 60 years.

Atmospheric circulation determined by NAO has an undoubtedly considera-
ble influence on the air temperature in Szczecin in winter months (Dec, Jan,
Feb) and in March. It is clear considering high values of the correlation coef-
ficient. The temperature shows a great conformity of phase (the rise in aver-
age monthly temperature corresponds to the NAO positive phase, whereas the
drop in average monthly temperature corresponds to the NAO negative
phase). For the both phases the estimated percentage of conformity amounts
to respectively: in January — 67.8%, February — 73.3%, in March — 75.0% and
in December — 67.8%. It was also observed that there is a great coincidence
of negative phases in January (85.7%) and February (83.3%), and positive in
March (94.9%) and December (86.2%).
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TENDENCJE ZMIAN TEMPERATURY POWIETRZA W SZCZECINIE

1 ICH ZALEZNOSC OD OSCYLACJI POENOCNOATLANTYCKIEJ (NAO)

Streszczenie

Celem pracy byta analiza zmienno$ci warunkéw termicznych w Szczecinie z uwzglednie-
niem tempa zmian okreslonego za pomoca wspodtczynnika trendu liniowego oraz zbadanie za-
leznosci temperatury powietrza od Oscylacji Potnocnoatlantyckiej. Na podstawie przeprowa-
dzonych badan stwierdzono, Ze przebiegi roczne temperatury powietrza w Szczecinie charakte-
ryzowaly si¢ duza zmienno$cia. Wynika ona ze zmiennego oddziatywania cyrkulacji znad Oce-
anu Atlantyckiego, wptywu Morza Baltyckiego i oddzialywania obszaru kontynentalnego oraz
uwarunkowan lokalnych. W wyniku przeprowadzonych badan uzyskano nastg¢pujace wnioski:

1))

2)

3)

4)

5)

W badanym okresie $rednia roczna temperatura powietrza z wielolecia wyniosta 8,2°C
i w poszczegolnych latach ulegata duzym wahaniom. Na poczatku badanego przedziatu
czasowego (1950-1969) srednia roczna temperatura obliczona dla okresu pigciolet-
niego byla na poziomie $redniej wieloletniej. W okresie tym bardzo ciepta byla jesien.
Nastgpnie, w latach 1969-1988 (20 lat) wystapilo bardzo wyraZzne ochlodzenie ($red-
nia roczna temperatura byla nizsza od $redniej wieloletniej). W latach 1989-1996
Srednia roczna temperatura ponownie stopniowo wzrastala i w latach 2007-2008
przekroczyta 10°C. Ten ciepty okres byl konsekwencja wzrostu temperatury prawie
we wszystkich miesigcach, szczegdlnie ciepte w tym czasie byly miesiace zimowe.
Najcieplejszym miesigcem byt lipiec, jednak Srednie maksimum wystgpowalo row-
niez czgsto w sierpniu i czerwcu. Najchtodniejszym miesiacem byt styczen, minimum
czgsto pojawialo si¢ rowniez w lutym i w grudniu. Wielokrotne wystgpowanie mak-
simum w sierpniu i minimum w lutym §wiadczy o czgstym przesunigciu o jeden mie-
sigc. Jest to cecha typowa dla obszarow potozonych w niewielkiej odlegtosci od wy-
brzeza Battyku.

Analiza temperatury powietrza w porach roku wykazala, Ze lato bylo chlodne, tylko
w o$miu latach $rednia temperatura przekroczyta 18°C, natomiast czgsto wystgpowaty
ciepte zimy (facznie w 55% lat $rednie temperatury zima byty dodatnie), szczegdlnie
w latach 1988-2008. Bardzo ciepla byta jesien — w 100% lat temperatura byta wyzsza
niz wiosna.

Analiza wspotczynnikow trendu liniowego wykazata, ze miesiagcem o najwyzszym
przyroscie temperatury byl luty, porami roku — wiosna i zima. Miesigcem o najniz-
szym przyroscie temperatury byt czerwiec, pora roku — jesien. W badanym 60-leciu
przyrost $redniej rocznej temperatury powietrza wynosi okoto 1,2°C.

Z analizy zwiazko6w migdzy zmianami indeksu NAO a temperatura powietrza wynika,
ze w Szczecinie wystgpuje duza zaleznos¢ temperatury powietrza od Oscylacji Pol-
nocnoatlantyckiej w miesiacach zimowych (XII-II) oraz w marcu, $wiadcza o tym du-
ze wartoSci wspotczynnika korelacji. Pozytywnej fazie NAO odpowiada na ogot
wzrost $redniej miesigcznej temperatury, negatywnej fazie NAO — spadek $redniej
miesigcznej temperatury. W przypadku obu faz zgodno$¢ wynosi odpowiednio:
w styczniu — 67,8%, lutym — 73,3%, marcu — 75,0% i w grudniu — 67,8%. Zaobser-
wowano takze, ze wystgpuje bardzo duza zgodnos¢ faz ujemnych w styczniu (85,7%)
i w lutym (83,3%) oraz dodatnich w marcu (94,9%) 1 w grudniu (86,2%).






