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Abstract: The uhjective nf the work 12 to determine the periodicity and trends of chanpe 10 air
tetnperaturs in Warsaw and ino Leiv durinp che 189-20¢0 conturivay, logolher with the forecaut
for the yeara 2000-2100. There are interegting diserame of temporal changes ol Lhe Murth
Atlantie {dseillation {NACQ) ndicutor and air temperntare, with the forecast reaching the vear
2100, The Lurecawls were obtained on the bazia of interprotarions of the Sun accivity and the
MACG indicator cveles, derermined with the method of “represaion smnscida™ The finctuations
of air temperature and Nevth Atlantie Oseillation during winter in Warsaw and in Taiv are
rlogely enrrelated,
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The dominating influence on the climale of Europe 15 exerted by two
primary centres of the atmogpheric presaure fleld: the Azores High and the
[celandie Low. These two pressure centres, assoriated with the difference of
temperature botween the wiaters of the North Atlantie and the continent,
are negalively correlated with one another. Thia is the ao-called Morih
Atlantic Osciltation, NAO, In the situations of 8 higch meridional presaure
difference, that is — a significant gradient of pressare directed towards the
Nurth, air from above the Atlantic moves along the paraliela from Lthe West
to the Kast — over the tormitory of Poland and Ukraine. The study refers to
the WAQD indicator, as defined by P. D, Jones el sl {1897, Lhat s - the
standardiced pressure difference at sea level hetween Gibraltar and the
South-West Teeland,

The strength of correlation between the winter air leinperalure in Warsaw,
in Lviv and the NAO indicator 18 demonstrated by the comparizon of their
correlation coefficients (Table 1),
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Cortelation eoeffirients betweon of ajr temperatiare in Wargaw,
in Lviv and the North Atlantic Dacillation (NADY In the vears 18252000
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The changes of air temperature in Waraaw, Tviv and the Novth Allantic
Ogelllatinn are shown in F iz 1.

1.5 - .
Winter

[ Cansacative 11-wamit AwETAGEA |

1.0 4

[FE

Standardized valies

0.0 A

0.5

'1.':| !| T T T T T T T i -rr L 1
1900 10 1920 1930 1540 1950 100 1870 1580 1980 2000

Fig, 1. Thanges ol air ternperabure w Warsaw, Lyiv, and NAQ indicatar in che Yeara LH00-2000

The Lendencics in the air temperature and NAOD in the years 1900-20040
are defined by the regression equations {F= A + At +A, ¢ A= aTiot =
A +24. ¢ ¢ time):

T,,=0.00030897:%-1.2006¢+1166.2. {__ =1942
T S0.000234641-0.9177:+897.15. 1, = 1956
NAG =0.00026727£-1.0450+1021.5. ¢ =1955

In peneral, air temperature in Warsaw and Lyviv tended to decresase in
the years 1800-1943 | 1900. 1956 (4 < 0) and increased in the vears 1943-20400,
1957-2000 A= G,

The North Atlantic Oscillation tended to tdecrease in Lhe years 19N)- 1955
and Inereased, in the vears 1956-2000 (A= (),

The NAQ indieator, in the winter, in years 1325-2000. is characterised
by periodivity with the evele equal to areund 8 and 100 vears, 1o T8, 105.2
years. Il is intercsting to compare the spectra: air temperature during
winters in Warsaw, and in Lviv in the ¥ears 1800-2000. The spectra are

EH:‘lI‘H'



THE INFLURNCE OF THE NOBTH ATLANTIC OSCILLATIONS,,, TT

characterised by a1 similar periodicity. with the dominant period of abou
7.8 yvears, The similarity between the two spectra wdieates that winters
in Warsaw are shaped by perindic Auctuations of the NAC index {zonal
circulation). '

Theoir presence in almaost all of the chronelogical serics (of the monthly
and seasonal values) confirma the fact that thns perniodieity charactenses Lhe
temperature feld in Turope. The periods of the NAQ indicator in winter are
dominated similarly as the periods of air temperature in Warsaw (8.4, 985
vears) and Lviv (3.3, 19.3, 109.9 vears) .

The spectra and the oveles of air temperature {Tig 23 and the NAG
indicator were determined the method of “regression sinusolds” (Borvezks,
1998): the method congises of adjusting the results of the v measure-
ments perlormed in lime t, .., § fusing the =mallest sguare valoesz)
of comsecutive sinusoids with presumed eveles, ep. @ =1, 2, ... 0 lor 01
0.2: . /). the regression sinusold equarion {as referred by the authoer) with
the cvele B, amplitude b and phase ¢

¥ =0+ halnfwf + el o=2mi

The spectrum 15 a sequence of values of residual varianes €%, corresponding
to 1the presumed ryeles 8 =0.1; 0.2; . % The eycles denote the local minimums
& of the residual varance £f

=0 T.

2.4 -
Wlors 2wl Le

a3 1

*E

tesl variance e*

5.1 1

118 5 yrars
540 1

Perigd= £ waard
8.2 ypears

4.8 T r Y r T r T '
I 25 el Th i 125 i30 175 20

Fig.¥. The spectran of air temperaturs In Warsaw in the yearg 17792000 {in the strip 2.0-200
yoarg, AB=0,11 - wintor

The changes of air temperature in winker in Warsaw and Lviv are
apown in Fie. 4. In the measurement intervals these are the values of the
funeiion approximating the function T = f{t}, while outside these intervals
prediction values are civen. Tendencies 1n air temperature ave defined by
the Hnear vegression equations T= A +At [ Warsaw — A=1.1°"C/100 years.
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Pz 4 Tho spectrum of air temperature in Ty in the yeurn 18242002 (in the SOFip 20000
yourA, AB=01) - winter

Lviv — A=0.7"C/100 years). The cocfficionts are usually positive (A=0, inereas-
ing tendeneies),
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Fig 4. The chunpges of air termperafure in Wirsaw in the yeuru 1772100, and i Liv in the
yeara 1324-2100, the farecaat tor 21 century (winter)

The foreeast of air temperature in Warsaw, and Tviv were obtained on
the basis of interference of the cyeles:

T=Ffe =uu+EibJsin{2n£."@1.+cj}.
where: 8 - periods, h- amplitudes. ¢ - phasc

The coldest winters in Warsaw and m Lviv will nceur most likely in the
middle of thie eontury, around the year 2000, They will be slightly milder
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than those in the beginning of the 19 century because of the graduaily
lerger contribution of the anthropogenic factors.

The proagressive warming of Earth’s climate 18 mainly cansed by natural
factora, that 1s increasing solar activity. The aspects which tesiify to the
predominance of natural factors include aynchronous changes in the average
air temperature in Europe: Paris, Berlin, Stockholm, Warsaw, Cracow,
Progue, Vienng, Tallinn, Basle, Oxford in the vears 1856-2000 {Fig.G}. the
average consecutive 11-year Wolf numbers (Fig .6}
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Fig. 5. Chanpges of gir temperature in Furepe (Paris, Berclin, Soockbhelm, Wareaw, Cracow.
Prague.¥ienna, Talinn, Basle) in the years THAG-2(0K {deariations from the averaps value for

Lhe yoars LE56- 1))
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Fig. 6. Chanpes o solar activity (Woll numbers) in the yeors 185G-200% (desnations from the
averaye value for Lhe yeara 18556-1900)

Synchronous changes in the average air temperature in Europe 1h the
years 1856-2000 and ihe average coneecutive 11-years cycle of the Wolt
numbers Lestify to the significant role thai the solar activity plays 1o shaping
of the Earth’s climata.
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Deviations from the average air temperature in Europe in the years
1856-1900 are, as a rule, negative prior to 1920 and positive, after 1920, The
years 1920-2000 are characterised by a significant warming with the lecal
minimum in the 1960sg. The situation 1s similar in the case of average con-
secutive deviations relating to the Wolf numbers for 11-year cycles from the
average value for 1856-1900. They are negative until 1925 and positive after
1925, The main local minimum of the temperature in the 1960s. is matched
by the main loecal minimum for the Wolf numbers; the solar activity in
1925-2002 is also significantly greater than before 1925,
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